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S ‘Physical Quantities and

Measurements

Student Learning Outcomes
After completing this chapter, students will be able to:

* Describe physics as the study of matter, energy, space,_time and their mutual
connections and interactions

» Differentiate between physical and non-physical
quantities

* Explain with examples that physics is based on
physical quantities [Including that these consist of
amagnitude and a unit]

» Differentiate between base and deriveduphysical
quantities and units.

* Use the seven units of System International (SI)
along with their symbols and physical quantities
(standard definitions of Sl upits are notrequired)

* Analyse and expressgnumerical data using
scientific notation [in Measurements and calculations.]

* Analyse and express numerical data using prefixesiinterconverting the prefixes and
their symbols tolindicate multiple and submultiple for both base and derived units.]

* Identify and@Xplainthesreason for common sourges of human and systematic errorsin
experiments.

* Determine anaverage value foran empiricalffeading [Including small distance and for
asshert interval of time by measuring'multiples (including the period of oscillation of a
pendulum)]The uncertainty in measurements and describe the need using significant
figures for recording and stating results of various measurements.

» Differentiate between precision and accuracy.

* Round off and justify measured estimates to make them reasonable. [Based on
empirical data to an appropriate number of significant figures]

* Determine the least count of a data collection instrument (analogue) from its scale.

We are living in a physical world where we observe many natural
phenomena and objects around us such as Sun, stars, moon, oceans, plants,
winds, rains, etc. People have always been curious to know the reality of such
happenings. This has led certain people to investigate the facts and laws working
in this world. This field of observation and experimentation to understand about
the world around us is known as science. Everything in our lives is closely linked
to science and the discoveries made by the scientists. In order to obtain reliable
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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 measurements of the physical quantities.
In this chapter, we will discuss physical quantities, their measurements and
related contents.

1.1 Scope of Physics

Physics is the fundamental science that deals with the constituents of the
universe, that is, matter, energy, space, time and their putual relationships and
interactions. It strives to understand how the universe works, from the smallest
subatomic particles to the largest star and galaxies,Welhave studied some of the
basic properties of matter, energy and their mugual inter-relationship in the
earlier chapters of this book. We will dis¢uss in detail the concept of space and
time in the higher classes. Briefly, the space™is the three-dimensional extent in
which all objects and events occur. It provides framework to define positions and
motions of various objects under sofe force.

The time measures the sequence and durations ofevents. It is considered
fourth dimension. For example, oscillating motionisuech as that of a swinging
pendulum relies on the time iaterval that detefminesfreguéency of oscillations.
Another example is the time dilation whi¢h ista phenomenon discussed by
special theory of relativity where time passés slowlyyfor an observer moving at
ultra-high speed.cempared to one relatively atgest. Physics explores how these
fundamental concepts are inter-connected. Forexample, the theory of relativity
explains howispace,and time arg’not absolute quantities but are related to each
other.“It describes the relationship Hetween 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 found in the universe.

1.2 Physical and Non-Physical Quantities

We describe various natural phenomenon, 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

We describe various natural phenomenon, events and human behaviour
using some of their features and terms such as love, affection, fear, wisdom,
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beauty, length, volume, density, time, temperature, etc. Some of these can be
measured directly and indirectly using some tools and instruments such as
length of an object using a ruler, time duration of an event using a clock, the
temperature (the degree of hotness) of somebody using a thermometer. They
are called physical quantities. The foundation of physics rests upon physical
quantities through which the laws and principles of physics are expressed.

Other quantities quoted 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
estimated qualitatively or compared using some _pre- WENTTLTTAY
determined criteria, indices or through survey gechfiques, DPoes a non-
Non-physical quantities mostly help to understane, and to Physical quantity

. . C . have dimensions?
analyse human behaviour, emotions and socialsifiteractions.

1.3 Base and Derived Physical Quantities

Physics is a science of physicalywiorld \where we interact with many
different types of material objects. These obje€ts are exposed in terms of their
measurable features known as physical quantities such as length, breadth,
thickness, mass, volume, density, time, temperature, ‘etc. Out of these, the
scientists have selected arbitfarily'some quantities tegplay a key role. They are
called base quantities. All'the quantities which/€an be desefibed in terms of one
or more base quantities areycalled derived physical quantities. For example,
speed is a derived quantity which depends on distanee and time which are base
quantities whereasadensity of a material is dgscribed in terms of mass and
volume.

Meam\m Physi( yanw

A measurement is a process of,comparison of an unknown quantity with a
widely accepted standard quantity.

Activity 1.1

The teacher should facilitate this activity and initiate discussion as per direction.

One student should measure the length of a writing board with his hand. The same should
be repeated by four or five students. Are all the measurements same? If they differ, then
why? What is the solution to avoid confusion?

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
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measurement is known as a unit.

A measurement consists of two parts, anumber and
aunit. 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 people 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 mutual trade, business and share scientific infogmation.

1.4 International System of Units

The international committee on
weights and measures in 1961 recommended

. hysical .
the use of a system consisted of seven base quZ:Itci:y Unit | Symbol
units known as international system of units, 1 p— .
. . - n m
abbreviated as SI. This system is in use all ov&F|_- eng metre
the world. 2. Mass kilogram kg
Use of SI measureméntsyhelps all| 3. Time second s
scientists to share and® compare their| 4" | Temperatdre kelvin K
observations and results easily. The seven .
. . . . 5.|Electric current|  ampere A
base units are giverifi Table T:1. Their values —
are fixed with referénce to internafional| 6 |Mensityoflight] candela | cd
standards. y | Amountof mole mol
substance

Derivgd N&

Base units cannot be derived from one
another andneither can they be resolved into

anything more basic. While the units of derived T2 PhVSic,al Unit  |Symbol
quantities such as speed, area, volume, force, o IRGEaINL) .
pressure and electric charge can be derived g Area square metre| m
using the base units. These units are called| 2 | Volume | cubicmetre | m?’
derived units. 3 Speed metre per |
The units which can be expressed in second
terms of base units are called derived units. 4 Force newton N
Forexample, Area = length x breadth 5. | Pressure pascal Pa
= metre x metre 6. |Electric charge| coulomb C
= square metre 7. | Planeangle |  radian rad

= metre® orm?

Table 1.2
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Speed = Distance/Time = metre/second =ms” | _Quick Quiz_J
A few derived units with specific names and (a) Write the unit of charge in

symbols are givenin Table 1.2. terms of base unit ampere
and second.
. (b) Express the unit of pressure
Sl Prefixes "pascal”in some other units.

used to write units by powers of 10. The big

quantities like 50000000 m and small ::v:;s
quantities like 0.00004 m are not convenient . 0"
to write down. The use of prefixes makes - P
them simple. The quantity 50000000 m can —
be written as 5 x 10" m. Similarly, the quantity P 10
0.00004 m can be written as 4 x 10™° m. n 10”
Prefixes are the words or sy K 10°
added before Sl unit such as milli, centi milli m 10°
mega, giga (Table1.3). The prefixes given i centi C 10°
Table 1.4 should be known foruséof Slunits |  decign d 107
effectively. For example, o ndth k 10°
(1/1000) of a metre re. The M 10°
thickness of a thin wire"ce =xpressed G 10
conveniently in mi&etres Whereas a | T 107
distance is expresseédiin kilometres w is 5 pp
1000 metres. peta 1018
ub-multip = : 1
meas given in Tab 'hereas Table 1.4
multiple b-multiples of length are 100 kg ,
given in Table 1.5. The following examples will 10 quintal or 1 quintal
explain the meaning of prefixes. 1000 kg ! tonne
(i) 5000 mm 2000 m =5m
1000 1m 100 cm
(i) 50000 cm =22299 1~ 500 m tem 10 mm
1 km 1000 m
1 mm 10° m
(i) 3000g = % kg =3 kg Cem ol
_ & | Do You Know? 1 km 10° m
(iv) 2000 us = 2000 x 10 The kilogram is the m
s=2x1073s only base 'unit that 180 1 5 )
=2ms has a prefix. (@) 1000 pm (b) 1000 cm
5 (¢) 100,000 mm (d) 1 km
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1.5 Scientific Notation

It is short way of representing very large or very small numbers. Writing
otherwise, the values of these quantities, take up much space. They are difficult
to read, their relative sizes are difficult to visualize and they are awkward to use in
calculations. Their decimal places are more conveniently expressed as powers of
10. The numerical part of the quantity is written as a number from 1 to 9
multiplied by whole number powers of 10. To write numbers using scientific
notation, move the decimal point until only one non-zero digit remains on the
left. Then count the number of places through which the decimal point is moved
and use this number as the power or exponents of 10. The average distance from
the Sun to the Earth is 138,000,000 km. In scientific netation, this distance would
be written as 1.38 x 108 km. The number of placespdecimal moved to the left is
expressed as a positive exponent of 10.

Diameter of hydrogen atom is about 0:000,000,000,052 m. To write this
number in scientific notation, the decimalpointiis moved 11 places to the right.
As a result, the diameter is written as 5.2 x 10 m. The number of places moved
by the decimal to the right is expressed as a negative exponent of 10.

Example 1.1

Solve the following: _“ForYour Information!
(a) 5.123x10*m +3.28 x10°m The negative exponents have
-2 - 3 values less than one. For
(b) 257 x10°mmM% 3.43x 10" mm example, 151072 0,01
Solutiom
(@ 5.123xd0%m + 3.28 x 10%m | Quick Quiz /
= 5023x10*m + 32.8x10"m Express the following into

4 scientific notation:
(5'123+32'?) 10°m (@) 0.00534 m (b)2574.32 kg
37.923x10"m (c) 0.45 m (d)0.004 kg

=3.7923x10°m (e) 186000 s

(b) 2.57x10°mm-3.43x10°mm
2.57x10°mm-0.343 x10° mm
(2.57-0.343) 10 mm

For Your Information!

Addition and subtraction of
numbers is only possible if they

= 2.227x10% mm have the same exponents. If they do
_ 2 3 not have the same exponents, make
=2.227x10"x10"m them equal by the displacement of
= 2.227x10°m the position of the decimal point.

6
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For Your Information!

.

Use of Sl units require special care, particularly in writing prefixes.

Each unit is represented by a symbol not by an abbreviation. For example, for Sl not S.I., for
second s not sec, forampere A notamp, forgram g not gm.

Symbols do not take plural form. For example, 10 mN, 100 N, 5 kg, 60's.

Full name of unit does not begin with capital letter. For example, metre, second, newton
except Celsius.

Symbols appear in lower case, m for metre, s for second, exception is only L for litre.

Symbols named after scientist's name have initial letters capital. For example, N for newton,
Kfor kelvin and Pa for pascal.

Prefix is written before and close to Sl unit. Examples: ms, mm, mN, notm's, mm, m N.
Units are written one space apart. For example, Nm, N s.
Compound prefixes are not allowed. For example,

(i) 7 pps should be writtenas 7 ps.
(i) 5% 10*cm should be writtenas 5 x 102 m.

Example 1.2

3ranches of Physics
1. Mechanics

Find the value of each of the following quantities: 2. Heat and Thermodynamics
(@  (4x10°kg) (6x10°m) S (AGRUSES
6 3 omagnetism
(b) wz um Mechanics
2x10“m ivistic Mechanics
. . Nuclear Physics
Solution )9 Particle Physics
4x103 k 108%m) = (4 103F6 Kk 10. Astronomy
(a) (4x107kg)(6x] 0tm) =(4x6)x10 9 gm 11. Solid State Physics
= 24xi10%kg m
=2.4x10"kgm
b 3 — 6 For Your Information!
(b)  6%10°m 10_2m ,5 o % 107 m*™® The symbol of the
2x107"m 2 . base units are
=3x10'm universal independent

1.6 Errors in Measurements

of the language used
in the written text.

Measurements using tools and instruments are never perfect. They

inherit some errors and differ from their true values. The best we shall do is to
ensure that the errors are as small as reasonably possible. A scientific
measurement should indicate the estimated error in the measured values.
Usually, there are three types of experimental errors affecting the
measurements.

(i) Human Errors  (ii) Systematic Errors (iii) Random Errors
7
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(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
on ascale. Personal errors can also arise due to 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 15 cm 18cm 20

incorrect correct incorrect

reduced by ensuring proper training, techniques and A7 o

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 impact of human errorss

0 Fig. 1.1

(ii) Systematic Errors

They refer to an effect that influencesall measurements of particular
measurements equally. It producesa consisténce difference in reading. It occurs
due to some definite rule. It may @ccur due to zerogé¥ror of instrument, poor
calibration of instrument or incorrect marking. The €ffect 6fthis kind of error can
be reduced by comparinggsthe, instrtument withfanother which is known to be
more accurate. Thus, a corregtionfactor can béapplied.

(iii) Random EJ@

It isqsaid.to occur when repeated measurements of a quantity give
different values under the same’conditions. It is due to some unknown causes
which are tnpredictable.

Thelexperimenter have a littleyor no control | _Quick Quiz_J
over it. Random error arise due to sudden !dentify Personal, Systematic
fluctuation or variation in the environmental 2ndRandomerrors:

.. . 1. Your eye level may move
conditions. For example, changes in temperature, L .
.. a bit while reading the
pressure, humidity, voltage, etc. The effect of

random errors can be reduced using several or 5 mecsucﬁznt may cause
multiple readings and then taking their average or the balance to fluctuate.
mean value. Similarly, for the measuring time 3. The balance may not be
period of oscillating pendulum, the time of several properly calibrated.

oscillations, say 30 oscillations is noted and then 4 Some of the liquid may

mean or average value of one oscillation is e @iepeiies il g
. is being measured.
determined.
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1.7 Uncertainty in a Measurement

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

its determined value due to some instrument. L

This uncertainty may be due to use of a number
of reasons. One reason is the type of instrument
being used. We know that every measuring | instruments have a digital scale.
instrument is calibrated to a certain smallest | \ye ysually estimate one digit
division and this fact puts a limit to the degree beyond what is certain. With
of accuracy which can be achieved while | gigitap&eaie, this is reflected in
measuring with it. Suppose that we want to fluctuationtof the last digit.
measure the length of a straight line with the
help of a metre rule calibrated in millimetres. Let'the end point of the line lies
between 10.3 cm and 10.4 cm marks. By convention,ifithe 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 seems to be touching or have
crossed the midpoint, the reading is extended to the next division. Thus, in this
example, the maximum uncertaintyis + 005 cm. It is, infact, equivalent to an
uncertainty of 0.1 cm equal to the least count of the instiument divided into two
parts, half above and half below'the recorded reading.

The uncertainty in small length such asfdiaméter of a wire and short
interval of time can be reducedyfurther by taking multiple readings and then
finding average value. For example, the averageytime of one oscillation of a
simple pendulum isusually found by measuring the time for thirty oscillations.

The unceptainty ‘@r.accuracy in the valuegof a measured quantity can be
indted conveniéntly by using significantfigures:

1.8 Significant Figures

We can“€ount the numberfof candies in a jar and know it exactly by
counting but we cannot measure thetheight of the jar exactly. All measurements
include uncertainties 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 digits of a W””””” —
measurement which are reliably known. demi 2 3 4 L | (|; | 7|

Instruments
Some modern measuring

Uncertainty in Digital J

Figure 1.2 shows a rod whose length is
measured with a ruler. The measurement shows the
length in between 4.6 cm and 4.7 cm. Since the length
of the rod is slightly more than 4.6 cm but less than 4.7 cm, 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 6 mm mark whereas the

9
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second student considers the edge of the rod nearer to 7 mm mark. It is difficult
to decide whatis the true length. | Quick Quiz |

Both students agree on digit 4 ~ Name some repetitive processes
but the next digit is doubtful which has °CCU””9bI'” nature Wg'cg could serve as
been determined by estimation only ~ easonapietimestandard.

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
known-as significant figures.

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 aressignificant. However,
zeros may or may not be significant. In case of zerosythe{folléwing rules apply:

(a) A zero between two digits is considered significantyFonexample in 5.06m, the
number of significant figuresiis 3.

(b) Zeros on the left side of the measured value'aré notsignificant. For example,
in 0.0034 m, the number of significantfigures is2s

(c) Zeros on the right side of a decimal arexc@nsidered significant. For example, in
2.40 mm the significant digits are 3.

(d) If numbers are recorded in scightific notation, then all the digits before the
exponent are significant. Forexample, in 3.50 x 40°m), the significant figures
are 3.

How many significantfiguressare there in eachief the following?
(@) 1.25x 10° m (b) 12.5 cm (c)0.125, m (d) 0.000125 km

1.9 Precision and Accuracy

A physsicakmeasurements shiéuld e precise as well as accurate. These are
two separate“eon€epts and ne€ed clear distinction. Generally, precision of a
measurementrefers to how closetoegether a group of measurements actually are
to each other. Accuracy of a measurement refers how close the measured value is
to some accepted or true value.

(@ =3 (b) (©

Precise not accurate Accurate not precise Accurate and precise
Fig. 1.3
A classicillustration is helpful to distinguish the two concepts. Considera
target or bullseye hit by arrows in Fig. 1.3. To be precise, arrows must hit near
each other (Fig.1.3-a) andto be accurate, arrows must hit near the bullseye
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(Fig. 1.3-b). Consistently hitting near the centre of bullseye indicates both
precision and accuracy (Fig. 1.3-c). When these concepts are applied to
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 is accurate if it correctly reflects the size of the object being
measured. Accuracy depends on fractional uncertainty in the measurement.
Infact, it is relative measurement 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
larger is the number of significant figures, the higheris the accuracy.

1.10 Rounding off the Digits

When rounding off numbers to a certain number, ofSignificant figures, do
so to the nearest value. If the last digit is marethan 5, the retained digit is
increased by one and ifitis less than 5, it isffetained as such.

For example:
(i) Round offto 2 significant figures: 2.512'x 10°m.  Ans.2.5x10°m
(i) Round off to 3 significantfigures: 3.4567 x 10°kg. Ans.3.46 x 10*kg

For the integer 5, there is@marbitrary rule:
If the number before the 5is,0dd, oneis added tothe last digit retained.
If the number before the 5%sievenpitremains the same:
For example:
(i) Round off to 2 significant figures: 445 x 10° m.

Do You Know?

(ii) Round off to 2'significant figures:4.55 x 10° m.
Answer: 22%10° m
Answer: 4.6 x 10°m
Sometimes, logic is applied to,decide the fate .
of a digit. If we round off to 2 significant figures ﬁQnE'r‘ifet;‘s’Slgttm‘;r
4.452 x 10° m, the answer should be 4.5 x 10° m since intervals as short as
4.452 x 10° m is more closer to 4.5 x 10° m than (1}’1”53&5’)2}"5,“22233(1.

44x10°m.

A Multiple Choice Questions

Tick (v') the correct answer.
1.1 Onefemtometreisequal to:

(@) 10°m (b) 10" m (©)10°m (d)10" m
1.2  Alightyearisaunitof:
(a) light (b) time (c) distance (d) speed

11
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Which oneis a non-physical quantity?

(a)distance (b)density (c) colour (d) temperature

Two rods with lengths 12.321 cm and 10.3 cm are placed side by side, the
difference in their lengthsiis:

(@)2.02cm  (b)2.0cm (©)2cm (d)2.021cm

Which of the following measures are likely to represent the thickness of a

sheet of this book?
(@)6x10% m (b)1x10* m (©12x10"™ m (d)4x10% m

B Short Answer Questions

Can a non-physical quantity be measured? If yes, thénhow?

What is measurement? Name its two parts.

Why do we need a standard unit for measurements?

Write the name of 3 base quantities and 3'derived quantities.

Which Slunit will you use to expres§the height/of your desk?

Write the name and symbols of allSLbase units.

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

What is meant by:

(@ 5pm (k) 15ns (€) B4m (d) 5 fs

C Constructed Response Questions

1.1

In what unit willyou express each ofthe following?
(a) Thicknessief afive-rupee coin:

(b) Length.of a book:

(e).Length offootball field:

(dhThe 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:

Why might a standard system of measurement be helpful to a tailor?

The end of a metre scale is worn out. Where will you place a pencil to find
the length?

Why is it better to place the object close to the metre scale?

Why a standard unit is needed to measure a quantity correctly?

Suggest some natural phenomena that could serve as a reasonably
accurate time standard.

12
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D Comprehensive Questions

1.1

1.2

1.3

1.4

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

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

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

Differentiate between precision and accuracy of a measurement with
examples.

E Numerical Problems

1.2

1.3

1.4

1.5

1.6

1.7

1.8

Calculate the number of seconds in a (a) ek (c) month and state
your answers using Sl prefixes. 4 ks, 604.8 ks, 2.592 Ms)
State the answers of problem 1.1 ntific notation.

[8.6 *5,6.048 x 10° s, 2.592 x 10° 5]

Solve the following addi&or subtractiopmState your answers in
scientific notation.
(@ 4x10* kg + (b) ) %JZHOSm

“ kg” (b)

. —-2.66 x 10 m]
Solve the f multlpllca or division. State your answers in

scientifi 6 10° K
(3>< 102 by 22 X9
3x 10* m?

(@) 1.5x10°m? (b)20x 10*kg m™
Calculate the following and state your answer in scientific notation.
(3 x 10% kg) x (4.0 km)

5x 10? s
State the number of significant digits in each measurement.

(@) 0.0045m (b)2.047m (c)3.40m (d)3.420x 10°m
(@2 (b)4 (3 (d)4]

(2.4x10°kgms?)

Write in scientific notation:

(@)0.0035m (b)206.4 x 10*°m [(@)3.5x 107 m, (b) 2.064 x 10* m)]

Write using correct prefixes:

(@)5.0x10%cm  (b)580x10% g (c)45x10*s [(0.5 km,58kg, 4.5 ms)]
13
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W Kinematics

Student Learning Outcomes

After completing this chapter, students will be able to:

Differentiate between scalar and vector quantities:

[A scalar has magnitude (size) only and that a vector quantity has magnitude and direction.
Students should be able to represent vectors graphically]

Justify that distance, speed, time, mass, energy, and temperature are scalar quantities.
Justify that displacement, force, weight, velocity, acceleration ar r quantities.
Determine graphically, the resultant of two or more vectors:

Differentiate between distance and displacement, speedand city.

Define and calculate average speed [average speed ance travelled)/ (total time
taken)]
Differentiate between average and instantaneo speed shown by speedometer of a

vehicle is the speed at any instant.)
Differentiate between uniform velocity and non -tiniform velocity

Define and calculate acceleration [Inc
formula a = Av /At and using the

that deceleration is negati
Differentiate between unif C
Sketch, plotand int t distance, ti

[Thisincludes deter g from the shape
[(@) at rest, (b)

10 m s=2 for'free fall acceleration
near Earth to solve problems

Analyse the distance travelled in
speed vs time graphs [By
determining the area under the
graph for cases of motion with
constant speed or constant
acceleration]

Calculate acceleration from the
gradient of a speed-time graph

14
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Mechanics is the branch of physics that deals with the motion of objects
and the forces that changeiit.

Generally, mechanicsis 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.

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 considering the force
which causes motion inthem or changesit.

2.1 Scalars and Vectors

Before we study kinematics in detail; we should know about the nature of
various physical quantities. Some quantitiess@re called scalars and the others
vectors.

A scalatisthat physical quantitywhich can be
describédicompletely by itsfmagnitudeonly.

Magnitude includes a number and an appropriate unit. When we ask a
shopkeeper to give us 5kilograms of sugar, he can fully understand how much
quantity we'wantylt is'the magnittide of mass©of sugar. Mass is a scalar quantity.
Some ©ther,_examples of scalagquantities are distance, length, time, speed,
energy and temperature. Scalar quantities can be added up like numbers.

Forexample, 5metres + 3 metres = 8 metres.

On the otherhand,

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

The examples of vector quantities are displacement, velocity,
acceleration, weight, force, etc. The velocity of a car moving at 90 kilometre per
hour (25 ms™") 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.

15
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Representation of vectors

In the textbooks, symbol used for a vectoris a bold face letter such as A, v,
F and d etc. Since we cannot write in bold face script on paper, so a vector is
written as the letter with a small arrow over it, i.e. A, V. F, d. 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 represent the direction, two mutually perpendicular N
lines are required. We can draw one line to represent
east-west direction and the other line to represent o

north-south direction as shown in Fig.2.1(a)" TheW
direction of a vector can be given with respect to these
lines. Mostly, we use any two lines whichuare
perpendicular to each other. Horizontalfine (X' x) is s

called x-axis and vertical line (yy) is called Y-axiS A vector v making an angle ©
(Fig. 2.1-b). The point where theséiaxes meet is knownmytowards north from east
as origin. The origin is usually denatediby O. These axes Fig 2.1 (a)

are also called reference axes. Y F
A vector is drawn starting from the ©rigin, of
the reference axes téwards the given diréction. The X 5 30° X
direction is usuallyagiven by an angle 6 (theta) with
x-axis. Theangle withx-axis is always,measured from )
theright side of x-axis'in the antisclockwise direction. . making angle 30°
Example 2.1 with x-axis
Fig. 2.1 (b)

Draw the velocity vector v; a velocity of 300 ms™

atanangle of 60° to the east of north. ) —
For geographical direction, the

Solution reference line is north — south
whereas for Cartesian coordinate

(i) Draw two mutually perpendicular lines ar
system +ve x-axis is the reference.

indicating N, S, E& W.

(i) Select a suitable scale. If 100 ms' =1cm, N v P
then 300 ms™ are represented by 3 cm line. 60°
(iii) Draw 3 cm line OP at an Angle of 60°
. W E
starting from N towards E. =
(iv) Make an arrow head at the end of line OP.
The OPisthe vectorv. <
16 Fig. 2.2
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Example 2.2

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

Solution Q
() Draw horizontal and vertical lines to represent F
x-axis and y-axis as shownin Fig. 2.3.
(i1) Scale: If 100N =1cm, then Y
60°
350N =3.5cm N X
(@]
(iii)  Draw3.5cmline OQatan angle of 60° with x-axis.
(iv)  Make an arrow head at the end of the line/OQ. The
OQisthevectorF. .
Fig. 2.3

Resultant Vector

We can add two or more vectors to,get a single vector. 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 determinepoth magnitude and direction of the resultant
vector, therefore, it is quite differentifrom that of scalar@ddition. One method of
addition of vectors is the graphigal method.

Addition of Vectors by Gvraphicﬂethoa

Let us add two vectors v, and ‘v, having
magnitudes of 300,\and 400 Nsacting at'angles v§
of 30° and"60%with x-axis. By selectifig a suitable
scale 100"\ = 1cm, we can draw the vectors as
shownin Fig.2.4 (a). X X

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

y Fig. 2.4 (a)
To add a number of vectors, redraw their representative lines
such that the head of one 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.

17
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Measured length of resultant vector is 6.8 cm v/ /v,
(Fig.2.4-b). According to selected scale, IS S
magnitude of the resultant vector vis 680 N and (otb(’ v
direction is angle 49° with x-axis. 60°
We can find the resultant vector of more than -t---
two vectors by adding them with the same way Aggie v

applying head-to-tail rule. X £ 30° %

2.2 Rest and Motion my,  Fig. 2.4 (b)

y

When we look around us, we see many thingslikebuildings, trees, electric
poles, etc. which do not change their positions. Welsay that they are in a state of
rest.

Fig. 2.5 (a)
If a,body does not change its“position with
respectto its surroundin@s, itis said to'be at rest.

Supposefa motorcyclist is standing on the road (Fig. 2.5-a). An observer
sees that he'is not,changing his position with respect to his surroundings i.e., a
nearby building tree or a pole. Hewill'say that the motorcyclist is at rest.

Now let us see what does mation mean? When the motorcyclistis driving
(Fig. 2.5-b), the observer will notice that he is continuously changing his position
with respect to the surroundings. Then the observer will say that the motorcyclist
Isin motion.

If a body continuously changes its position with
respect toits surroundings, it is 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 to the other passengers in the compartment but he is in motion with
respect to an observer standing on the platform of a railway station.

18
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2.3 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 in two 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 speedometer and notices that he has travelled a distance of
320 km. It is the distance travelled by that person. Obviously, it is not the shortest
distance from Lahore to Multan, as the car took many turpsin the way. He did not
travel along a straight line.

The displacement of an object is a vector quantityawhose magnitude is
the shortest distance between the initial andfinalpositions of the motion
and its direction is from the initial positionsto the final position.

We can also call this as the change in position.
Note that displacement is a vegtor quantity B d
whereas distance is a scalar quantity. Following =
example will explain the différence between

distance and displacement. A

Suppose a car travels fromia position A to B¢The curved Ilnelt: |gs the actual path
followed by the car (Fig. 2.6). The total distance covered by the car will be equal to
the length of the curued line AB. Thefdisplacement d is the straight line AB
directed from A"to"B as indicated by the afrow head. The SI unit for the
displacement.is the same as that of distance.

2.4 Speed and Velocity Do You Know?

Brain Teaser! We are often interested 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 Sintimet, its speed v will be

The car while moving| \yritten as: The fastest land

on a circular road mammal (cheetah)
may have constant Distance Vo= S and the fastest fish

speed, but its velocity|  Speed = Time t (sailfish) hﬁvehthe
. . same Ighest
!S changing at every OF S= WVt oo (21) recorded speed of
instant. Why? 110 km h™"

19
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The speed is a scalar quantity. The Sl unit of speedisms” orkmh™.

It is obvious that speed of a vehicle does not remain constant throughout the
journey. If the 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:

Average speed = Total distance covered or . S

Total time taken * t

Example 2.3

An eagle dives to the ground along a 300 m path with an average speed of
60ms™. How long does it take to cover this distanee? For

Solution

Total distance covered = S =300 m
Averagespeed =v, =60ms"
Totaltimetaken=t=7

. . S
Using the equation v,, = 4 Mount st. Helens erupted
or - in 1980, causing rocks to
v, trayel at velocities up to

400 km h”'
putting the values ¢t=300my60ms "' =55 "

Velocity

The speediyofdan object does not tell anything about the direction of
motiof, Totake into account the'dire€tion, the vector conceptis needed. For this,
we have taifind the displacement d between the initial and final positions.

The net displacement 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
displacementd is the straightline AB, then

Displacement - (2.2)

av

Time t

Average velocity =

Velocity is a vector quantity. The Equation (2.2) shows that the direction of
velocity v is the same as that of displacement d. The Sl unit of velocity is alsom s™
orkm h™. Consider the example of a car moving towards north at the rate of
70 km h™' To differentiate between speed and velocity, we shall say that the speed

20
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of car is 70 km h™ which is a scalar quantity. The
velocity of the car is a vector quantity whose
magnitude is 70 km h™ and is directed towards north.

Uniform and Non-uniform Velocity

The velocity is said to be uniform if the speed and Time-lapse photo of

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. st s, B (e

. . . . . e headlights and the
Practically, a vehicle does not move in a straight line lipes are taillights of

throughout its journey. It changes its speed or its icles moving in
direction frequently. The example of a body moving “§ ~ opposite directions.
with uniform velocity is the downward metion of a

paratrooper. When a paratrooper jumps$ from.an‘aefoplane, he falls freely for a
few moments. Then the parachute opens#At this'stage the force of gravity acting
downwards on the paratrooper is_balancedfby the resistance of air on the
parachute that acts upward. Consequently, the paratreoper moves down with
uniformvelocity.

2.5 Acceleration

Whenever the velogity of an“ebject is increasing,iwe

say that the object iS\accelerating. For example, when

a car overtakes afother ong, it accelerates to a greater

velocity (Fig.2.7). In jcontrary to”that “the wvelocity

decreases whehn, brakes are applied fo slow down a

. . . While overtaking, a car

bicycle ona car.Tnboth the cases, aichange in velocity . cejerates to a greater velocity.
occurs. Fig. 2.7

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 velocity is increasing and it is negative if the velocity
is decreasing. Negative acceleration is also called deceleration or retardation.

Acceleration is a vector quantity 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 t its velocity changes to v;, the change in velocity is Av = v, - v, that
occurs in time t. In this case, rate of change of velocity i.e., acceleration will be
average acceleration.
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Change in velocity

Average acceleration=

Time taken
a, = % ............. (2.3)
Equation (2.3) can be writtenas  a,, %

The Sl unit of acceleration is m s,
If acceleration a is constant, then Eq 2.3 can be
written as: v, =V, +at

Uniform and Non-uniform Acceleration

If time rate of change of velocity is constant,
the acceleration is said to be uniform.

Fascinating Snap:
This is a photograph
of a falling apple
dropped from som
height. The images of
apple are captured
by the camera at 60
flashes per second.
The widening spaces
between the images
indicate the
acceleration of the

apple.

If anyone of the magnitude or direction or both ofthémehanges it is called variable
or non-uniform acceleration. In this class, we willysolve problems only for the
motion of the bodies having uniform acceleration and not the variable acceleration.

Example 2.4

A plane starts running fromiest on a run-way as shown in the figure
below. It accelerates down thé run-wayand after 20'seconds attains a velocity of
252 km h™". Determine the dverage accelerationof the plane!

Vi—0 t=0 Vf' t=20s

A

Solution:,,
Initial veloeity = v,=0
Final velocity = v,= 252 kmh™

252 x 10* m »
= T 60x60s - OMS
Timetaken =t=20s
Average acceleration =a,, =7
Using a, = %~ Y%
t
Putting the values
a, _ 10ms’'-0
20s
a,=35ms”
22
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2.6 Graphical Analysis of Motion

A graph is a pictorial diagram in the

form of a straight line or a curve which shows y
the relationship between two physical
quantities. Usually, we draw a graph on a
paper on which equally spaced horizontal and

vertical lines are drawn. Generally, every 10" ' © ’
line is a thick line on the graph paper. In order

to draw a graph, two mutually perpendicular ]

thick lines xox and yoy are selected asx andy Fig. :.8

axes as shown in Fig 2.8. The point where the
two axes intersect each other is knownfas origin O¥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 alon@ y-axis are taken above the origin whereas
negative values are taken belowstheerigin. Normally, the independent quantity
is taken along x-axis and{dependentyvariable quantityialongy-axis. For example,
in distance-time graph, t is indepehdent and §'isdependent variable. Therefore,
tshould be along x-axis and S along y-axiss

To representia physical quantity’along any axis, a suitable scale is chosen
by considefing the minimum and maximum val@ies of the quantity.

Distam Graph

Distance-time graph shows the relation between distance S and time t taken by a
moving body.

Leta car be moving in a 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:

Time
t (min) 0 1 2 3 4 5
Distance
S (km) 0 1.2 2.4 3.6 4.8 6.0
23
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Follow the steps given below to draw a graph on a centimetre graph paper:

(i) Taketimetalong x-axis and distance S along y-axis.

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

(iii) Mark the values of each big division along x 74
andy axes according to the scale.

6.0
(iv) Plotall pairs of values of time and distance by

marking points on the graph paper. §4'8

& 36

(v) Join all the plotted points to obtain a best
straight line as shown in Fig. 2.9. From the T2.4
table, we can observe that car has covered
equal distance in equal intervals of time. This
shows that the car moves with wniform({ | © 1$t(%in)4 > X
speed. Therefore, a straight line graph Fig. 2.9
between time and distance represents motion with uniform speed.

S

Now consider another journey of the car as recorded in the table given below:

Time
t (min) 0 1 2 > ) °
Distance 0 0240™ 0960 4 2160 ¥'3.840 | 6.000
S (km)

Table shows that speed,goes on increasing in equal intervals of time. This is very
obvious from the graphas shown in Fig. 2.10. The graph line is curved upward.

This is the case when the body (car) is movingwith certain acceleration.
A
y

6.000t - -8
N

5.000

4000y .

S (k - ;
km) 3 600 L

T L1101 et AR

115 S /o
Of - I .
Op 1 2 3 4 5 X

v
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2.7 Gradient of a Distance-Time Graph

>

The gradient is the measure of slope Y 4
ofaline.
Consider the distance-time graph of Q
uniform speed again. Selectany two S,
values of time t, and t. Draw two E
vertical dotted lines at t, and t, on T

(S.-$1)

x-axis. These lines meet the graph at
points P and Q. From these points
draw horizontal lines to meet y-axis
at S, and S, respectively as shown in
Fig.2.11. |
Distance covered in this time
intervalis SR A= Fig. 2.11
Time taken -t =t

A
I
I
I
I
:
=]
el

v

t,

The slope or gradient of the graph iSthe measure of t t © of the triangle RPQ:

5 K

From Eq. (2. = v

Slope

Slope

e speed during the time interval t.

Fig ows that n © = slope of graph line, therefore,

Gradient of the distance-
speed of the body.

2.8 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 timet. Thisis called speed-time graph.

e graph is equal to the average

Table
Time t (s) 0 1 2 3 4 5
Speed v
(ms™) 0 8 16 | 24 | 32 | 40

25
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Take t along x-axis and v along v 4

y-axis. Scale can be selected as

1s=1cm (x-axis) 40

and speed 10 ms ' = 1cmalong ~ -

y-axis. »

Shape of the graph is shown in \E/ 24

Fig. 2.12- It is a straight line rising

upward. This shows that speed T —

increases by the same amount i

after every one second. This is a 8 :

motion with uniform acceleration.

Itis also evident from the table. o ] p c ;

t(s)

12

Now consider the speed-time graph (Fig. 2.

The speeds at times t; and t, arefv, and v,
respectively. The change in speediin a time Q/
interval (t, - t1) is (v2 -v4). There @ ----------

V
Slope = =
p o <
( s
or Slope = v
1 p .
Slope . v ()
But = a, the average acceleration. © t >t(s) 2 X
Fig. 2.13
Hence

Gradient of the speed-Time graph is equal
to the average acceleration of the body.

This shows that when a car moves with constant acceleration, the velocity-time
graph s a straight line which rises through same height for equal intervals of time.

2.10 Area Under Speed-Time Graph

The distance moved by an object can also be determined by using its
speed-time graph. For example, figure 2.14 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 Ya
calculating the area under the speed-time % v
graph. The area under the graph for time T
interval t is the area of rectangle of sidest v
andv.This areais shown shaded in Fig.2.14
and is equal to v x t. Thus, area under ©f Fig.2.14 t—»
speed-time graph up to the time axis is Y4
numerically equal to the distance covered Y A
by the objectintimet.

Now consider another example shown in T
Fig. 2.15. Here, the speed of the object ’
increases uniformly from 0 to v in time t.

. . t
The average speed is given by =) Fig. 295 t— B
v O+v _ 1,

av = —

> “2 Wi Exercise

Distance covered = average speed x time = 1/2 ¥ t.

.*
Xy

<Xy

If we calculate the area under speed-time graph, it T v
is equal to the area of the right-angled triangle : N

[0
shown shaded in Fig. 2.15. The base\of the triangle 2 S cyclist B
is equal to tand the perpendicularis equal to v g
Area of atriangle = 1/2 (perpendicular x base) e

= 1/2(vx 1) o
We see that thi§ area is"humerically equal tothe
time—»

distance covered, by/the objectsdutingathestime
intervahtsLherefore, we can saythat: The distance-time graph shows

The ar@a under the speed-time graph up to the |the motion of three cyclists.

time axisVis numerically equal to the distance |(@ Whatdoes each line on the
graph represent?

h ject.
covered byt eObJeCt (b) Which cyclist travelled the
2.11 Solvmg Problems for most distance?
. . (¢) Which cyclist travelled at
Motion Under Gl'aVIty the greatest speed? the
Three equations of motion are used to solve lowest 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 a is the acceleration, then

V,=V, +at  cemmmeemee (1)
S=vt+ % | A ()
R 3)
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While applying these equations, the following assumptions are made:

(i) Motion is always considered along a straight line

(i) Onlythe magnitudes of vector quantities are used.

(ili)  Accelerationisassumed to be uniform.

(iv)  Thedirection of initial velocity is taken as positive. Other quantities which
are inthe direction of initial velocity are taken as positive. The quantities in
the direction opposite to the initial velocity are taken as negative.

2.12 Free Fall Acceleration

When a body is falling freely under the action of of the Earth, the
acceleration acting on it is the gravitational accelerati is'ldenoted by g. The
2

direction of gravitational acceleration is always d Mtsvalueis9.8 ms =,

a straight line with uniform
, so the three equations of

ile using th.ese For Your Information!
d be keptin mind:

(i) If a body is released from some height to fall
freely, its initial velocity v, will be taken as zero.

(i) The gravitational acceleration g will be taken as
positive in the downward direction. All other
quantities will also be taken as positive in the
downward direction. The quantities in the
direction opposite to the acceleration will be
taken as negative.

(i) If a body is thrown vertically upward, the value Acceleration of free fall g is
of g will be negative and the final velocity will be 10ms “forallobjects.
zero at the highest point.
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Example 2.5

An iron bob is dropped from the top of a tower. It 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 = v =0
Acceleration = g = 10 ms?
Time =t = 4s
Height (distance) = S = h = ?
Final velocity = V=7
(a) According to second equation of motion,
S=vt+ %gt2
Putting the values, h=0x4s + . 10 m s2 x (4)% s?
h=80m
(b) From the first equation of motien, we have
vi=Vv, +gt
Putting the values, v, =,0» +,10m s? x 4s £ 40ms”

EXERCISE

A Multiple Chcice Questions

Tick(v') the correct answer.

2.1 Ihenumericalratio of displacement to distanceis:
(@), alwayslessthanone (b) alwaysequaltoone
(c) “always greater than one (d) equaltoorlessthanone

2.2 Aballis dropped from the top of a tower, the distance covered by itin the
first secondis:
(@ 5m (b) 10m (¢) 50m (d) 100m

2.3 Abody accelerates from rest to a velocity of 144 km h™ in 20 seconds. The
distance covered by it is:
(@ 100m (b) 400m (c) 1400m (d) 1440m

2.4 Abodyis moving with constant acceleration starting from rest. It covers a
distance S in 4 seconds. How much time does it take to cover one-fourth
of this distance?
@1s (b) 2s (©)4s (d)16s
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2.5 The displacement time graphs of two objects A and B are shown in the
figure. Point out the true statement from the following: A
(@) Thevelocity of Ais greater than B.
(b) Thevelocity of Aisless than B.
(c) Thevelocity of Ais equal to that of B.
(d) Thegraph gives noinformation in this regard.

—>n
los}

—>t
2.6  Gradient of the speed-time graph is equal to:

(@) speed (b) velocity (c) acceleration (d) distance covered
2.7 Gradient of the distance-time graph is equal to the:
(a) speed (b) velocity  (c) distance covered (d) acceleration

2.8 A car accelerates uniformly from 80.5 kmhy' atet’= 0to 113 km h”
att = 9 s. Which graph best describes the metionof the car?

(a) (b) (9 (d)
v | j v V. 4
t t

B Short Answer Questicis

2.1 Define scalar andvector quantities,
2.2 Give 5 examiples'eachfor scalar andvector quantities.
2.3 State head-to-tailrule for additionof veetors.
2.4 Whatare distance- time graph and speed-time graph?
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 sometimes written in scalar notation (not bold
face). How is the direction indicated?
2.7 A body is moving with uniform speed. Will its velocity be uniform? Give
reason.
2.8 Isitpossible forabody to have acceleration? When moving with:
(i) constant velocity
(ii) constant speed
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C Constructed Response Questions

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

2.2 Foracomplete trip, average velocity was calculated. Its value came out to be
positive. Is it possible that its instantaneous velocity at any time during the
trip had the negative value? Give justification of your answer.

2.3 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)
\4 v
I "2 i I 7, x T
O —y 7 0 —t T, !

2.4 The figure given below shows the distance - time graph for the travel of a
cyclist. Find the velocities for thesegments a, ba
b
4% 8 10 12 14 16 18 20

ime——>t (min)

2.5 Isit possible that the velocity of an object is zero at an instant of time, but its
accelerationis not zero? If yes, give an example of such a case.

D Comprehensive Questions

2.1 How avector can be represented graphically? Explain.
2.2 Differentiate between:
() restand motion
(i) speed and velocity
2.3 What do gradients of distance-time graph and speed-time graph represent?
Explain it by drawing diagrams.
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2.4 Prove that the area under speed-time graph is equal to the distance covered

by an object.

2.5 How equations of motion can be applied to the bodies moving under the

action of gravity?

E Numerical Problems

2.1

2.2

2.3

2.4

2.5

2.6

2.7

Draw the representative lines of the following vectors:

(a) Avelocity of 400 m s making an angle of 60° with x-axis.

(b) A force of 50 N making an angle of 120° with x-axis.
A car is moving with an average speed of 72.km h". How much time will it
take to cover a distance of 360 km? (5 h)

A truck starts from rest. It reaches a velocity of9@km h™ in 50 seconds. Find
its average acceleration. (0.5ms?)
A motorcycle initially travelling at 98.km h™ accelerates at constant rate of
2 ms 2 How far will the motorcycle go in 1@'seconds? (150 m)

A wagon is moving on the fead with a velocitysef 54 km h™". Brakes are
applied suddenly. The wagoh, covers a distante of 25ym before stopping.
Determine the acceleration of the wagon. (-4.5ms?)

A ball is dropped from'the top of a tower. The ball'reaches the ground in
5 seconds. Find the height of the #g6wer and the velocity of the ball with
which it strikéSthe ground. (125m,50ms™)

A cricket ball is hit so that it tfavels straight up in the air. An observer notes
thatyit took 3 seconds toireach the highest point. What was the initial
velogity of the ball? If the ball'was hit 1 m above the ground, how high did it

rise from the ground? (30ms", 46 m)
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Chapter

+_ Dynamics 4

Student Learning Outcomes

After completing this chapter, students will be able to:

[llustrate that mass is a measure of the quantity of matterin an object
Explain that the mass of an object resists change from its state of rest or motion (inertia)

Describe universal gravitation and gravity. State Newton's Law of gravitation. (Include
problems related to gravitation.)

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

planet's gravity, and use w = mg]

Define and calculate grawtatlonal field strength [This i eing able to state that a

gravitational field is a region in which a mass experlenc due to gravitational
strength (g) as force per
mass g = w/m (and know

attraction. Students should be able to define gravit
unit mass use the equation gravitational field streng
that this is equivalent to the acceleration of f D]

Represent the forces acting on a body usin
State and apply Newton's first law

Identify the effect of force on velocity [It may ch
its direction of motion or its speed]

Determine the resultant of two or moreforces acting in the lane.

State and apply Newton' s seco sof acceler

State and apply Newton'

Explain with examples h rces of the same type
ts

he velocity of an object by changing

acting on different objec
Analyse the d|$$|p effect offriction
Analyse the dynam csof an object reachln

ationImpulse= FAt =mA4V]
of momentum to solve simple problems in one

Define resultant force in terms of momentum.

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
moving body at another time 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.
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3.1 Concept of Force

A common 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 or pull it by
applying force. When we are sitting in a car, we push
against the seat as the car turns round a corner.

Fig. 3.1

Force transfers energy to an object. Take the example of a man who moves
a wheelbarrow with its load. The man first appliesforceto lift it and then applies
force to push it (Fig.3.1). He applies a different @mountsof force on each handle
when turning the wheelbarrow around the corner inorder to keep it from tipping
over. The examples of forces acting on us-aré'the force of gravity acting downward,
the force of friction which helps us to walk onghe'ground and many others.

3.2 Forces in a Free- Body Diagram

External forces acting onian object smay

include friction, gravity, Aotmal*ferce, drag,gension Applied force
—_—

in a string or a humandforce dueito pushing.er pulling.

Suppose a bookis pushed over the surface of
a table top_as showniin Fig.3.2(a). Then\how can we
represent the,forees acting on thie bady using free-
body diagram?

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

Usually, the object is represented by a box and

Fig. 3.2 (a)

Normal force
3

the force arrows are drawn outward from the centre giction

of the box in the directions of forces as shown in
Fig.3.2(b). The length of a force arrow (line) reflects
the magnitude of the force and the arrow head
indicates the direction in which the force acts. Each
forceislabelled to indicate the exact type of force.
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Applied force

>

Weight
Fig. 3.2 (b)
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3.3 Newton’'s Laws of Motion

Newton'’s First Law of Motion

Do You Know?

Sir Isaac Newton was born

It is our common observation that a force in Lincolnshire on January
is required to move or to stop a body. A book 4, 1643. The name of his
placed on a table remains there unless a force is famous book is “Principia

Mathematica”.

applied to move it (Fig.3.3). 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 firstgdaw of
motion which states that:

A body continues its state of rest or of unifefm
motion in a straight line unless acted upon by
some external force. Fig. 3.3

When a fast-moving bus stops suddenly, the passengersitefd to bend forward. It
is because they want to continue their motion. Onithe other hand, when the bus
starts moving quicklyfrom rest, the passéngers are pushed back against the seat.
This time, the tepdengy ofipassengersisto retaintheir state of rest.

Accotding, to first law ofgmetionyabus 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. Itigpecause 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 where no force is acted upon it, the object
would continue to move forever with constant velocity.

The first law of motion also provides us another definition of force which is
stated as follows:

Force is an agency which changes or tends to change
the state of rest or of uniform motion of a body.

In simple words, we can say that force causes acceleration.
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Property of Inertia
A net force is required to change the velocity of
objects. For instance, a net force may cause a
bicycle to pick up speed quickly. But when the same
forceis applied to a truck, any change in the motion
may not be observed. We say that the truck has
more inertia than a bicycle. The mass of an object is
a measure of its inertia. The greater the mass of an
object, the greaterisitsinertia.

The property of a body to maintain its state of rest or
of uniform motion in a straight line is called inertia.

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

first law, this law is sometimes calledyasflawhof | When the table cloth is pulled
inertia abruptly, the objects remain in

their original position on the

Newton’s Second Law ofA I\*ion table.

Newton's first lawdndicates that'if no net forcejacts onan object, then the
velocity of the object remainsyunchanged.4The 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 a net external force acts upemya Body, it accelerates the body in the
direction offforcesThe magnitude of acceleration is directly proportional to
the magnitéide of force and is inversely proportional to the mass of the body.

If a net force of magnitude F acts on a body of mass m and produces an
acceleration of magnitude g, then the second law can be written mathematically
as:

and aoc F
1
a oc—
m
So a Oci
m
or a = (constant)i
m

According to Sl units, if m=1kg, a=1m s?, F=1N, then the value of the
constant will be 1. Therefore, the above equation can be written as:
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a-= 'I><i

m
or F=ma ... 3.1

First law of motion provides the definition of force, i.e., 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
accelerationinabody of known mass. The Sl unit of force is newton (N).

One newton is the force which produces an
acceleration of 1 ms™?in a body of mass™Tkg.

From Eq 3.1 TN = 1kgms®
Effect of Force on Velocity

Newton'’s second law also tells thats@ force can change the velocity of a
body by producing acceleration or deceleration in it. As velocity is a vector
quantity, so the change may be in its magnitude, direction or in both of them.

Newton’s Third Lam(oj m} '

Whenever there is aniinteraction betweéentwo bodies

A and B, such that therbody A'exerts a force;on body,B, the A
force is known as actiomof A on B. In response to this action,
the body B exertg a foree on'the body A. This force is known as
reaction of Bien As For,example, when'we press‘a spring, the
force exerted byyour hand on theyspring is action. Our hand
also expetiences aforce exerted by the spring. This is the force / \
of reaction(Fig.3.4). Newton expressed these action and { )
reaction forces in his third law of motion. It is stated as: *

For every action, there is always an equal and Fig. 3.4
opposite reaction. Do You Know?
Since, action and reaction do not act on the ] R

same body but they act on two different bodies, so €

they can never balance each other. Thus, Newton's
third law can also be expressed as follows:

If one body exerts a force on a second body,
the second body also exerts an equal and
opposite force on the first body.

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

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 notice the other force involved. Here
are some examples of pairs of forces involved in accordance with Newton's third
law of motion.

(i) Considerablocklying on atable asshowninFig. 3.5.

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

e bullet moves in the forward direction
e gunrecoilsin the backward direction

Look at the photographs below. Identify the pairs of forces acting in each
photograph.
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3.4 Mass and Weight

Commonly, we consider mass and weight as the same quantities but
scientifically, mass and weight are two different quantities. When we say that the
weight of this objectis 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 khown as mass of the body.

Mass is a scalar quantity. It remains the same everywhere. Practically, mass
is measured by an ordinary balance. The 8l'unit of mass is kilogram (kg).
Weight is a gravitational force actifig on the object. It is a vector quantity

directed downward, towards the centre of the'Earth.

The weight of afh objectis equal todthe fofée with
which the Eafth‘attracts the bodyftowardsyits€entre.

Gravitational Force

An apple falling down from a tree is one of the best
examples of gravitational force (Figa3.7)»When we throw
an object upwarditsis the gravitational force of the Earth
that bringstitaback to the Earth.lnffact, the gravitational
force is amyattractive force that exists among all bodies
which have“mass. It is a long-range force given by
Newton's law of gravitation:

m7m2
F=G r? Fig. 3.7

where m, and m, are two masses distant r apart and G is constant of gravitation.
Ilts value is 6.67 x 107" N m’kg™. The Sun's gravitational force keeps the Earth and
all other planets of our solar system in fixed orbits. 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
adownward force called its weight due to attractive force of the Earth also known
as gravity.
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Gravitational Field

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 of the Earth exerts a force known as its weight w given by w =m g,
where g is the gravitational field strength. Its valueis T0N kg™

As the value of g varies from place to place and also with altitude,
therefore, the value of weight does not remain the same gverywhere.

It varies from place to place according toyvariationfin 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 a given“location by comparing their
weights. The weight cannot be measured by/an ordinary balance. A spring
balance can be used to measure thefweight. The Sl unit of weight is newton (N).

Example 3.1

A force of 7500 N¢isyapplied to movega truck ofimass 3000 kg. Find the
acceleration producged in thetsuck. How long will'it, take to accelerate the truck
from 36 kmh™ to 72%kmh™ speed?

Solution
Mass of truck = m = 3000kg
Force applied = F = 7500N
Acceleration =a =7
Initial speed =v, =36kmh”
_36x1000m _ 0ms
60 x 60s
Final speed = v, =72kmh’” ~72x7000m _ 54 g
. 60 x 60s
Time =t =7
By Newton's second law, F =ma
_ F
or a=—
m
Putting the values, a = 750N _ 55 5
3000 kg
40
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Now, using first equation of motion,
Vi = v, + at
Vi = Vi
a
20ms'—10ms’' _
25ms” -

or t =

Putting the values, t = 4s

When a cricket ball is hit by the bat, it moves on the ground with a
reasonably large velocity. According to Newton's first law of motion, it should
continue to move with constant velocity. But, practigally;"we observe that it
eventually stops after covering some distance. Doesyanyiforce act on the ball in
opposite direction that stops the ball? Yes, it is thexforce,of friction between the
ball and the ground that opposes the motion of the'ball:

[/

Dissipative Effect of Friction

Friction is a dissipative forcefdue to which the energy is wasted in doing
work to overcome against friction. The lost energy appears in the form of heat.
A very common example ofienergy dissipation. is
the rubbing of hands (Fig.3.8)-MWhen we rub odr hands;
heat is produced due to friction and our hands beecome
warm. Similarly, thetemperature of maghines rises due
to friction betweeh'its maving parts that'can cause many
problems. The ‘tyres jof vehiclesgalso ‘wear out after \
becoming tooyhot*due to friction between tyres and

Fig. 3.8 Rubbing hands
road. J 9

Shooting of stars seen in the sky at night also happen due to friction of air.
These are actually asteroids that enter the Earth's atmosphere. As they are
moving, air resistance causes generation of heat. Their temperature becomes so
high that they start burning and ultimately disintegrate.

Do You Know?

On a wet road, the water does not form
wet layer between the tyre surface and the road
surface due to the spaces in the tread pattern on
the tyre. This reduces the chances of skidding of
vechicles on wet roads.
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Sliding Friction

The friction between two solid surfaces is called sliding friction which can
be divided into two categories.

1. Static friction 2. Kinetic friction
Static Friction F.

Let us consider the motion of a block F, I F=T
on a horizontal surface. The arrangement is ] >
shown in Fig. 3.9. When a weight is put in the ' '
pan, a force F = T equal to the sum of this 1mg
weight and weight of the pan acts on the
block. This force tends to pull the block. At Fig. 3.9
the same time an opposing force appears ForYour ‘nformation!
that does not let the block move. fThis gs cancling
opposing force is the static friction F.. toja vertical surface,

ch as this leaf,
ecause of the static
If we go on adding more Weights in fricti tween

the pan one by one in small stgps, aistage will their
come when the block starts'sliding on the %ce.

Kinetic Friction

horizontal surface. This is the limit of stati€ friction that is equal to the total
weights including pafn. When the block issliding, friction still exists. It is known as
kinetic friction.

& ! ‘ (o] ow

When ashuttle re-enters thé Earth/s atmosphere, the friction caused by the
atmosphere raises the surfacetemperature of the shuttle to over 950°C.

» Do %u Know?

Friction in human joints is very low because
our bodies contain a natural lubricating

system. Consequently, though our bones Bones< - Lubrlcgtlng
rub against each other at the points as we Fluid
move, yet bones do not normally wear out,

even after many years of use. Knee joint

Rolling Friction

The static and kinetic friction which we have studied so far is the sliding
friction. There is another type of friction which is called rolling friction. When an
object rolls over a surface, the friction produced is called rolling friction. The idea
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of

ro”ing friction s For Your Information!

associated with the Practically, the contact point is
concept of wheel. In our  not perfectly circular; it becomes
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 Wheel has the tendency to slide
compared to a body of the
same size without wheels.

against the surface and does
produce a frictional force.

Ball bearings also play the same role as is played by the wheels. Many machines
in industry are designed with ball bearings so that the moving parts roll on the
ball bearing and friction is greatly reduced. The rolling friction is about one
hundred times smaller than the sliding friction.

The reason for the 2RI AT

rolling friction to be less
than the sliding friction is
that there is no relative
motion between the
wheel and the surface
over which it rolls. The

A hovercraft is a ki
that can m
surface of wa

wheel touches the, a
surface only at a point. It ° % shion of air witich
does notslide. y smallres e.

undernéath by powerful
fans forming a cushion of
i ercraft mov

Methods to Wriction { 4

The followifig methods are used tosf@ducefriction:

(i)
(ii)

(ili)

(iv)

The partswhichslide against each other are highly polished.

Singe, thefriction of liquids isiless than that of solid surfaces, therefore, oil
or grease is applied between theimoving parts of the machinery.

As rolling friction is much less than the sliding friction,

so sliding friction is converted into rolling friction by

the use of ball bearings (Fig. 3.10) in the machines and

wheels under the heavy objects. Fig. 3.10
Frictional force does not act only among solids, high speed vehicles,
aeroplanes and ships also face friction while moving 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 air or water friction. In this case, the air passes smoothly over the
slanting surface of vehicle. This type of flow of air is known as streamline
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flow. A streamline flow over the car is
shown in Fig. 3.11. The vehicles
designed pointed from the front are
said to be streamlined.

Terminal VE|OCity Fig. 3.11 Streamline air flow over a speedy car

When an object falls freely, it is accelerated by an amount g = 10 m s, But
practically the acceleration may be different. Air resistance plays an important
role in determining how fast an object accelerates when it falls.

If we drop a cricket ball and a piece of Styrofoam©f the same weight from
a certain height, they will hit the ground at the sametime@nly,if there were no air
resistance. Both would fall with the same acceleration,g = 10 m s™. Practically,
the ball in air, would drop faster. The Styrofoam(hayingyarger surface would face
greater opposing force of the airand 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 fefce of air resistance
balances the downward forge™ef gravity. Whentthis
happens, the object stops.accelerating. It keeps fallingiat
a constant velocity. This constantwélocity achieved by an
object is called its terminal velocity. Even aheavy object
like a meteorite does'not gain an infiite velocity as it
falls to the Eartht

This “principle applies 4o paratredpers. Air
resistafiéemacting, against the largefsurface area of a Fig- 3.12 .

. . A paratrooper falling with
parachuteallows for descent at a safer velocity (Fig.3.12).

terminal velocity
3.6 Momentum and Impulse

Suppose that a bicycle rider and a heavy truck are moving with the same
speed, which one can be stopped easily, depends on the quantity of motion of
the moving body. It is our common observation that quantity of motion in a
moving body depends on its mass and velocity. Greater is the mass, the greater
will be the quantity of motion. Similarly, greater is the velocity, the greater will be
quantity of motion. This quantity of motion is called momentum and denoted by
p.ltisdefined as:

The momentum of a moving body is the product of its mass and velocity.
Therefore, P=MXV e (3.2)
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Like velocity momentum is also a vector quantity. The SI unit momentum is
(kgms™). It can also be written 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 atime interval A t, the average accelerationais given by

_AV YV,

N - AL 3.3)

According to Newton's second law of motionjthe valye of average force
acting during the interval A t will be:

F =ma-= m(A—v)
At
or F x At = mAv) = m (V,—v) (3.4)

Equation (3.4) shows that E'and A t cannot be_exactly known but their
product which is equal to thegchange of momentumy(mv, — mv) can be
calculated. For such cases, the product F x A tis calledasImpulse of the force.

When a large force F acts oman object for a'shortiinterval of time, the impulse
of the force is defined as the total ghange in momentum of the object.

Dividing bath sides of Eq.3.4 by At wehave

m(A:
g - mAv
At
where m(Av)’is the change in momentum Ap. Equation (3.5) gives the value of
force in terms of momentum i.e., force acting on an object is equal to the change
in momentum of the object per unit time.
A
F=2=P
At
Equation (3.6) suggests to define Newton’s second law of motion in terms of
momentum i.e.,

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

The direction of change in momentum is that of the force.
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For Your Information!

A cricketer draws his The arrow penetrates into the apple,
hands back to and in response, the momentum of
reduce the impact the apple changes. Conversely, the
of the ball by apple applies an opposing
increasing the time. force to the arrow, and in

response, the momentum of the arrow changes.

Packing of Fragile Objects

Fragile objects such as glassware may break easily du
jerks or by the direct impact with hard objectsidu
their transportation.

To protect them soft, packing materials a
these objects. These materials reduce

acting on the fragile objects
oam, corrugated cardboard

change in momentum. Consequentl
is greatly reduced. Special materials
sheets, bubble wrap are used for the packi

A crumple zone
automobile is a stru
feature designed tedccompre
during an acciden sorb
deformation e % rom the
impact. iCce crumple
zon in front an
behind "of the main body of
the vehicle:
Crumple zones work by managing crash energy absorbing within the outer
parts of the vehicle, rather than being directly transmitted 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 3.2
A cricket ball of mass 160 g is hit by a bat. The ball leaves the bat with a
velocity of 52 ms™. If the ball strikes the bat with a velocity of -28 m s™ (opposite
direction) before hitting, find the average force exerted on the ball by the bat.

The ball remains in contact with the batfor4 x 1073 s.
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Solution

Mass of ball m =160g =0.16kg
Initial velocity v, =-28ms’”
Final velocity v, = 52ms”
Time of contact t=4x10"3s
Average force F=7?
From Eqg. (3.6), we have
_m(v,—v)
_ St
Putting thevalues,F 016 kg [52 m 1 (28 'm sy
4%x103s

or F = 3200 N

3.7 Principle of Conservation of Momentum

. . . , , V1 V2
The collection of objects is known as a 'system'dlf no —=> —

external force acts on any object of the system, it is O Q
known as isolated system. Considerasystem of twog ™" n:: F
balls of masses m; and ;. Suppose that the balls X
are moving with velocitiesw, and,vs along a straight

line in the same digection. Ifw, > v, , the balls will " v,
collide as shown ingFig. 3.13. If their velocities — O
become v, , and ¥, respectively after collision, then O

Total momentumof the system beforeécollisien” = m;v,; + myv,  Fig. 3.13
Total momentumof the system after€ollision = myv, + myv,

The principle of conservation of momentum states that:

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

This means that:

Total momentum of the Total momentum of the
system before collision ~ ~ system after collision
or mivs + Mmsv, = m1\?1 + mz\?z

To explain this principle, let us consider the collision of two identical balls
in which the second ball is at rest.
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. . . . V1 Vo =
When there is collision of two balls, there is - Q 2

a transfer of momentum from one ball to another. P

The ball at rest gains momentum and starts

moving whereas the striking ball slows down. If Vi=o g -y
2 = 1

the balls are identical, we will observe that there is O Q >

a total transfer of momentum. The striking ball

comes to rest and the other ball starts moving

with the same speed (Fig. 3.14). 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 mopfehtum

of the two balls after collision remains the samfie as [ When a moving car stops
suddenly, the passengers move

total momentum before collision. forward toward the windshield.

The principle of conservation ofgmomentum is
applicable not only to macro-objectsibut also for
micro-objects like atomsiand molecules.

Example 3.3

A ball of massy3 kg moving with a velocity'of 5 m s collides with a

stationary ball of mass\2 kg and then both of them move together. If the friction is
negligible, find outthe velocity with which'Beth the balls will move after collision.

Solm

Mass of first ball =m,=3kg

Velocity of first ball before collision =v,=5ms"

Mass of second ball =m,=2kg

Velocity of second ball before collision  =v,=0

Velocity of both the balls after collision  =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 mivi+m,v, = (M +m,v

Putting the values,
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3kgx5ms'+0 = (3kg+2kg)v
15kgms™ = 5kgxv

v =3ms’

EXERCISE

A Multiple Choice Questions

3.1

3.2

Tick (v) the correct answer.

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

(@) inertia (b) velocity  (c) momentum (d) reaction

An object will continue its motion with constant acceleration until:

(a) theresultant force onit begins to decrease.

(b) the resultant force onitis zero.

(c) theresultant force on it beginsto inerease!

(d) the resultant force is at right angle to its tangential velocity.

A ball with initial momentumgp hits a‘solid wall and bounces back with the
same velocity. Its momentumyp” after collisionaifibe:

@p'=p  (b)pi=—p (©p'=2p (dp'=-2p

A particle of mass mimovingwith a velogity v collidesiwith another particle
of the same mass at rest. The velocity 6f theffirst particle after collision is:
(@) v (b) —v (©0 (d)y=1/2

Conservationief linear momentum is equivalent to:

(a) Newton's first law of motion, “(b).Newton's second law of motion
(e).Newten'sthird law ofmotion  (d) None of these

Allarge force acts on an object for a very short interval of time. In this case,
itis easy to determine:

(a) magnitude of force (b) time interval

(c) product of force and time (d) none of these

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
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B Short Answer Questions

3.1 Whatkind of changes in motion may be produced by a force?

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

3.3 Defineimpulse of force.

3.4 Whensitting in a car which suddenly accelerates from rest, you are pushed
backinto the seat, why?

3.5 Theforceexpressedin Newton's second lawis a netforce. Why isitso?

3.6 How canyoushow thatrolling friction is lesser thanthesliding friction?

3.7 Defineterminal velocity of an object.

3.8 An astronaut walking in space wants to return te,hissspaceship by firing a
hand rocket. In what direction does he fire the rocket?

C Constructed Response Questions

3.1 Inflatable airbags are installed in the vehigles as safety equipment. In terms
of momentum, what is the adv@ntage of airbags over seatbelts?

3.2 When acricket ball hits high, afielder tries to catch it: While holding the ball
he/she draws handsibackwardyWhy?

3.3 When someone jumps from a/small boat@nto theliver bank, why does the
jumper often fall into thewater? Explain.

3.4 Imagine that iffriction vanishes suddenly from'everything, then what could
be the scenariojof daily life activities?

D Comprehensive Questions

3.1 Desecribe Newton's laws of mation.

3.2 Defineymomentum and express Newton's 2nd law of motion in terms of
change in momentum.

3.3 State and explain the principle of conservation of momentum.

3.4 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?

3.5 Explain the effect of friction on the motion of vehicles in context of tyre
surface and braking force.
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E Numerical Problems

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

A 10 kg blockis placed on a smooth horizontal surface. A horizontal force of
5Nis applied to the block. Find:

(a) the acceleration produced in the block.

(b) the velocity of block after 5 seconds. (0.5ms?225ms™)
The mass of 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 1.6 ms™. (800N, 128 N)
What force is required to increase the velocity of 800%g,car from 10 ms™ to
30msin 10 seconds? (1600 N)

A5 g bullet s fired by a gun. The bullet moves with aVefocity of 300 ms™. If
the mass of the gunis 10 kg, find the recoil§peedofthe gun.  (-0.15ms™")
An astronaut weighs 70 kg. He throws a wrefich/of mass 300 g at a speed of
3.5ms™". Determine:
(a) the speed of astronaut as he recoils away from the wrench.
(b) the distance covered by the astronaut in 30 minutes.
0-15%x10%ms ', 27m)
A cyclist weighing 55 kgfridesabicycle of mass5kg. He starts from rest and
applies a force of 90MNfor8seconds. Thern he continués at a constant speed
foranother 8 seconds. Calculate the total distance travelled by the cyclist.
(144 m)
A ball of mass 0 kgris dropped on the flodr from a height of 1.8 m. The ball
rebounds straight upward tefaheight,of0.8 m. What is the magnitude and
direction'ef the impulse appliedto the ball by the floor?
(4 N s, upward)
Two balls of masses 0.2 kg and0.4 kg are moving towards each other with
velocities 20 m s and 5 m s™' respectively. After collision, the velocity of
0.2 kg ballbecomes 6 ms™. What will be the velocity of 0.4 kg ball?
2ms’)
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“***"* Turning Effects of Force

Student Learning Outcomes

After completing this chapter, students will be able to:

-  Differentiate between like and unlike parallel forces.

«  Analyse problems involving turning effects of forces [Student should know that
moment of a force = force x perpendicular distance fromthe pivot and be able to use
this in simple problems and give examples and applieations of turning effects in real
life]

+  Statewhatis meant by centre of mass and centre of gravity.

«  Describe how to determine the position of the centre of gravity of a plane lamina
using a plumbline

. Describe and identify states of equilibrium.[Fhis includes the types, conditions and
states of equilibrium and identifying their examples from.daily life.]

«  Analyse, qualitatively, the efféct.ofthe position of the’centre.ef.gravity on the stability
of simple objects

e Propose how the stability offan"object can e‘improved by lowering the centre of
mass and increasing the base area of the object]

e lllustrate the applications of stability physics in real life [Such as this concept is central
to engineéringtechnology such as balancing toys and racing cars

e Prediet qualitatively the motion “of rotating bodies [Describe qualitatively that,
analogous to Newton's 1st'law for'transnational motion (, an object that is rotating
will contintie to do so at the same rate unless acted upon by a resultant moment (in
which case it would begin to accelerate or decelerate its rotational motion)]

«  Describe qualitatively motion in a circular path due to a centripetal force. (Use of the
formula F, =1¥)

« ldentify the sources of centripetal force in real life examples [e.g., tension in a string
forastone being swirled around, gravity for the Moon orbiting the Earth]

As we know, a force is a vector quantity, so it acts in a particular direction.
We observe 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 otheracting in opposite directions.

All those forces which act parallel to one another are known as parallel
forces. The points of application of such forces may be different.
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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 another, they
are called unlike parallel forces. Three forces F,, F,
and F, are shown in Fig. 4.1 acting on a rigid body at
different points. Here, the forces F, and F, are like
parallel forces but F,and F, are unlike parallel forces. Fig. 4.1

4.2 Addition of Forces
In chapter 2, we have learnt about vecto ir representation.
Remember that the resultant is the same for any@rder of addition of vectors. As
forces are vectors, so forces can also be a b—tail rule.
To determine the resultant of two o e'forces acting in a plane, the
following example will explain its method.

Example 4.1

Let us add three force
300 N and 250 N actin
suitable scale TO0 N = 1¢
the force vectors as'shown in

To add the tors, we apply f
head-to-tail rul hown in Fig. 4. y N
& (¢]
60
s/ o/ F
N O
y A %9
F2
Fs 45°
607 IS5 A
4 F, 430” F,
, 30° ) 30°
X O X X 0 X
y Fig. 4.2 (a) y Fig. 4.2 (b)

Measured length of resultant force is 7.1 cm. According to selected scale, magnitude
of the resultant force Fis 710 N and direction is at an angle 43° with x-axis.
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4.3 Turning Effect of a Force

We have learnt 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 to
extend our concept to the turning effect of a force. When we open or close a
door, we apply force. This force rotates the door about its hinge. This is called
turning effect of force. Similarly, we use turning effect of force when we open or
close awater tap. Let us define some terms used in the study of turning effect of a
force.

If the distance between two points of the body remains the same under
the action of aforce, itis called a rigid body. Ais of rotation

During rotation, all the particles of the rigid bedy
rotate along fixed circles as shown in Fig. 4.3. The straight
line joining the centres of these circles is galled the axis of
rotation. In this case, itis OZ. To observe theturning effect
of aforce, let us perform an activity.

Activity 4.1
Tal.<e you.r class to pIaY ground .whe.re Pivot
a see-saw is available. Let adighter childisits a - -
on the left side and the heavier one on/the Momentarm A Moment arm

right side of the see-saw. The“distances of

both the children from'the pivot should be equalsfhe force exerted by each child is equal to his
weight acting downward-3Does the heavier ¢hild move down? Yes, because he is exerting
larger force. Now/moveithe heavier child nearer to the pivot and the lighter child away from
the pivot as shewniin the figure. Ask thestudentsiwhatdo they observe?

Youwill 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 magnitude 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
greaterisits 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 is 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 turning or rotational
effect of a force. It is harder to open a door by pushing it at a point closer to the
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hinge as compared to push it at the handle (Fig. 4.4). That is why, door or window
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 spannerif you hold it closer such as

point Athan point B (Fig. 4.5). T
A

Nut

Fig. 4.5

Moment of Force

The turning effect of a force is measured by‘a
quantity known as moment of force or torque.

Moment of a force or torque is defiped as the

BTF'

product of the force and the moment/arms Fig. 4.6

The magnitude of torque is given by

T=Fx¢ . 4.1

Where 1 (tau) is the torque and #is
the moment arm. In Fig:4.6,"the line of
action of a force F is perpendicular to r,
therefore, moment atm ¢ = r. Remember

4[ Do You Know? Ji

Moment of force is
applicablefin the working
of bottle opener. A small
force applied ats{longer
moment armyproduces
moregtorque while
opening abottle.

that the torque of aforceiszero when the line ofiaction of a force passes through
the axis offrotation, because itsgmMoment asm becomes zero. The torque is
positive.if theforce®tends to produce an anticlockwise rotation about the axis,
and it istaken as'negative if the for€e tends to produce a clockwise rotation. The

Slunit of torgue is newton 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 component 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) force F (Fig. 4.8).

FsinG -

F

Fig. 4.7 55
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For this, we need to know the method of finding rectangular components of a
force orany vector. Thisis also called as resolution of Forces.

Couple

A couple is a special type of torque. We observe at many situations in our
daily life, when two equal and opposite parallel forces produce torque. For
example, while opening or closing a water tap,
turning key in the lock, opening the lid of a jar and
turning steering wheel of a motor car, we apply a
pair of equal forces in opposite directions. The
torque produced in this way in known as couple.

Fig. 4.9

When two equal and opposite parall &Eat two
different points of the same W they f a couple.

A steering wheel of vehicles‘

While turning a vehicle, a couple is applied on the stéering
wheel. It is interesting to know that now-a-days, steering
wheels of smaller diameter are installed invehicles. The reason
is that, most of the vehicles are proyvidedwith power steeringdn
which a pump pushes hydraulic fluid to reduce theforce
needed to turn the wheels, resulting ineffortless steering.

Example 4.2

A spanner25iemieng is used to Open a niit. If a force of 400 N is applied at
the end of aispanner shown in Fig. 4910, what isthe torque acting on the nut?

Solution...

LengthofSpanner ¢ = 25cm=025m F
Force = F=400N
Torque T=71 Fig. 4.10
FromEq. (4.1), T=Fx¢
Putting the values, t=400N x0.25m=100Nm

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 also 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 components is known as resolution of a force.
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Usually, a force is resolved into two Beam of light
components which are perpendicular to
each other. These are called its perpendicular R
orrectangular components of the force. Y

Let us resolve a force F into its Bk
perpendicular components. A force F acting
onabodyatanangle 6 with x-axis is shown in F
Fig.4.11(a). Imagine a beam of light is placed g
above the vector F. As the light falls 0
perpendicularly to the x-axis, it will cast a 0 3
shadow OAof vector Fonto x-axis. We call Fig. 4.11(a)
this shadow as x-component of vector F. In
the same way, if lightis thrown perpendicular
to y-axis, the shadow OB of vector F on y#axis
isthe y-component of F. F F,

A component of a vector is ik\ )6 > «
effective value in a given dipe€tign: O F, A
e Fig. 4.11(b)

C

Y

Y
>
<

The x and y components*an be pra¢tically drawn simply by dropping
perpendiculars frofa¢the tip“of vector Fmento x and y-axes respectively. The
x-component of force Ris denoted as F and y-componentas F,.

From Fig.4.11(b), it is evident thatF is the resultant vector of components
F.and F,. Moreover,£E¢and F, are perpendictlar to each other. Therefore, F and F,
are called'perpendicular components of vectorF.

Theymagnitudes of the perpendicular components can be found from the

rightangledtriangle OACin Fig.4.11(b). 4 DoYouKnow? |
A _ cos0
OoC
Putting the values, ~ = cos0
or F.=Fcos6 ... 4.2)
Similarly, AC _ sin®
OC N
F ] A tight rope walker balances himself
f =sin6 by holding a bamboo stick. This is an
or F =Fsind 43) application of principle of moments.
y =0 21TV see sees .
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4.5 Determination of a Force from its
Prependicular Components

The magnitude and direction of a force can be found if its perpendicular
components are known. Applying Pythagorean theorem to the right angled
triangle OAC (Fig.4.11-b).

(OCy= (OA)" +(ACY
or F* = F* + F°

X

= JF2+F; '
Hence, using Eqg. (4.4) the magnitude F of\%l vector F can be

determined. The direction of Fis given by
tan 6 = —~ ....... 4.5)

or

= tan’ (
By using table of trlgo atios or calg

determined.

he value of § can be

Example 4.3

A force of 1 is actlng on a wooden box at an angle of 60° with the
horizontal d|re |ne the valles of its xand y components.

Solutio
Magni =160
Angle 6 60°
Using calculator, sin® =sin 60°—O 66

cos® =cos60°=
x-componentis given by Eq. (4.2)
F.=Fcos©
Putting thevalues, F,=160Nx0.5=80N :
y-component is given by Eq. (4.3) t Fig.4.12
F,=Fsin6
Putting thevalues, F,= 160N x0.866 = 138.6 N

y

F sin®

4.6 Principle of Moments

To understand the principle of moments, let us perform an activity.
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Activity 4.2
Balance a metre rule on a wedge at its centre of gravity such that the metre rule
stays horizontal. Suspend two weights w, and w, on one side of the metre rule at distance ¢,
and ¢ from the centre and a third weight w, on the other side at distance ¢ until the rule is
again balanced.

CG

=, =, B

The weights w, and w, tend to rotate the rod anticlock about CG and the
weight w, tends to rotate it clockwise. The values of th tsof the weights are

W1x[1+W2[2= W3><f3

This is known as principle of moments,

When a body is in balan |
any point equals

Example 4.4

A metre stiek,is‘pinned at its one end Qqon a table so that it can rotate
freely. Oneforce of magnitude 18 Niis applied perpendicular to the length of the
stick at its freeilenduAnother force of magnitude 60N is acting at an angle of 30°

with theistick'@asshown in Fig. 4.13(@). At what distance 60
from the end of stick that is pinned sheuld the second — d—> _30°
force act such that the stick does not rotate? O'< —— '1 (') n: ——
g ' y
Solution Fig4.13() 18N

Weight of the stick does not affect in the horizontal plane. Resolving
force Fof magnitude = 60 N into rectangular components that act at distance
dfrompointo: 60 N
F, = 60Nxcos 30°= 60Nx0.866 =51.96N Fy“//F';
F, = 60Nxsin30° = 60Nx05  =30N sl € (Y

As the component F, passes through the axis <———d'=1.0 m——| .
of rotation, its torque is zero. Torque T, of 30 N is Fig 4.13(b) 18N
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positive and T, of 18 N force is negative. The stick will not rotate when these two
torques balance each others,ie  1,=71, or F,x d=F,'x d'
30N x d=18N x1m
d = T8N x1m
30N

4.7 Centre of Gravity and Centre of Mass

An objectis composed of a large number of small particles. Each particleis
acted upon by the gravitational force directed towards the centre of the
Earth (Fig. 4.14-a). As the object is small as compared to the Earth, the value of g
can be taken as uniform over all particles. Therefare, eachsparticle experiences
the same force mg. Since all these forces are pakallel 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 .i.e,

Resultantforce=Y mg where Ymeans the “sum of".

= 06m

Fig. 4.14(a) Fig. 414 (b)
Gravitational force acting on varieus particles Resultant gravitational force
We know thatithe sum of the gravitational fokces acting on all particles is
equal to the totalweightof the object w £ MgWhere M = 3 m = mass of the object.

@tre of gravi Mt where total
e

ight of thig body appears to be acting.

\

If"a, body is supported at'its centre of gravity, it stays there without

rotation. Theicentre of gravity of an object of regular shape lies at its geometrical
centre. Centre of gravity of some geometrical shapesis giveninTable4.1.

Table 4.1

Object Centre of Gravity
Square, Rectangle Point of intersection of the diagonals
Triangle 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

60

NOT FOR SALE-PESRP



Centre of Gravity of a Plane Lamina

For an irregular shaped plane lamina, 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 from the point of °
suspension with the help of a plumb line.
The exact position of the centre of gravity is
at the point where two such lines cross
each other as shown in Fig 4.15(b). The
centre of gravity can exist inside a body or
outside the body asis in case of a cup. Fig. % 5() Fig. 4.15(b)

Points of

suspension

[rregular'shaped plane lamina

For your information!

Centre of Mass
Newton's second law of motion is applicablé’to
single particle or system of particles. Even when the
parts of a system have different velo€ities and <
acceleration, there is still one pointinthe system whosé
acceleration could be found By applying second 1aw. /¢ Centre of gravity of a bow!
This pointis called the centre ofimass of the system. groutside the material

@
The ce@mass ofab Is that&nt where the
whoMs he bodly is @ssumedito be concentrated.
Hence, the ceéhtre of mas§ behaves as ifall the mass of the body or system
is lying atthat'point. In the Fig. 4.16@iven below, a rotating wrench slides along a

frictionless'floor. There is no resultantforce on the wrench. Therefore, its centre
of mass, shown by a yellow dot, follows a linear path with constant speed.

6 o6 o6 o o o 0 o o 06 0 0o O o o o o o

Fig. 4.16: Rotating wrench sliding along a frictionless floor
On the surface of the Earth, where g is almost uniform, the centre of mass

of an object coincides with its centre of gravity.
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4.8 Equilibrium

We have learnt how translatory and rotational motion can be caused due
to the application of external forces. Now, we shall see how external forces can be
balanced to produce no translational or 4 DoYouKnow? b
rotational effects.

We know that if a number of forces act on a
body such that their resultant is zero, the body
remains at rest or continues to move with
uniform velocity if already in motion. This state
of the body is known as equilibrium, which can THis isfh fascinating
be stated as: scene’of equilibrium.

A body is said to be in equilibrium if(mvacceleration.

There are two types of equilibrium:
(i) Staticequilibrium (i) Dynamicequilibrium

A body at rest is in static equilibrium whereas a body moving with uniform
velocity isin dynamic equilibrium,

An example of statieequilibrium is a boak lying.on the table as shown in
Fig. 4.17. Only two forcesare acting on it#One, is its Weight w = mg acting

downward and the other is F, the normalférce thatithe
table exerts upwardn the book. Sincelthe bookis at rest
so, it has zero acceleration. Therefore, the sumiof all the
forces acting“en the"book shatlld bg zero, so that the
book is'saidtéhein equilibrium. Hence

F,-w=0 Fig. 4.17
Book is in static equilibrium
or F.=w
This means that forces can act on a body without Rope
accelerating it, provided these forces balance each  wal
other. ——
An electric bulb hanging from the ceiling of a |
room, a man holding a box, a beam held horizontal Fig. 4.18 Weight

against a wall with the help of a rope and a hanging A beam projected from a wall
weight (Fig. 4.18), are all examples of static equilibrium. s also in static equilibrium
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A good example of dynamic equilibrium is a
paratrooper (Fig. 4.19). In a few second after the free
fall, the parachute opens and a little later, the
paratrooper starts descending with a uniform velocity.
In this state, the force of gravity acting vertically
downward on the paratrooper is balanced by the
resistance of air on the parachute acting upward. Fig. 4.19

A paratrooper is in dynamic equilibrium

4.9 Conditions of Equilibrium
There are two conditions of equilibrium:
First Condition of Equilibrium

Fascinating Freefall

By Newton's second law of motion, F=ma
If the body is in translational equilibrium, then a=.0,
therefore, net force Fshouldbe 0 or F£0 ... 4.7
This is the mathematical form "of the first
condition of equilibrium which states that:

A group of paratroopers making
in a formation-an example of
dynamic equilibrium.

A body is said te be slational equilibgi v if the vector
sum of all t&x orces acion itis, equal to zero.
In case a number of €eplanar forces'F,, F3,F,, ... having their resultant

equal to F, are acting on a body, thesgfcan be resolved into their rectangular
components, andfifst condition of equilibrium ¢an be then written as:

Along x-direction, F, +F,, + F, #mm. =0
or SF=0 ... (4.8)
Similarly, alohgwy=direction,
Fo,+Fy+ F+ . =0
or >F=0 ... 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 zero.

Second Condition of Equilibrium

The second condition of equilibrium implies to the rotational 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.
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(a Fig. 4.20 (b)

In case (b), the lines of action of the two forces are different. Since
magnitude of F, and F, are equal, 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 completelyfin 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 statedas:

The vector sum of all thestorqués acting on
a body about any pointgmustBe zero.

Mathematically, we can write: >z=0 . (4.10)
Hence, a body will be in complete equilibrium when,
250
YF,=0
And >1=0
Example 4.5
A pictuge is(suspended by means ‘of two / T4 1T,
vertical strings asyshown in Fig 421. The A |c20cm 3 20cm g
weight'of thespicture is 5 N, andit is’acting at
its centre'of gravity. Find the tensiomyl, & T, in
the two strings.
Solution
Totalupward force =T, + T,
Total downward force=w=5N ! Fig.4.21
Tensionsinthestrings, T,=? and 7,=7 w
Since, there is no horizontal force,so Y F, =0
Already >F=0
Putting >F=0
T,+T, -w=0 e (i)

Apply > T =0, selecting point B as point of rotation. Here, torque 1,0f T, is
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negative whereas torque t, of w is positive about point B. T, produces zero
torque as it passes through the point of rotation. Hence,

T, — T =0
or w xBO - T,xAB =0
putting the values, wx02m —T,x04m =0
or 5Nx02m -T,x04m=0
5Nx02m _
or T, == 04m =25N

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

4.10 States of Equilibrium

An object is balanced when its centre 6ffass@nd its point of support lie on
the same vertical line. Then forces on each sidetare balanced, and the object is
said to be in equilibrium. There are three states of equilibrium in connection with
stability of the balanced bodies.

Stable Equilibrium

A body is s w state of IeWum, if
after a slight tiltjit comes back4o itsjoriginal position.

Stable equilibriumyoccurs when the gorques arising from the rotation (tilt) of
the object compél'the body back towards its equilibrium position.

The congshawn in'Fig 4.22(a) isinithe'state©f stable equilibrium. Its weight w
acting downward at the centre®f gravity
G and the, reaction of the floor F ‘acting
upward, liejon 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
still remains 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. Unlike parallel forces produce a clockwise torque
which brings the cone back to its original position. It is worth noting that the
body remains in equilibrium as long its centre of mass lies within the base.

Fig. 4.22
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Unstable Equilibrium

Try to balance the cone onits 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 w no

longer lies inside the base O (Fig. 4.23). In G
this case, centre of gravity is lowered on w
tilting and continues to fall further. It e /
cannot rise up again because the @@ [F. £ (b) [F,
anticlockwise torque produced by w plg. 423 ‘

moves it further downward. »
A body is said to be in a state of uns Ie‘&qm, if after a slight
tilt, it tends to move on further, Ww original position.
Neutral Equilibrium

A cylinder resting on a horizantal surface (Fig. 4.24) shows the neutral
equilibrium. If the cylinder is rotated slightly, therefis no force or torque that

brings it back to its original p@sition'or moves it awayaAs the F

cylinder rotates, the height, of‘the’centre ofsmass remains G
unchanged. In any position of the cylinder, its weight and

reaction of the groundylie in the same vertical line. w Fig. 4.24

A bod @ eutral equilibrium, if it gomes to rest in its new
positio disturbancegvithout ange in its centre of mass.
Other examples of neutral equilibrium are a ball rolling

on a horizental surfaces, or a cone“testing on its curved
surface (Fig.4.25).

4.11 Improvement of Stability

It is our daily life observation 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 itis 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
torque will bring it back to its original position.

Fig. 4.25

A double decker bus is being
tilting to test its stability.
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In this case, the bus is in stable equilibrium. If the same bus is loaded with
steel sheets on the top, the centre of gravity be raised. It is now near to a state of
unstable equilibrium. A couple will turn it over if itis 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!

An unstable equilibrium is illustrated in this
figure. A chair in normal position is quite
stable (Fig. a) but it has been turned into an G G
unstable position by tilting it back on its legs
(Fig. b). In this tilted position, a couple is
formed by its weight w and reaction F, of the
ground. This clockwise couple tends to F
overturn chair backward. (a) (b) T "

4.12 Application of Stability in Real Life

The concept of stability is widely applied to engineering technology
especially in manufacturing racingars and balancing teys.

As the racing cars are driVen atiery high speéds andyalso there are sharp
turns in the track, theref@re, the chances of thearsto topple over increase. To
enhance the stability of fagingeafts, their cehtres of mass are kept as low as
possible. There base areas areyalso increased by keeping the wheel outside of
their main bodies. Balancing toys are also very interesting for both children and
elders. Look at somebalancing toys shown belows.

() (b) (<)
Fig. 4.26: Balancing toys
The physics behind these types of toys is that stability is built in with

balancing toys. These toys are basically in completely stable state and their
centres 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.
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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

shownin Fig4.27.

To enhance the
stability of a
racing car, its
centre of mass is
kept as low as
possible. Its
base area istalso increased by keeping its
wheels outside ofits main body.

Fig. 4.27
Rotational Motion Versus Translatinal NMotion

Counterparts of velocity, acceleration, force and momentum in
translational motion are angular velocity, angular acceleration, moment of force
(torque) and angular momentum g€espectively in rotational motion. It suggests
that the torque plays the same sele inthe rotationalgnotion that is played by the
force in the translational m@tion.\Therefore, we atedjustified to predict that
analogous to Newton's first, lawaefsmotion, a stating object will continue to do
so with constant angular velecity unless acted ‘upon by a resultant moment
(torque). However, ‘ifya resultant torqde is applied’to rotating object, it will
accelerate depending on the direction of the torque relative to the axis of
rotation.

This_fundamental principle efthances our understanding how objects
move andinteract 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. 4.28

required to keep the object moving with uniform speed in a circular path.
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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 moves with constant
speed, soitis possible only if the component of force along vis F cos 90° = 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 object to m iWIe at
constant speed is called the cw force.
For an object of mass m moving with uniforméspeed v in circle of radius r,

the magnitude of centripetal force F, acting on it can be calculated by using the
relation:

Example 4.6

A 150 g stone attached to a string is"whirled in“a horizontal circle at a
constant speed of 8ifi s™. The length of strimg is 1.2ym. Calculate the centripetal
force acting on thesstone. Neglect effects of gravity.

Solutiony, |

Mass of stone £m = 150g = 0.15kg
Speed of stone =v = 8ms”
Radiusofcircle =r =12m
Centripetal force =F,=7?
Using Eq.4.11, Fc=mTv2
-1\2
Putting the values, F.= 015kgx(@ms ) _ 8N
1.2m
Sources of Centripetal Force
We have learnt that centripetal force has to be
supplied if the body is to be maintained in its circular
i ?
path. What could be the sources of centripetal force? Fig. 4.29(a)
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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

the string when it is at any point P, the stone will fly
off along the tangent (PQ) to the circle. Then, it will
move along the same straight line with constant
velocity unless an unbalanced force acts uponiit.

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-b).
When we release the string we stop applying force
on the stone and hence it moves in a straight line.

Now consider the case of the moon which
moves 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 Earthiin circular paths
with uniform speed. The grayitational pull of the
Earth provides centripetal force.

One of the real life examples is awashing
machine dryer. A_dryer is a metallic £ylinderical
drum with many smalbholes in its walls. Wet clothes
are put in ity Whenthe cylinder rotates®rapidly,
friction Betweenyclothes and dramvalls provides
necessaryieentripetal force. As the water molecules
are free to move, so they cannot get the required
centripetal force to move 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.
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Assatellite orbiting the Earth

Fig. 4.31
Washing machine

Cream seperator
Fig. 4.32
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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.

EXERCISE

A Multiple Choice Questions

4.1

Tick (V) the correct answer.

A particle is simultaneously acted upon by two farcesof 4 and 3 newtons.
The net force on the particleis:

(@ 1N (b) between TNand 7N (O)5N (d)7N

If F,and F, are the forces acting ona®ody and 1 is the torque produced in
it, the body will be completely in equilibrium, when:

(@ YF=0and >t=0 (b)JF=0and Yt= 0

() SF#0and t=0 (d SF#0.and >t# 0

A Shopkeeper sells his afticlesyby a balancedhavingsunequal arms of the
pans. If he puts the weights in the pan having shorter arm, then the
customer:

(a) loses (b) gains (c) neither loses norgains  (d) not certain

A man walksen aitight rope. He balancgés himself by holding a bamboo
stickhorizentally. It is an applicationef:

(aplaw oficonservation ofmomentum

(bYNewton's second law of mgtion

(c) principle of moments

(d) Newton'’s third law of motion

The centre of mass of a body:

(a) lies always inside the body

(b) lies always outside the body

(c) lies always on the surface of the body

(d) may lie within, outside or on the surface

A cylinderresting onits circular base is in:

(a) stable equilibrium (b) unstable equilibrium

(c) neutral equilibrium (d) none of these
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B Short Answer Questions

4.1
4.2
4.3
4.4

4.5

4.6
4.7

4.8

What are rectangular components of a vector and their values?

What is the line of action of a force?

Define moment of a force. Prove that © = rFsinf, where 0 is angle between
randF.

With the help of a diagram, show that the resultant force is zero but the
resultant torque is not zero.

|dentify the state of equilibrium in each case in the figure given below.

(a) (b) ©

Give an example of the body which ism6éving yet in equilibrium.

What are two basic principles of stability in physics which are applied in
designing balancing toy§ and racing cars?

How can you prove thatithe centripetal fafce always acts perpendicular to
velocity?

C Constructed Response Questions

4.1

4.2

4.3

4.4
4.5

A car travels atthe same speed around two curves with different radii. For
which%sadius the car experiences more centripetal force? Prove your
answer.

A ripe mango does not normally fall from the tree. But when the branch of
the tree is shaken, the mango falls down easily. Can you tell the reason?
Discuss the concepts of stability and centre of gravity in relation to objects
toppling over. Provide an example where an object’'s centre of gravity
affects its stability, and explain how altering its base of support can
influence stability.

Why an accelerated body cannot be considered in equilibrium?

Two boxes of the same weight but different heights are lying on the floor
of a truck. If the truck makes a sudden stop, which box is more likely to
tumble over? Why ?
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D Comprehensive Questions

4.1 Explainthe principle of moments with an example.

4.2 Describe how could you determine the centre of gravity of an irregular
shaped lamina experimentally.

4.3  State and explain two conditions of equilibrium.

4.4 How the stability of an object can be improved? Give a few examples to
supportyour answer.

E Numerical Problems

4.1  Aforce of 200 N is acting on a cart at an an @ith the horizontal
e. (173.2N, 100 N)

direction. Find the xand y-components of

4.2 Two weights are hanging from e rule at the positions as shown in
the given figure. If the metre rule is balaficed at its centre of gravity (C. G),
find the unknown weight w. (3N)

4.3 - is balanced children sitting near either end. Child A
ighs 30 kg and sits 2 metres away from the pivot, while child B weighs

40 kgrand sits 1.5 metres from the pivot. Calculate the total moment on
each side and determine if the sea-saw is in equilibrium. (60 N)

4.4 A crowbar is used to lift a box as shown in
the given figure. If the downward force of
250 N is applied at the end of the bar, how
much weight does the other end bear? The
crowbar itself has negligible weight.
(1500 N)

4.5 A 30 cm long spanner is used to open F
the nut of a car. If the torque required for
itis 150 N m, how much force F should
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4.6:

4.7:

4.8:

be applied on the spanner as shown in the figure given below. (500 N)
A signboard is suspended by means of two steel T

wires as shown in the given figure. If the weight of ——
the board is 200 N, what is the tension in the strings?
(100N, 100 N)

Signboard

1200 N

One girl of 30 kg mass sits 1.6 m from the axis of a see-saw. Another girl of

mass 40 kg wants to sit on the other side, so that e-saw may remain
in equilibrium. How far away from the axis, t ot@may Sit?

(1.2 m)
Find the tension in each string as shown
given figure, if the block weighs 1 : o
(86.6 N, 173.2 N)

O&s\o* &
X
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WWork, Energy And Power

Student Learning Outcomes
After completing this chapter, students will be able to:

¢ Define work done.

e Use the equation work done = force x distance
moved in the direction of the force W =F x §
to solve problems

* Define energy as the ability to do work @
e Explain that energy may be stored [Such as in
gravitational potential, chemical, elastic (strain), {‘ a

nuclear, electrostatic, and internal (ther
energies]

* Prove that Kinetic Energy = + mv ° [us
equations of motion not needed; proof throug
kinematic graphs will suffice]

e Prove and use the formula fo it

&)

¢ Use the formulas for kin

.@ e problems involving
simple energy conversio energy from one form to the

environment]

e Define and calculate power [As work done per unit time and also as energy transferred per
unit time. This also includes applying the equations: (a) power= work done/time taken P =
W/t (b) power = energy transferred/time taken

* Define and calculate efficiency [including: (a) (%) efficiency = (useful energy output)/(total
energy input) ( x 100%) (b) (%) efficiency = (useful power output)/(total power input)
(x 100%)]

*  Apply the concept of efficiency to simple problems involving energy transfer

» State thatasystem cannot have an efficiency of 100% due to unavoidable energy losses that

occur.
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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 moves 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.

In this chapter, we will define work; energy, power

and efficiency and show how they are related, to one
another.

Force and distance are two eSsential elements of werkiWhen a constant force
acting on a body moves itthrough some distance, we say.that 'the force has done

work'.
Work i§@lefined as the pro of ma&tude of force
ani‘ nce covered in the'Iirection of force.

Consider‘a, black of wood lying onsa
table (Figs,5.3)Alf we exert a farce £ on the
block to'move it'through a distance S in the i-—> i—»
direction ofyforce, then the work W"done by
the forceis: "—"

Work = Magnitude of force x Distance Fig. 5.3
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
but 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 zero.

AsF=0 so W=0xS§=0 Fig. 5.4
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What will be the work done when a force is
acting on a body making an angle 6 with the i i
direction of motion? In this case, work is done
due to the component of force which is acting  F o0 l<—>|
along the direction of motion (Fig. 5.5).
Resolving the force Finto its components, we have
the component F cos6 that acts in the direction of motion. Therefore,
W = (Fcosb) S

or W=FScosH...... (5.2)

If&is zero, cos0° = 1, then

Fig. 5.5

W=FS(1)=FS

This is the case when force and distance coyvered
are in the same direction. Now if 8 =£90°, thenyforce

. F
cos 90° = 0 which means the force“has zero
componentin the direction of motion. Thus, 5 90°
W = FS (O) =0 Displacsement

This is the case wherforce is'perpendicular
to the displacement. Look at,Fig. 5.6, it suggests
that if a person carrig§ a bag to some distafi€e, this
work is zero, because the force appliedfto hold the Fig. 5.6
load is upward which is perpendiculastothe displacement.

The work done to push@n object is the same whether the object moves
north to'south oreast to west, provided the magnitude of force and the distance
moved are net changed. Work does not convey any directional information, so it
is a scalar quantity.

Calculation of Work Done by Graph

When a constant force F acts through a distance S, ~ Pp==-=--=s==-o- EQ
the event can be plotted on a force-distance graph as Shaded area
shown in Fig. 5.7. If the force and distance covered are in work done
the same direction, the work doneis Fx S. Force

Clearly the shaded area in the figureis also FxS. O Dictance 'R
Hence, the area under a force-distance curve can be < >
taken to represent the work done by that force. Fig. 5.7

77
NOT FOR SALE-PESRP



Units of Work

The Slunitof work 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.

From Eq. (5.1)
1J=TNx1m
or 1J=Nm

Biggerunitsarealsousedlike  1kJ=10"J and  1Md=10°)

Example 5.1

Find the work done by a 65 N force in pulling,thesuitcase (Fig. 5.8) for a

distance of 20 metres.
Solution

Force applied F
Distance covered S
Angle fromthefigure 8 =30°
Work w
Using Eq.5.2,
W = FScos30°
W =65Nx20m x 0.866
W=11258Nm) = 1125.8)

5.2 Energy

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 consuming 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 work.

Energy can be defined as the ability of a body to do work.

When someone does work, energy of the body
has to be spent. In fact, energy is transferred to the body
on which work is done. In other words, the energy is
transferred from one system to another. For example,
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A stretched bow stores
energy, which is
transferred to the arrow
as it is shot. Some bows
store enough energy
to shot an arrow even
1 km away.
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when you do work pushing a swing, chemical energy in your body is transferred
to the swing and appears as energy of the motion of the swing.

Like work, energy is a scalar quantity. Its Sl unitis joule (J).

When one joule work is done on a body, the amount of energy spent is one joule.

There are many forms of energy. Electrical energy, chemical energy, nuclear
energy, heat energy and light energy are some well-known forms which we shall
study later on. There are two basic forms of energy:

(i) Kinetic energy

(ii) Potential energy

The combination of these two types of energies is calledsmechanical energy.

Kinetic Energy

The kinetic energy of a body/is the energy
that a body possegses by Viftue of its motion.

To find out how much kineticenergy a moving body possesses, an opposite
force can be applied ontthelbodyto stop its metiongThen the work done by
the force will be equal tothekinetic energy‘of the body. i.e., Kinetic energy
(E,) =Workdone (W)

Suppose a body of Mass m is moving with velocity v.’An opposing force F acting
on the body thrgtighia distance S bringsit to rest. Then,

E.=Work done = kxS

AsF=maandS:vavxtimez(VT”Lo)tz% x t K
Q vt _ 1 velocity
Hence, E, =4na x 5 =5 ma x vt (ms)
Using velocity-time graph (Fig 5.9), the acceleration o _\!
‘a’is given by its slope. time () —>
Fig. 5.9
Hence, a =£ , the slope is negative as the velocity and force are in opposite
t Y g y PP
direction.
Thus ) =% m (%) vt
or E=gmi e (5.3)

Example 5.2

A truck of mass 3000 kg is moving on a road with uniform velocity of 54 km h™".
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Determine its kinetic energy. For Your Information!

» The work done by the

Solution single beat of human
Mass of the truck m = 3000 kg heartis0.5).

Velocity v=54kmh'=15ms” * The energy content of

the nuclear bomb

Kineticenergy E, =7 dropped on Hiroshima,

Putting the values, Japan, in the second

1 1 ., world warwas 8.0 x 10").

= mv = 5 X 3000 kg x (15)"m" s » The energy output of a

E, = 337500 J = 337.5 kJ wer station in one
ﬁu’sm”l

Potential Energy

In the previous section, we have seen thatthework'done on a body is used
to increase its kinetic energy. Sometimes, the wiork/done on a body does not
increase its kinetic energy, rather it is storeddfnthe body as potential energy.

Potential energy is defined as the epergy t%body e sl
possesses by virtue of its positi&)r deformationg

Forms of Potential Energy

There are many forms® of, poténtial enefgys, As

men.tloned ébove, .the energy possessed by an object s et B diemain

by virtue of its positionyelative to the Earth is known potential energy every
as gravitational potential energy. moment in the roller coaster.

The enengy stored in a €@mpressed 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 nuclear fission. .
If the block shownin Fig.5.10is liftedtoaheight B ____

h above the ground, then the block would have F

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 w  Fig.5.10
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work is done on the block to putitinto the position where it has potential energy,
therefore, we can say that the work done is stored in it as potential energy. Thus,
potential energy £, is given by
E, = Work done to put the block in elevated position

The applied force necessary to lift the block with constant velocity is equal
to weight w of the block and since w = mg, therefore, potential energy of the
block at height h becomes,

E,=wh
or E,.=mgh ... (5.4)

The most obvious example of
gravitational potential energy is a waterfall
(Fig. 5.11), water at the top of the fall has
potential energy. When the water falls toshe
bottom, it can be used to run turbines te Fig. 5.11 Waterfall

produce electricity and thus can do work. Fr. Your Information!

Example 5.3

A ball of mass 180 g wa$ thrown vertically
upward to a height of¢12 muwFind the
potential energy gained by theall.

ons may transform into
roduction and similarly energy

. may be converted into material
Solution particles. Hence, now we have
Ma.ss of ball m=180g=0.18kg servation of mass and energy rather
Height h=12m that conservation of each separately.
P.E.gained “Ep=7?

g=10ms~
FromEq. (5.4) E, = mgh
Putting the values
E,=0.18kgx10ms*x12m =216

5.3 Conservation of Energy

The study of various forms of energy and the transformation of one kind
of energy into another 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. It may be transformed from one form
to another, but the total amount of energy never changes.
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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 as 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 above the A [T

height h from the ground (Fig.5.12). Its total energy PE. is mgh, A
E,=mgh

and EkZO B I__| h

Then the body is allowed to drop to point B at a heighty fromithe N

ground. The body loses potential energy and™gains) kinetic x

energy as it gets speed while falling down. Assuming air C >

resistance negligible. Fig. 5.12
E,.=mg(h—Xx)

The loss of potential energy will appear as the’gain in kinetic energy, hence, at
point B
E =imgx

Total energy at B E= mg(h—x) + mgx 4= mgh
Just before hitting the groundwat point C,_the wholeyef potential energy is
changed into kineticenergy. Thus,

E=0 and E=mgh

Thus, total energysfemains the same as mgh. On hitting the ground, this

energy is dissipated as heat and soufd.inthe environment.

5.4 Reiiewable and
Non-Renewable Sources

The resources of energy which are replaced by new ones after their use are called
renewable energy source. On the other hand, non-renewable sources are those,
which are depleted with the continuous use. Once they run out, they are not
easily replaced by new ones. Sources such as hydroelectricity, solar 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 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 torunoutin future.
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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 need for energy is increasing day by day, there is need to develop other
non- traditional renewable energy sources.

5.5 The Advantages and Disadvantages

of Methods of Energy Production

The production of hydroelectric power is more econemicaland pollution free.
The solar power, wind, tidal and wave power need moreiinitial cost but they do
not produce pollution and are also economi€al as well. On the other hand, power
generation by fossil fuels and nuclear fuel addsto the pollution of environment.
Burning of fossil fuels

produces smoke, carbon

dioxide gas and heat

(Fig. 5.13. They enhance

direct pollution to

atmosphere. Windmills

are very noisy. Some

people think thatwind

turbines spoil the beauty

of landscape.

?
Do You Know? Fig. 5.13

Burning fossil fuels release five billion tonnes of
carbon dioxide into the atmosphere every year.

Nuclear 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 nuclear 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
pollutionis increasing day by day causing global warming.
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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 to a height ‘h’ through upstairs (Fig. 5.14). You do
work, because you are lifting your body up the stairs. If you run up, you can reach
the same heightin a shorter time interval.

height (h)

Fid. 5.14

The work done is the same ineither case, becauseithe netresult is that you lifted
up the same weight to the same heightA®But youlknow that if you run up the
stairs, you wouldsbe mere tired than you walked up slowly. In fact, there is a
difference in the rate at which work.is,done. We say that you expend more energy
when you go up thestairs rapidlythanwhenyou go slowly.

The congeptiofipower can also beyexplained with another example of an electric
motor or aywater pump. A bigger motor 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,
Power = Work
Time
If W is the work done in time t, then
p=t (5.5)

Power of any agency can also be defined as energy transferred per unit time.

84
NOT FOR SALE-PESRP



Units of Power

Since both work and time are scalar quantities, so according to Eq.(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?

- 1J 1 : Av. P

Bigger Units of power are: E saver 23
TkW =10°W ubgfight 40

tricifan 80

1MW = 10° W 100

.' . 200

In British engineering system, the unit of pewer used¥¥Vashing machine| 250
. . . Refrigerator 600
is horse-power (hp). The horse power is defined as* EcGricion 1000
1hp =746 W Toaster 1000
Microwave oven 1200
Example 54 _[Air conditioner 2500

A 1000 kg car moving withvan acceleration of 4 mis%covers a distance of
50 min 5seconds. What isthe'power generated by itsengine?

Solution

Mass of car my= 1000kg
Acceleration a ="4ms”
Distance S =50m
Time taken t=5s
Power p=7

First, we shall determine the force applied by Newton's second law.
F=ma = 1000 kg x4 ms*=4000N

From Eq. (5.1), Work, W =FS
The watt is named in
Or W = 4000 N x 50 m = 2.0 x 10°J honour of James Watt

w (1736-1819), a Scottish
From Eg. (5.5), P =t_ engineer who perfected

the steam engine.
Putting the values of W and t, we have

5
p = 2-0>5<¢ = 4 x 10° W = 40 kW
S
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5.7 Efficiency

The efficiency of a working system tells us
what part of the energy can be converted into the
required useful form of energy and what part is
wasted out of the energy available.

The available energy for conversion is usually
called the input energy and the energy converted
into the required form is known as the output
energy.

The efficiency of a systemis defined as:

The ratio of useful output energy and the total inpm
energy is called the efficiency of a working syA

Usefulfautput energy

or Efficiency =

Do You Know?

.. Average
Activity Efficiencg (%)
Diesel engine 35
Petrol engine 25
Electric motor 80
Bicycle 15

eacy 100%.

For Your Information!

A machine with its output
equal to input is called an
deal machine with

Total input’energy

Efficiency is often multiplied by 100io give percentageefficiency. Thus,

Useful output ener
Percentage Efficiency)= f P 9y

Total input'energy
It can also be given,as:
Useful power output

Percentage,Efficiency = Total powerlinput
w u

100

X

Itis found that the energy outputis alwaysiess'than the energy input. During any
convegsion of @nergy, some en€rgy iswasted in the form of heat. No device has
yet beenyinvented that may conveft all the input energy into required output.
That is whya 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.
Example 5.5

A block weighing 120 N is dragged up a slope with a force of 100 N to liftit up a
height of 10 m. If the slope is 20 m long, calculate the efficiency of the system.

20

~#

10m

l

Solution

Weight of block W= 120N

Force applied F = 100N

Distance § =20m

Height h =10m Fig. 5.15
86
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% Efficiency =7
Work done to lift the block up is:

W=FxS=100Nx20m=2000)J

Now, total input energy = work done on the block =2000)J
Useful output energy = Gravitational potential energy gained = wh

A

5.1

=120 N x10m = 1200 J

. Useful output energy
Percentage Efficiency = Total input energy x 100

= 12000 100 = 60%

2000)J

EXERCISE

Multiple Choice Questions
Tick (v) the correct answer.

Work done is maximum when the angle between the force F and the
displacementd is:

(a)0° (b)30° (c)60° (d)90°
Ajoule can also bewritten as:
(@ kgms®  (b)kgms™ (@ kgm’s® (dykgm’s®

The power of.a water pump is 2 k\W;, The amount of water it can raise in
one minute to aheight of 5 metrgsis:

(a) 1000 litres (b) 1200 litres (c) 2000 litres (d) 2400 litres

A bulletofmass 0.05 kg hés a speed 0f 300 ms . Its kinetic energy will be:
(@)22507 (b)4500) () 15001 (d)1125)
If a capdoublesits speed, its kinetic energy will be:

(a) thesame (b) doubled

(c) increased to three times (d) increased to four times

The magnitude of momentum of an object is doubled, the kinetic energy
of the object will:

(a) double (b) increase to four times
(c) reduce to one-half (d) remain the same
Which of the following is not renewable energy source?
(a) Hydroelectric energy (b) Fossil fuels
(c) Wind energy (d) Solar energy
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B Short Answer Questions

5.1 A slow-moving car may have more kinetic energy than a fast-moving
motorcycle. How is this possible?

5.2 Aforce F; does 5J of work in 10 s. Another force F, does 3 J of work in 5s.
Which force delivers greater power?

5.3 A woman runs up a flight of stairs. The gain in her gravitational potential
energy is 4500 J. If she runs up the same stairs with twice the speed, what
will be her gainin potential energy?

5.4 Whatis power? Define the unitused for it.

5.5 Differentiate between renewable and non-re@rgy sources.

the energy changes in this.eve
5.4 Amanrowing boat :@ atrest with res
work?

5.5 A cyclist goes,downhi m the top of a s
takesittothe fthe next hill.
DA 3 ram of whathappened.

i % se this evep tential and kinetic energy.
sing these terms.

ource of heat energy? Comment.

hill without pedalling and

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
example of a body falling from certain height in terms of its potential
energy and kinetic energy.

5.3  Explain what is meant by efficiency of a machine. How is it calculated?
Why there is a limit for the efficiency of a machine?
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E Numerical Problems

5.1

5.2

5.3

54

5.5

5.6

5.7

5.8

A force of 20 N acting at an angle of 60° to the horizontal is used to pull a
box through a distance of 3 m across a floor. How much work is done?
(30))
An engine raises 100 kg of water through a height of 80 min 25 s. What is
the power of the engine?
(3200 W)
A body of mass 20 kg is at rest. A40 N force acts onit for 5 seconds. What
is the kinetic energy of the body at the end of this time?
(1000 J)
A 0.14 kg ball is thrown vertically upward “with®%an initial velocity of
35ms™". Find the maximum height reachgd byitheball.
(61.25 m)
A girlis swinging on a swing. At the lewest point of her swing, sheis 1.2 m
from the ground, and at the highest paifit she is 2.0 m from the ground.
What is her maximum velocity and where?
(4 gs Yat the lowest position)
A person pushes a@lawn mower with a foree
of 50 N making anyangles0f 45° with"the
horizontal. Ifthe mowengjis moved through'a
distance of 20'm, how much workds done?
(707)J)

Asbox ofimass 10 kg is pushediup along a ramp 15 m long with a force of
8O0yN. If the box rises up atheight of 5 m, what is the efficiency of the
system?

(41.7%)
A force of 600 N acts onaboxto pushit5min 15s. Calculate the power.

(200 W)
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chapter - Mechanical

Properties of Matter

Student Learning Outcomes

After completing this chapter, students will be able to:

e [llustrate that forces may produce a
change in size and shape of an object.
* Define and calculate the spring constant

[apply the equation, spring constant = @
force/extension k = F/x to solve problems
involving simple springs] {‘ b

» Sketch, plot and interpret load—extension
graphs for an elastic solid and describe

the associated experimental procedures.
e Define and use the term 'limit of proportionalitys#for a load-extension graph [Including
identifying this point on the graph (anunderstanding of the elastic limit is not required)]
* Define and calculate density.
* Define and calculate pressur
force/areaP= F/A tos i

orce per unit equation pressure =

* Describe how pressure v. i i contextofeveryday examples
* Describe how pr direction at right angles to the
surface [can make o verify this principle]

e Descri
surface.
nges in atmosp essure in a region may indicate a change in the

workings and applications of a liquid barometer

e Justify and analyse quantitatively how pressure varies with depth in a liquid

* Describe the working and applications of a manometer

* Define and apply Pascal's law [Apply Pascal's law to systems such as the transmission of
pressure in hydraulic systems with particular reference to the hydraulic press and hydraulic
brakes on vehicles.]

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
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for various useful purposes in technology and engineering. The main contents
included 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
on an object can change its size or shape. Such a force is
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 restore,its
original size and shape. Similarly, stretched rubber strip
or band comes to its original shape and size-en
removing the applied force.

When a tennis ball is hit by a racket, the shapes of tennis Fig. 6.1
ball and also racket strings are distorted or deformed
(Fig. 6.1). They regain their original shape after
bouncing of the ball by the racket. An,object is said 16
be elastic, if after removal of the ‘deforming foree, it .

. .. . . dough or plasticine
restores to its original size:@and'shape. This property of &+ ratumn to their
the material is known as elastigity. Due to this'oroperty, original shape after the
we can determine the, strength of a matérial and the removal of the
deformation prodéeed under the action/of a force: deforming force. They

Most,of the materials are elastic Up to a/certain ~ aré known as inelastic
limit known astelastielimit. Beyofid the elastic limit, the materials.
change becomes)permanent. Theyobject or material does not regain its original
shape or size even after the removal ofithe 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 elastic limit. Thus,

For Your Information!

e materials such as

Focx

or F = kx or k = e (6.1)

where k is 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,
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the greater will be the stiffness or strength of the
spring. Its unitisN'm™. i limit
A graph of force against extension is a straight T

line passing through the origin. If the applied force or | F
load exceeds the elastic limit of the spring, it is [(N)
permanently deformed and its graph will no longer o)
remain linear. The gradient or slope of force-extension
graphisa measure of spring constant k.

A

x(m)—>

Fig. 6.2
Hooke's law also holds when a force is applied to a straight thin wire or a
rubber band within its elastic limit.

1. If the above experiment is repeated with a stiffer spring lue of k), what will be the

effect on the graph?
2. How canyou find the value of unknown weight usiagithisiexperiment?

6.3 Density

If you take equal volupiestef different substances*and weigh them by a
balance, you will find that each of them hasfa different'mass. That is, one
centimetre cube of wood may weigh only 0.74g but made'of iron will weigh 8.0 g.
Why is it so? You knbw that all substanees are composed of molecules. The
molecules of differentysubstances arg different in size and mass. The inter-
molecular spacing is also different.

The mass ofiegual volume'of various'substances actually is the mass of the
total numbemofymolecules present in that volume. Naturally, the substance
whose molecules are densely packed,and also which are heavy will weigh more

than others. For Your Information!
Density of a substance is defined Packing foam or polythene hasa very low density.
as its mass per unit volume.
. __ Mass Substance Density (kg m®)
Density = Volume (6.2) — =
The Sl unit of density is kg m”. Otherunitalso [Patrol 800
in use is g cm”. Table 7.1 shows the density of some [Water 1000
substances. Concrete 2400
The architects and engineers take special [Aluminum 2700
care of the density of the building material to be |[Steel 7800
used in designing and constructing roads, bridges | €ad 11400
Gold 19300
92 Osmium 22600
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and buildings. The density of building material is essential for estimating the
strength required in foundations and supporting pillars.

Example 6.1 The length, breath and thickness of an iron block are 3 cm, 2 cm,
2 cmrespectively. Calculate the density of iron if the mass of block is 94 g.

Solution
Length =3 cm, Breath=2cm, Immiscible liquids of

Thickness =2 cm, Mass =94 g, Density =7 different densities
form layers when

Mass they are mixed.

Using Eq. 6.2 Density =&~~~

will you measure the

where  Volume = Length x Breadth x Thickness o
fthe objectis lighter

=3cmx2cmx2cm =12 cm’ &

; nthe liquid?
. 49 B
Hence, Density = 2cm’ =78gcm Density is a test to know the
Thus, density of iron = 7800 kg m” purity ofasubstance.
| Quick Quiz J
which property can you

a silver spoon and a

If a wooden rod h@s alflat end, it will be very tainides steel spoon?

difficult to push it into greund. @asthe other hand, if

it has a pointed end,, it can be'easily pushed into the
ground. In the first case, the applied force is spread

over a large arga, whereas in the secand case, the

force is congentrated on a small atea.“Thefforce

appliedron,thetod will exert greater pressure in the

second case than'in the first one.

v

A .
Pressure is defined as the force exerted
normally on unit area of an object.

The force in both the pictures is
same, equal to weight of the
bag. In right hand picture, the

. . area of contact is the greater
If Fis the force acting normally on a surface 1., in the left hand picture.

ofarea A, then pressure Ponthe surfaceisgivenby  We say that the pressure is less
F in the right hand picture.

For Your Information!

Sports boots for football and hockey have studs on their soles.
They reduce the area in contact between your feet and the
ground. This increases the pressure and your feet grip the surface
more firmly.
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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
contactareaAissmall.
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 objectis easily cut (Fig. 6.3).
The top of a thumb pin is flat but the end of
the pin is very sharp. So, the contactsarea is
very small. When we apply a force atithetop,
the pressure at the end of pin is so high that
it pierces into the wooden boardiFig. 6.4).
When we walk on ground, we exert a force
on it due to which we expgrienge ayreaction
force. When the ground is flat, this reaction
force is spread over the,whelé area of the
foot and the pressure duetto reaction force
is not painful. Butwhen we walk on pebbles,
the contact/area issreduced. Then the
pressurédue to reaction forcesbecomes so
high that ithecomes painfuls

Heawy animals like elephant haveé thick legs
and large flat feet so that due to large
contact¥area, pressure becomes less

Figs6.3 Chopper

Fig. 6.4
Thumb pin

v
hy a bulldozer has large pillar
ks instead of wheels?

otherwise, their bones would not tolerate the pressure.

6.5 Pressure in Liquids

We have learnt in the lower classes that liquids 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
shows a container of liquid. Consider an area A in the liquid at depth h. The force
acting on this area is equal to the weight of the liquid column over surface A. The

volume of this liquid is

liquid column will be:

m =pV =pAh
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V = Ah. If p is the density of liquid, then mass m of the
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Therefore, force acting on area A will be

F=mg=pAhg
The pressure P at area A will be,
__F _ pAhg
P= AT A
Or P=pgh .. (6.4)

Equation 6.4 shows that pressure in a
liquid increases with depth. The value of pressure
depends on the depth and density of the liquid.

Pressure produces force at right angle to
the surface. A force or its component that is
parallel to the surface, does not contribute to
pressure. The pressure, by definition, is_only

Fig¥6.5 Pressure in a liquid

contributed by the normal component gf the forcesFhat is, the forces in a liquid
that push directly against the surface andiadd up to a net force is perpendicular
to the surface. If there is a hole in the surfages©f the liquid container, the liquid
spurts at right angle to the surface hefore curving downward due to gravity.

Example 6.2

Calculate the pressure of*column of mercury 76 cm high. Density of

mercury is 13.6 x 10%kg m~.

SqutionA

Density p =13.6%10" kgm”

Height W/ =76em =76 x10°m

g=10ms”

Pressure = pgh

P=13.6x10°kgm x10ms?x76x10°m
P =1.034x10°kgm>xms?xm

P =1.034x10°Nm™~

P =1.034x10°Pa

As

Example 6.3

Some liquids under pressure
can dissolve more gas than a
liquid at a lower pressure. When
we open a bottle of soda water,
the pressure in the bottle is
decreased. The liquid can no
longer hold as much gas. The
dissolved gas comes out of the
solution and rises to the surface
of the liquid in the form of
bubbles.

A cylindrical water tank 2 m deep has been built on the top of a building
20 m high. What will be the pressure of water at the ground floor when the tank is

full? Density of wateris 1000 kg m™. Takeg = 10ms~,
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Solution
Height h =2+ 20 =22m
Density @ =1000 kgm”
g=10ms~
P=pgh=22mx1000kgm> x10ms*
=220000Pa=2.2x10°Pa
Activity 6.1

Teacher should help the students to perform this

activity and initiate discussion as per instructions:

i. Make three small holes at different heights in the side of a
container as shown in the figure.

ii. Fill the container with water.

ii. Observe the water streams flowing out of the holes. t"is
initially normal to the surface.

iv. Which one of the streams hits the ground at larger
distance?

v. At which position the liquid has more pressure?

You will observe that the stream from each,hole, initially flows out normal to the surface before

curving down due to gravity and the lowest hole has more pressure. It shows that liquid pressure
increases with depth.

WATER

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@notherand with all other objects coming in their way. Thus, they
exert force on the objects. This fofce perunitfarea is the atmospheric pressure.
Since thesmolecules of air have fandom 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 R

height of about 100 kilometres. The density of air | _ k

. t th in the at h It d is equivalent to placing a
is ng e samfa in . e atmosphere. eCreases 4 o yq mass (10 N weight) on
continuously with altitude. crErE ek 1 @l

The pressure of 1 atmosphere

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 x 10° Pa. This value is referred to as standard atmospheric pressure. It is an
enormous pressure which can crush anything. We do not feel it because
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practically all the bodies have air inside them. As atmospheric pressure 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 6.2

The teacher should perform this activity in the

class following the given instructions.
Boil some water in a tin can. When it is full of
steam, remove it from the burner and close its mouth by

an air tight cork. Then pour cold water over it. The can
crumples as shown in the figure. Why does the ti
crumples?

Variation of Atmospheric Pressufe _wﬂ Height

We have studied that pressure in a liquid increases with depth. At depth h,

the pressure of liquid is given by P =pgh

This formula is appliCable to.all the fluidsiAs theigases of the atmosphere
are also fluid, therefore, thetatmospheric pressute should be maximum on the
ground at sea level. As we go up in the aiffatmospheric pressure decreases. At a
height of about 5/km, itfalls to 55 kPa and at a height of 30 km, it falls to 1 kPa. By
measuringthe atmospheric pressuseat apointdn air, altitude of that point can be
determined. The loweér the atmas§pheric pressure, the greater is the altitude.

6.7 Measurement of Atmospheric Pressure

Atmospheric pressure is usually measured by

Glass

the height of mercury column which it can support.| tube — Vacuum
Instruments which measure the atmospheric

pressure are called barometers. A simple mercury Scale
barometer consists of a glass tube about one metre A
long that is closed at one end. It is completely filled pressure
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. 6.6). The space in glass tube over the top of the

mercury is completely empty. The pressure is almost
97
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zero. For Your Information!

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 pressure P = pgh acting at
the surface of mercury in the dish.

<

rtin's Barometer is used in
boratories to measure the
atmospheric pressure.

Air pressure guage which is used to measure tc
pressure in motor car tyres.

VN

If we put P = 1.013 & 10’ Pa at sea levél,

p = 13.6 x 10® kg m>Hor mercury, the height of @ S
mercury column comes outito be 760 mm. By using . ground ifpyou stand

this instrument, atmespheric pressure atany altitude  on one foot instead of
in the air can begmeasured in terms of height of twofeet?
mercury column.

Chamosphericwre:s Weather Indicator

The“atmospheric pressure does not always [PUACTTY
remain uniform but flactuates. By observing the Can we use water in place
variation, the meteorologists can forecast the ©f mercury to construct a
.. barometer? Explain why.
weather conditions.

Quick Quiz
0 you exert more,

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,
atmospheric pressure becomes low in cloudy regions. Weather casters use this
knowledge to predict rains. A fall in pressure often means that rain clouds are on
the way and the rain is to follow.
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6.8 Measurement of Pressure by Manometer

A simple manometer consists of a
U-shaped glass tube which contains mercury. 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. 6.7). If on connecting a gas cylinder with
short arm keeping the longer arm of the tube
open, the mercury level in shortarmis lower than
that in the long arm (Fig. 6.8), then the unknown
pressure is more than the atmospheric pressure. If
the mercury level in the shortarm is more than the
long arm (Fig.6.9), then the unknown préssure is
less than the atmospheric pressure.

() «—

Fig. 6.7 manometer

Air pressure

Gas cylinder

Fig. 6.8

6.9 Pascal’s Law

When we inflate a balloon, we blow air
in it with a certain pressure but the balloon

Some Typical Pressures

blows uniformly from all sides. It means that

the pressure applied at its mouth has been

transmitted uniformly in all directions.

Similarly, when a motorbike tyre is inflated,

air pressure is applied at one point but the

tyre is uniformly inflated from all sides. This

indicates that pressure is transmitted to each

part of the tyre.

Location Pressure (Pa)
Sun's centre 2x10"°
Earth's centre 2x10"
Deepest ocean trench 1.1x10"
A motor tyre 2x10°
Standard atmospheric|  1.013 x 10°
Blood pressure 1.6 x 10*
On mount Everst 4% 10°
On mars 7 x 10°
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Activity 6.3

Teacher should demonstrate or help the students to
perform by following the instructions given below:

(i) Fill a polythene shopping bag with water.

(ii) Poke several holes by using a pin on the bag.
(iii) Squeeze the bag gently.

(iv) What do you observe?

Squeezing the top of bag causes the water to squirt on
in all directions. It means the pressure is transmitted equally
throughout the liquid.

_—

When pressure is applied at one point in an enclosed fluid, itis
transmitted equally to all parts of fluid without loss.

This is the statement of Pascal's law.
The technology of hydraulic systems is based on Pascal's law. Its main
advantages are:
(i) Liquids do not absorb any of the supplied energy.
(i) They are capable of moving,much heavy loads and providing great forces
due to incompressibility.
Some useful hydraulic systems are:
1. “Hydraulic press
2y, Car lift at service stations
3. "Hydrauligo¥akes of vehicles

Hydraulic Pr%‘

Considera, specially designed\contaifier as shown in Fig. 6.10. In this
contaifemthere‘are two cylindersyjoined by means of a pipe. The cross-sectional
area of the smaller cylinder is A, s
and that of the larger one is A.. l 7 e
The cylinders are filled with some TZ
incompressible liquid.
Suppose that the small piston is Piston
pressed down by applying a Ay | area
force F,. The pressure P =F,/ A, A
produced by small piston is Piston area
transmitted equally to the large L
piston. Liquid
Due to this pressure P, a force F,,
willacton A,, whichis given by

Fig. 6.10
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F,=PA,
Putting the value of P,

Since A; > A, therefore, F, > F;. The result indicates that a small force
applied on the smaller piston, results into a large force on the larger piston. Such
a systemis known as force multiplier.

A hydraulic press works on this principle. Cotton bale or any other object
to be compressed is placed over the larger piston. A fafcesf; is applied on the
smaller piston. The pressure P produced by smallerpiston’is tfansmitted equally
to the larger piston. A much greater
force F, acts on it. This force lifts the
larger piston and compresses the
cotton bale.

This principle is also used at
service stations to lift cars fof
washing (Fig.6.11).

Example 6.4 Figl6.11

The diametefsiof the pistons offa hydraulicpress are 5 cm and 25 cm
respectively. A nérmal force of 160 N is @applied an the smaller piston, what will be
the pressureiexerted by this force ohthe biggef piston? How much weight can be
lifted bysthe other piston?

Soluti\

Let the areas of cross-sections of the pistons be A, and A, and their radii be
r,and r,respectively.

Putting the values of r, = % cm=25x10°m r, = % cm =125x%x10°m

A =1r’ and A, =Tr)’
Force on the smaller piston F; = 160 N. Its pressure on the piston is
F
p=—1 ="
Al omr?
If the weight lifted by the bigger piston is w, then according to the Pascal's law.
FFoow
A A
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Or W A 2 2
1

Putting the values,
w =160 N x (12.5 x 10° m)® /(2.5 x 10° m)® = 4000 N = 4 kN
So, we can lift 4000 N weight by applying a force of 160 N on smaller piston.

Hydraulic Brakes

The brakes of some vehicles
Larger
brake

work on Pascal's law. In such type ¢ :

of brakes, cylinders with pistons are adspinder
attached to the wheels. The brake ///Bﬂrjll;e
pedal is attached to a master

cylinder having smaller area of N Naller
cross-section. Master cylinder is Brake \piston
connected to all the larger fne C“;'l?ﬁéeerr N
cylinders attached to the wheel \ pedal
through pipes as showhn in o

Fig. 6.12. Qil is filled in this'systems
When pedal is pushed downjthe
piston applies pressure on the
liquid in the master‘gylinder. The
liquid pressureyis gransmitted

Tyre

Fig. 6712 Hydraulic brake system

equally tovallsthe, larger pistonstef©Other 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.

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 (d) fourtimes
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6.2.

6.3.

6.4.

6.5.

6.6.

Four wires of the same material are stretched by the same load. Their

dimensions are given below. Which of them will elongate most?

(@) Length 1 m, diameter 1T mm (b) Length2 m, diameter2 mm

(c) Length3 m, diameter 3 mm (d) Length4 m, diameter 0.5 mm

Two metal plates of area 2 and 3 square metres are placed in a liquid at the

same depth. The ratio of pressures on the two plates is:

(a) 1:1 (b)v2 /3

(c) 2:3 (d) 4:9

The pressure atany pointin aliquid is proportional to:

(a) density of the liquid

(b) depth of the point below the surface of the liquid

(c) accelerationdue to gravity

(d) all of the above

Pressure applied to an enclosed fluidhis:

(a) increased and applied to every partofithefluid

(b) diminished and transmitted to'the walls of container

(c) increased in proportionakto the mass of fluid and then transmitted to
each part of the fluid

(d) transmitted unchanged, toyevery portion of/the, fluid and walls of
containing vessel

What is the force” exerted”by the atimosphere ‘@f a rectangular block

surface of length 50 cmiand breadth,40 cm?iThe atmospheric pressure is

100 kPa.

(a) 20kN (b) T00kNT, (c) 200kN  (d) 500kN

B Short Answer Questions

6.1
6.2
6.3
6.4

6.5
6.6

6.7

6.8

Why,heavy animals like an elephant have a large area of the foot?

Why animals like deer who run fast have a small area of the foot?

Why is it painful to walk bare footed on pebbles?

What is Hooke's Law? Does an object remain elastic beyond elastic limit?
Give reason.

Distinguish between force and pressure.

What is the relationship between liquid pressure and the depth of the
liquid?

What is the basic principle to measure the atmospheric pressure by a
simple mercury barometer?

State the basic principle used in the hydraulic brake system of the
automobiles.
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C Constructed Response Questions

6.1. A spring having spring constant k hangs vertically from a fixed point. A
load of weight L, when hung from the spring, causes an extension x, the
elastic limit of the spring is not exceeded.

Some identical springs, each with spring constant k, are arranged as
shown below:
For each arrangement, complete the table by determining:
(i) thetotal extension interms of x.
(i) the spring constant in terms of «.
Arrangement Total Extension x Spfing copstant (k) of
therarrangement

6.2  Springs are made of steel instead'ef iron/Why?

6.3 How deeswater pressuré one metre below the surface of a swimming
pool*compare to water pressure one metre below the surface of a very
large.and deep lake?

6.4 Whatwill happen to the pressure in all parts of a confined liquid if pressure
is increased in one part? Give an example from your daily life where such
principleis applied.

6.5 If some air remains trapped within the top of the mercury column of the
barometer which is supposed to be vacuum, how would it affect the
height of the mercury column?

6.6 The end of glass tube used in a simple barometer is not properly sealed,
some leak s present. What will be its effect?

6.7 Comment on the statement. “Density is a property of a material not the
property of an object made of that material.”

6.8 Howtheload ofalarge structure is estimated by an engineer?
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D Comprehensive Questions

What is Hooke's law? Give three applications of this law.

Describe the working and applications of a simple mercury barometer
and a manometer.

Describe Pascal’s Law. State its applications with examples.

On what factors the pressure of a liquid in a container depend? How is it
determined?

Explain that atmosphere exerts pressure. What are its applications? Give
at least three examples.

E Numerical Problems

6.1

6.2

6.9

Aspringis stretched 20 mm by a load of 40 N. Calculate the value of spring
constant. If an object causes an extensionief 16 mm, what will be its
weight? (2kNm™,32N)

The mass of 5 litres of milk is 4.5 kg¥Find its density in Sl units.

(0.9 x 10° kg m?)
When a solid of mass 60 g islowered into a measuring cylinder, the level
of water rises from 40 crpte 44cm?. Calculatgthe density of the solid.

(15 x 10° kg m?)
A brick measures 5'em xp10/cm x 20 cm,lf its mass'is 5 kg, calculate the
maximum and minimum pressure “which, the brick can exert on a
horizontal suface. (1x 10*Pa, 25 x 10° Pa)
What will o&the height of the calumn in barometer at sea level if mercury
is replaced by water of density 1000 kg/m™, where density of mercury is
13.6 x10° kg~ (10.3m)
Suppoese.in the hydraulic braké system of a car, the force exerted normally
omiits piston of cross-sectional area of 5 cm? is 500 N. What will be the
pressure transferred to the brake oil? What will be the force on the second
piston of area of cross-section 20 cm?? [1.0x10°Nm® 2000 N]
The area of cross-section of the small and large pistons of a hydraulic
press is respectively 10 cm” and 100 cm? What force should be exerted on
the small piston in order to lift a car of weight 4000 N? (400 N)
If the pressure in a hydraulic press is increased by an additional 10 N cm?,
how much extra load will the output platform support if its cross-sectional
areais 50cm?? (500 N)
The force exerted normally on the hydraulic brake system of a car, with its
piston of cross sectional area 5 cm?is 500 N. What will be the:
(a) pressure transferred to the brake oil?
(b) force on the brake piston of area of cross section 20 cm??

[(@ 1.0 x 10° N m?, (b) 2000 N)]
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Chapter
7

Thermal Properties
of Matter

Student Learning Outcomes

After completing this chapter, students will be able to:

e Describe, qualitatively, the particle
structure of solids, liquids and gasses
[Including and relating their properties to

the forces and distances between @
particles and to the motion of the
particles (atoms, molecules, ions and
electrons)].
* Describe plasma as a fourth state of
matter [In which a significant portion of
the material is made up of ionsgor

electrons e.g. in stars, neon lights an

idea that there is a lowe
where the particles have |

e Statethatanincre nthete
* Explain, with examp
a me

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 contributed 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 of an
object. So, man evolved different methods to measure it. After the invention of
standard measuring devices, the temperature was also included in the list of
basic physical quantities like mass, length and time.
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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 called
molecules which are always in motion. Their motion may be vibrational,
rotational or linear. There exists a mutual force of attraction between the
molecules known as intermolecular force. This force depends upon the distance
between the molecules. It decreases with increasing distaficgbetween them.

The molecules possess kinetic energy due to'motiof and potential energy
due to force of attraction. When a substance is heatedyits t€mperature rises and
its molecular motion becomes more vigorous whichincreases the kinetic energy
of the molecules. Thus, the temperaturé of thelsubstance depends upon the
average kinetic energy of its molecules.lnggeneral, matter exists in three states
solids, liquids and gases as shown in Fig. 7.1.

Fig. 7.1

Mast of the properties of 'sglids, liquids and gases
can be explained on the basis of kinetic molecular theory of
matter. In case of solids, the intermolecular forces are so
strong that they keep the molecules bound. So, the
molecules are held at fixed positions but still they show
vibrational motion about their fixed points (Fig. 7.2). This is
why, the solids have a definite shape and a definite volume.

In case of liquids, intermolecular force is so weak that
it cannot hold the molecules at fixed positions and the
molecules can slide over each other in random directions. A liquid, therefore,
possesses a definite volume but has no definite shape. Due to flow of the
molecules, itacquires the shape of the containing vessel.

Gas molecules are relatively far away from one and another. Due to which,
gas neither posseses a definite volume nor a definite shape.
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Plasma

The plasma is a gas in which most of the atoms
are ionized containing positive ions and electrons
(Fig. 7.3-a). They are freely moving in the volume of the
gas. Due to presence of positive ions and free electrons,
plasma is the conducting state of matter. It allows
electric current to pass through it. Since the gas in
plasma state has properties which are quite different
from ordinary gas, therefore, plasma is known as fourth

hv

Fig. 7.3(a) Plasma

state of matter. The Sun and the most of other starsiare in plasma state. Plasma is
also found in plasma TV and in gas discharge tubesy(Figw#.3-b) when electric
current passes through them. The plasma state also occurs during the early
stages of lightning formation known aslightning, streamers which are the
conducting paths through the atmosphere duete ionized air molecules.

Fig§Z.3(b) Gas discharge tube

7.2 Temperatuie and Heat

When we touch ice, we feel.cold, When we dip
our fingers inwarmwater, we feel'hot. Thus; by sense of
touch we'éanstelhwhich of the bodies'is colder or hotter.
A hotter hody is said to be at higher temperature as
compared toa colder body.

Temperature of a body is defined as degree
of its hotness or coldness.

It is our common experience that when we heat a
body, its temperature rises. Process of heating provides
heat or thermal energy to the body which is the cause
of therise in temperature.

Ice cubes

Warm water
Fig. 7.4

The following activity will help to define temperature.

Activity 7.1

The teacher should arrange hot water in some tea cups, thermometers and metal spoons.
Make groups of the students. Each group will put the spoon in the hot water and stir it. Ask
them what do they feel. Does the other end of the spoon also become hot?
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Do they observe that the spoon also gets hotter? It means heat is being transferred from the
hot water to the spoon because the temperature of the water was higher than that of the
spoon.

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:

Heat is the energy which is transferred from one obje anotherdue to
difference of temperature between the two bo@s. P

Temperature and Internal Energy

We know that matteris composed
of molecules which are always in
motion. Molecules of a solid are
vibrating about their fixed positigns.
The molecules of a liquid are sliding
one over the other and those' of gases
are randomly moving. The melecules
possess kinetic energy on agcount of Fig. 75 The internal energy of air
their motion. Potential energy is also inside ahot-air balloon increases as
associated with smelectiles because of the temperature increases.
their attractive forces.

heelim of kinefic a pMal energies of the
ecules of an o is called its internal energy.

When'we heat a 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 internal
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.

7.3 Thermometers

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
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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
athermometer are the following:

1. Itis a good conductor of heat.

2. It gives quick response to temperature changes.

3. It has uniform thermal expansion.

4. It has high boiling point. 5. It has lowfreezifig point.
6. It has large expansivity (low specific heat capacity).

7. It does not wet glass. 8. It does netvapourize.

9. Itisvisible.

Liquid-in-Glass Thermometer '

We know that liquids expand'on heating. So, expansion in the volume of a
liquid can be used for the measutement of temperature. This is known as
liquid-in-glass thermometerf One)such liquid qwhich®is commonly used in
thermometers is mercury.Figure 7.6 shows a mércury thermometer. It is made of
glass. It has a bulb at one endfilled with mercury.

Mercury Thick glass stem Range from
/ -10°C tc/) 110°C
-10 0 10 20 30 40 50 60 70 80 90 100 110°C’>
. , . / /
Bulb with'thin Scale, usuallysin 1° divisions Fine-bore,
glass wall but can readto 0.1°C on very uniform
long, fine-bore tubes evacuated tube
Fig. 7.6

When the temperature 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 liquid, but it must be coloured to make it visible.

Point to Ponder! Brain Teaser!
Could we make mercury (@ Why the walls of the
thermometer if expansion thermometer bulb are thin?
of glass would have been (b) Why the inner bore must be
greater than mercury? narrow?
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NOT FOR SALE-PESRP



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 corresponds 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 scales are:

(i) Celsius or centigrade scale
(i) Fahrenheit scale
(i)  Kelvinscale

In Celsius or centigrade“scale, the
numerical values assigned toflowen and upper
fixed points are 0 and 100. As, the difference
between these values is 100, so the space
between these points,is divided into 100%qual
parts. Each part iskhewnas 1°C.

In Fahrenheit scale, the lowerfixedypoint
is labelled as%32™“and upper @s 212. As the
difference between these two numbers is 180,
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 used in 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 values is 100, so the width of 1K
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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For Your Information!

The pressure of a given mass of gas
increases with temperature. So,
pressure of a gas is also a
thermometric property which is used
in gas thermometers. The resistance
of a given length of wire also
depends upon temperature. It
increases with the increase in
tempera So, the resistance of a

hre i 0.a thermometric
su n nd’is used in platinum
Jesistange thermometer.

°F

°C

s )

212°F 100°C

%) (%] (%]
c c [
4% .2 .2
2 2 2
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© © ©
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s) S S
A A A
32°F — 0°C

Comparison of
three scales of temperature
Fig. 7.7



of a substance cease to move. Their average kinetic energy becomes zero. This is
known as absolute zero. Its value is -273.15 °C. For calculations, it is simply taken
as -273 °C. Absolute zero is the lowest possible temperature ever to be in the
whole universe. The matter does not exist below absolute zero temperature.

Conversion of Temperature from One Scale to Another

If the temperature of a body is T, on Celsius scale, T, on Fahrenheit scale
and T, on Kelvin scale, then these readings are related by the following formulae:

(i) Conversion of Celsius (centigrade) to Fahrenheit scale:

T, =%x T.+32 ... 7.1) \
(i) Conversion of Fahrenheit to Celsius scale: @
T = % (T.=32) (7.2)
(iii) Relationship between Kelvin and Celsi ales:

T.=T.+273 ... (7.3

Example 7.1 @
How much 30°C temperatureywould be on Fahrenheit and Kelvin scales?
Solution &

- % x 30°C+ 32°=86°F

Using 71, =T +273
= 30°C + 273 = 303K

7.4 Sensitivity, Range and Linearity of Thermometers

A thermometer is evaluated by its three key characteristics that are
sensitivity, range and linearity. They help determine the suitability of the
thermometer for specific use ensuring accurate and reliable measurement of
temperature.
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Sensitivity

Sensitivity of a thermometer refers to its ability to detect small changes in
the temperature of an object. For example, the minimum division on the scale of
a thermometeris 1°C. 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 accuracy of 1°C.

Range

This refers to the span of temperature, from,low toshigh, over which the
thermometer can measure accurately. For example, a%elifical thermometer
designed for human body temperature has a narrow onshort range, say from
35°Cto 45°C. Along-range thermometerist@sually used for science experiments
in the laboratory with markings from £10°Gstey1 10°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 @nd boils'at 357°C. Hence, we can construct
mercury in glass thermometers within this range. Thesmatking scale depends on
desired range of measurementt. Forextremely low, temperatures, alcohol is used.
Alcohol has a much lower freezing point aboutt112°Ciwhich increases its lower
limit for the range but it has [ower upper limitas ithoils at 78 °C.

Linearity

Thisefers to adirect propastionakrelationship between the temperature
and scale readingsacross entire range of measurement. A good linear
thermometérshould measure equal increments on the scale corresponding to
equal change in the temperature. It'means that marking on the scale should be
evenly spaced over the whole range. High linearity means more consistent and
proportional scale readings over the entire range to ensure accuracy of
measurement.
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EXERCISE

A Multiple Choice Questions

7.1

7.9

7.10

Tick (v) the correct answer.

How do the moleculesin asolid behave?

(@) Move randomly (b) Vibrate about their mean positions
(c) Rotate and vibrate randomly at their own positions

(d) Move in a straight line from hot to cold ends.

What type of motion is of the moleculesina gas?

(@) Linear motion (b) Random motion

(c) Vibratory motion (d) Rotatery motion
Temperature of a substance is:

(a) the total amount of heat contained insit

(b) the total number of molecules in,it

(c) degree of hotness or coldness$

(d) dependent upon the intermolectilar 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 Kelvin scale, the temperature correSponding to melting point of ice is:
(a) zero (b) 32 (c) -273 (d) +273

The tempefatureywhich has the same value on Celsius and Fahrenheit
scaleis:

(a) -40 (b) +40 () +45 (d) -45

Whiehene)is a better choice for a liquid-in-glass thermometer?
(a)Is,colourless (b) Is a bad conductor

(c) Expand linearly (d) Wets glass

One disadvantage of using alcohol in a liquid-in-glass thermometer:

(a) it has large expansivity (b) it has low freezing point (-112°C)
(c) it wets the glass tube (d) its expansion is linear

Water is not used as a thermometric liquid mainly due to:

(a) colourless (b) a bad conductor of heat

(c) non-linear expansion (d) a low boiling point (100°C)

Athermometer has a narrow capillary tube so that it:
(a) quickly responds to temperature changes

(b) can read the maximum temperature

(c) gives a large change for a given temperature rise
(d) can measure a large range of temperature
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B Short Answer Questions

7.1

7.2

7.3
7.4
7.5
7.6
1.7

7.8

7.9

7.10
7.11
7.12
7.13
7.14

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.
What is the effect of raising the temperature of a liquid?

What is meant by temperature of a body?

Define heat as ‘energy in transit'.

What is meant by thermometric property“ef a sdbstance? Enlist some
thermometric properties.

State the main scales used for the measurement.oftemperature.

What is meant by sensitivity of a thermometer?

What do you mean by the linearityyof@thermometer?

What makes the scale reading of a thermometer accurate?

What does determine the direction of heat flow?

Distinguish between the'heat and internal enérgy,

When you touch aceldsurface, does coldtravel fromthe surface to your
hand or does energytravelfrom your handto coldsurface?

Canyou feel your fever by touchingyeur owniforehead? Explain.

C Constructed Response Questions

7.1

7.2

7.3

7.4

7.5

7.6
1.7

Is kinetic moelécular thegry of imatter applicable to the plasma state of
matterescribe briefly.
Whyis mercury usually preferred to alcohol as a thermometric liquid?
Why is water 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 liquid-in-glass thermometer
may be altered to increase 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 stove for the same time, what will
be thenrise in 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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There are various objects made of cotton, wood, plastic, metals, etc. In a
winter night, compare their temperatures with the air temperature by
touching them with your hand.

Which is greater: anincrease in temperature 1°Corone 1°F?

Why would not you expect all the molecules in a gas to have the same
speed?

Does it make sense to talk about the temperature of a vacuum?

Comment on the statement: “A hot body does not contain heat”.

Discuss whether the Sun is matter.

D Comprehensive Questions

Describe the main points of particle thegry of matter which differentiate
solids, liquids and gases.

What is temperature? How is itgM@asured? Describe briefly the
construction of a mercury-in-glass thermometer.

Compare the three scales used for méasuring temperature.

What is meant by sensitive, range and linearityfofthermometers? Explain
with examples.

E Numerical Probiems

7.1

The temperature of a normal human body o Fahrenheit scale is 98.6°F.
ConvertigintgCelsitis scale and Kelvin scale.

(37°C, 310 K)
At whatitemperature CelSius and Fahrenheit thermometer reading would
bethe same? (- 40°)
Convert 5°F to Celsius and Kelvin scale. (-15°C, 258K)
What is equivalent temperature of 25°C on Fahrenheit and Kelvin scales?

(77°F, 298 K)
The ice and steam points on an ungraduated thermometer 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 the ice point mark?

(35°0)

The length between the fixed point of liquid-in-glass thermometer is
20 cm. If the mercury level is 4.5 cm above the lower mark, what is the
temperatureonthe Fahrenheitscale? (72.5°F)
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4y _Magnetism/
8

Student Learning Outcomes
After completing this chapter, students will be able to:

* Describe the forces between
magnetic poles and between
magnets and magnetic materials
[Including the use of the terms

north pole (N pole), south pole (S
pole), attraction and repulsion,
magnetised and unmagnetised]

* Describe induced magnetism

» Differentiate between temporary
and permanent magnets

* Describe magnetic fields [as a region inwhich a magnetlc pole experiences a force]

e State that the direction of the
N pole of a magnet at th 0
e State that the relative st

magnetic field I|n

» State that soft magnetic materials (such as soft iron) can be used to provide shielding
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 pieces of iron.

8.1 Magnetic Materials

Some materials are attracted by the magnets. They are called magnetic
materials. Some properties of the magnets are given below.
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1. Magnetic Poles North

) West East
If a bar magnet is suspended

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
magnetic pole (S) as shownin Fig.8.1.

South

Fig. 8.1

2. Attraction and Repulsion of Magnew

When two freely suspended bar magnets are
placed close to each other, the two north péleswill
repel each other (Fig. 8.2). So will the two séuth
poles (Fig. 8.3). </Fig. 8.2

However, if the north pele ofy,one is placed
near the south pole ofgthelother) the poles will
attract (Fig. 8.4 & Fig. 8:5). We,can say that'Like

<
poles repel and unlike polesattract. Fig. 8.3
3. IdentiﬁcamNMagnet |/

N
4
Toridentify whether an objectsis a magnet or Fig. 8.4

simply a magnetic material, we can'ring its one end
close to any‘pole of a suspended bar magnet. If it is
attracted, then we can conclude that the end of the A

ig. 8.

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
objectisagain attracted, itis nota magnet but it is a magnetic material.

If it is repelled by the other end of the suspended magnet, then the object is a
magnet.

The repulsion between the like poles is
a real test to identify a magnet.
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4. Is Isolated Magnetic Pole Possible?

If we break a bar magnet into two equal
pieces, can we get N-pole and S-pole separately?
No, it is not possible. Each piece will have its two
poles, i.e, N-pole and S-pole. Even if a magnet is
divided into thousands pieces, each piece will be a Fig. 8.6
complete magnetwithits N, and S-poles (Fig.8.6).

8.2 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 magfetism has induced
init. You can perform an activity to observe this fact.

Activity 8.1
-
The teacher should facilitate each group t rm this activity as per instructions.

1. Take a magnetic compass. Put it on a table and s hich end of its needle points north.
The N-pole of the needle is usually caloured red.
le. In which direction

2. Place a bar magnet on the table. Bring,the compass near -po
does the N-pole of the n@ &

e S-pole of thebar magnet. In which direction does the N-pole
nis time?

ail having it @ on ith any pole of the bar magnet.

N S

5. Putthe compass near to the pointed end of an iron nail. Observe the direction in which
N-pole of the needle settles. Has the nail become a magnet? Has magnetism been
inducedinit?

6. Take the bar magnet away from the nail. Again check the behaviour of the nail by bringing
compass near to its ends. Does the magnetism vanish?

From the above activity, we conclude that the S-pole of the true magnet induces N-pole
in the near end of the piece of iron (nail) while the far end of the iron piece becomes
S-pole as shown in the figure.

It should be noted that the induced magnetism vanishes as the true magnet is
removed.
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8.3 Temporary and Permanent Magnets

Temporary magnets are the magnets that work in the presence of a
magnetic field of permanent magnets. Once the magnetic field vanishes, they
lose their magnetic properties. You have learnt something about a magnetic field
in lower classes. In this chapter, we will study itin 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 placihg objects made of steel and
some special alloys in a strong magneticsield far a safficient time. There are
many types of permanent magnetic materialssForn€example cobalt, alnico and
ferrite.

8.4 Magnetic Fields

When a magnet attracts'a certain n@agnetic
material, it exerts some foree toydo so. Similafly, when'it
attracts or repels ajnagneticipole of another magnet, it
exerts a force on it*This force can be gbserved up™to a
certain distancesfrom, thefmagnet that can be gxplained
by the concept af magnetic field arotind the magnet.

A magnetic field is the region areund a magnet where
an other‘magnetic object experiefices a force on it.

The pattern of a magnetic field around a bar
magnet can be seen very easily by a simple experiment. Fig. 8.7

If iron filings are sprinkled on a thin glass plate placed over a bar magnet,
the filings become tiny magnets through magnetic induction. Now if the glass
surface is gently tapped, the filings form a pattern. This pattern is known as the
magnetic field pattern (Fig.8.7). This pattern can be better shown by lines that
correspond to the path of the filings. These lines are called magnetic lines of
force.
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Magnetic lines of Force
The magnetic lines of force around \\ //

a bar magnet can be drawn by using a

small compass. The needle of the compass
will move along the magnetic lines of force. // \\
Figure. 8.8 shows the magnetic lines of

force around a bar magnet drawn by this Fig. 8.8
method. The compass needle is

symbolized by an arrow being the north

pole (Fig. 8.9). X4

The magnetic field at a point has both s
amagnitude and a direction. Fig. 8.9

The direction of the magnetic fieldat any pointin space
is the direction indicatéd by the N-pole of a magnetic
compass needle placediat that point.

Figure. 8.8 also shews'that the field linés appear to originate from the
north pole and end on the 'seuth pole. Act@iallypthe magnetic field extends in
space all around the:magnet but the figure'Shows thefield in one plane only.

Strength of MMetic Fﬂd‘

The strength”of the magneti¢ field is proportional to the number of
magnetig linéswof force passing thidugh unit area placed perpendicular to the
lines. Thuspthe magnetic field is stfanger 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 regions. Away from the
poles, the magnetic field becomes weaker.

ww=i=()

Fig. 8.10 Fig. 8.11 Fig. 8.12
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In case the two magnets are placed close to each other, their combined
magnetic field can also be drawn by using the compass needle. Figure. 8.10 and
Fig. 8.11 show the patterns of the combined magnetic field of two magnets lying
with different orientations. In Fig. 8.11, point 'x' is called a neutral point because
the field due to one magnet cancels out that due to the other magnet. Figure.
8.12 represents the field pattern of a horse-shoe magnet. The field is almost
uniform between the poles except near the edges.

8.5 Uses of Permanent Magnets

There are many uses of permanent magnets such@s:

They are the essential parts of D.C motors, A.GandD.C glectric generators.

Permanent magnets are used in the movingscoilloud-speakers.

These are very commonly used in door catchérs:

Magnetic strips are fitted to thefdoors ofrefrigerators and freezers to

keep the door closed tightly.

5. They are commonly used to separate,iraf objects from different mixtures.
Flourmills use permanent qiagnets to remove.ron nails, etc. from the
grains before grinding.

6. In the medical field, they are used to remaye irepsplinters from the eyes.

7. A piece of permanent magnet is usedjto resetythe iron pointer in a
maximum andminimumthermometer.

A=

8.6 Electromagnets

Electromagnets are alsoga kind offtémporary magnets. The following
activitywilhshowshow electromagnets can be made and tested.

WHhen an electric current passes through the coil of wire, magnetic field is

produced inside the coil that magnetizes the iron nail. As we have observed that

the magnetic properties of an Iron
electromagnet are temporary, therefore, Thread Nail
iron object remains a magnet as long as Coil
the electric current passes through the
coil. When the current is stopped, it no
longer remains a magnet.

An iron nail or a rod becomes a magnet
when an electric current passes through Switch Battery
a coil of wire around it. It is called an

Clips
electromagnet.

Fig. 8.13
NOT FOR SALE-PESRP
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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 clips held by the nail
in these 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 ofthem are described below:

Magnetic Relay

This is a type of switch which works
electromagnet. It is an input circuit whi orks
low current for safety purpose. When i

ks wit

activates another circuit which wor hlgh
current (Fig. 8.14).

O U UUUUCT

Fig. 8.14
Circuit Breaker

A circuit breaker is designed to pass a€ertain maximum current through it
safely. If the currentlbecomes excessive dt'switches OFF the circuit. Thus, electric

appliances are prote rom burning. It is agreplacement of fuse which was
used for thig,pu Q@ ig.8.15).
per Strip Armature Pivot Spring
|
Current ~ Switch
contacts
q
€
€
Coil <
around =
. €
Iron core p Plastic
) frame
Current 9
Fig. 8.15
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Te|ephone Reciever Electromagnet

Diaphragm
Varying electric current received waw /
from the other side is converted into sound
by using an electromagnet fitted inside the \\\
receiver of a telephone (Fig. 8.16).
'\\ Varying
/current
Fig. 8.16
Electromagnetic Cranes
Huge electromagnets are used

in cranes at scrapyards, steel works and
on ships to lift iron and steel objects
(Fig.8.17).

For Your Information! O\ Fig. 8.17

A wonderful

electromagnets can seen i e

Maglev trains. The magley stands fora

magnetically levitg tra maglev

uses force % om induced

magnetism t e float a f

centi the guideway. T .

is why, need wheels an uideway  Rail

faces no frictien. In Japan, itis known as Arm

a bullet train that can run up to a speed

of 400 km per hour. Levitation

As described above, magnetic Sllze gl
levitative only lifts the train and does (a) Guideway (b)

not move it forward. To push the train
forward, propulsion electromagnets are installed along the guideway and train. The push
and pull of these magnets moves the train forward.

8.7 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
124
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field of a permanent magnet. The steel bar can be stroked in two ways:

(a) Single-Touch Method At ~y
A steel bar is placed on a horizontal surface. Itis ,
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. 8.18.
(b) 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. 8.19). This method is more efficientsthan the
firstone.
In both the cases, the poles produced at the endsof
magnetized steel bar after stroking are of the
opposite polarity to that of the stroking pole.

¥
r Permanent
y magnet

Steel bar
Fig. 8.19

2. Making a Magnetusing Solenoid
In this method,“"a, steel bar tos be
magnetised is placedsinside a'solenoid (loag coil
of wire) as shown in Figy8.20. The solengid should Clrrent Cul;ent
have several hdndred, turns of insulated copper Fig. 8.20
wire. When'diregt_current is passed ‘through
the solehoid, the steel bar becomes’a magnet. The polarity of the magnetised

steel barigfound by applying Righthand Grip rule which is stated as:

Grip the 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 solenoid, 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 magnet
loses its magnetism very quickly (Fig. 8.21). Fig. 8.21

e
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2. Hammering

If we beat a magnet, the domains lose their

alignment and the magnet is demagnetised. It is also

called hammering (Fig. 8.22).

3. Alternating Current

1V
W

Fig. 8.22

When an alternating current (A.C) is flowing
through a long solenoid, a magnet moved out slowly

frominside of the solenoid is demagnetised (Fig. 8.23).

8.8 Applications of Magnets in Recording Technology

Electromagnets have widely used™in

recording technology of sound,

video and data in the form of electrical signals through magnetization of a
magnetic material. Most common magnetic rec¢ording mediums are magnetic
tapes and disk recorders which are'used not only to reproduce audio and video
signals but also to store computer data. These materialsiare usually coated with
iron oxide. Some other recordingsimediums are,magnétic drums, ferrite cores
and magnetic bubble memory We will discuss the, process of magnetic

recording on tapes and disksih,some detail.

Magnetic TavWing

Induced “magnetism is uSedjin“the
proce§smof magnetic tapeirecording.
Recording,and playing head is a cail of wire
wrapped around an iron core. The iron core
has a horse-shoe shape with a narrow 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
a S-pole at the other end. The magnetic field
lines pass through the iron core and cross the
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Recording
head
Magnetic Tape
coating travel
Plastic backing Fringe field penetrates

magnetic coating

N S

Induced
magnetism

Fig. 8.24
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gap. Some of the field lines in the gap curved outward as shown in Fig. 8.24. 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 or picture.

Hard Disk Recording

Hard disks are circular flat plates

Rotating )
made of aluminium, glass or plastic and magnetic Reahd/"(vj”te
. L . disk ea
coated on both sides with iron oxide. Hard
disks can store terabyte of information.
Voice coil

A magnetic head is a small sositibner
electromagnet which writes a binary digit
(1 or 0) by magnetising tiny spots on the
spinning disk in different directions and
reads digit by detecting the magnétisation
direction of spots (Fig. 8.25). The'termhard
disk is also used to refertosthe whale of a Figh'8.25
computer's internal data storage.

Magnetic diskdevices have an advantage overtapes recorders. A disk unit
has the ability tosreadyor write a recaording instantly while locating a desired
information.on tape may take many.minutes.

Electronic devices can bé protected from strong magnetic effects by
enclosing them.in the boxes made of soft iron. We will describe it in detail in the
next section.

8.9 Soft Iron as Magnetic Shield

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

Soft iron casing

of soft iron is put into a magnetic field, it
generates a magnetic field due to \ /
mag netisation. External magnetic field
Fig. 8.26
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If a sensitive magnetic device is enclosed in a casing of soft iron, the
magnetic flux gets established in the soft iron rather than the device. Thus, the
device is shielded from external magnetic field.

Figure 8.26 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 coresfof_transformers and
electromagnets because of its high permeability. Inycasé of an electromagnet,
the core of soft iron can be easily magnetised when current is passed around it
and quickly lost when current is stopped. That iswhy, electromagnets are widely
used in electric bells, loud speakers, picking_andyeleasing iron scraps by the
cranes and in many more appliances®The)sensitivity of a moving coil
galvanometeris also increased by placing a seftiron core inside the coil.

EXERCISE

A Multiple Choice Questions

Tick (V') the correctianswer.

8.1  Which one ofithe following is not@®magnetig,material?
(a) Cobalt (b) Iron
(c) Aluminium (d) Nickel
8.2 Magnetic lings'of force:
a) areralways directed in a'straight line
(b)'eross one another
(c) enterinto the north pole
(d) enter into the south pole
8.3  Permanent magnets cannot be made by:

(a)softiron  (b) steel () neodymium (d) alnico
8.4 Permanentmagnetsareusedin:

(a) circuit breaker (b) loudspeaker

(c) electric crane (d) magneticrecording
8.5 Acommon method usedto magnetise a material is:

(a) stroking (b) hitting

(c) heating (d) placing inside a solenoid having A.C
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8.6 A magnetic compass is placed around a bar magnet at four points as
shown in figure below. Which diagram would indicate the correct
directions of the field?

® © ® ©
CEEEEC © N C© O © © M

© ® ® ©

(a) (b) (c) (d)

would be the correct polarity of the AB mag

vy
; & ’
@ (b) © e =1
Steel bar

8.8 Thebestmaterial to protec%/ice from exte agneticfieldis:
Jcti (c)ste&el ftiron

nt magnets?

8.7 A steel rod is magnetised by double touch strokiz method. Which one

C Constructed Response Questions

8.1  Two bar magnets are stored in a wooden box. Label / ] P ] \
the poles of the magnets and identify P and Q
objects.

8.2  Asteel bar has to be magnetised by placing itinside
a solenoid such that end A of a bar becomes N-pole H |
and end B becomes S-pole. Draw circuit diagram of h :
solenoid showing steel bar inside it. A———"8

Steel bar
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8.3

8.4

8.5

Two bar magnets are lying as shown in the figure. A compass is placed at
the middle of the gap. Its needle settles in the north-south direction. Label
N and S poles of the magnets. Justify your answer by drawing fields lines.

A

Electric current or motion of electrons produce magnetic field. Is the
reverse process true, that is the magnetic field gives rise to electric
current? If yes, give an example and describe'ibriefly.

Four similar solenoids are placed in a

circle as shown in the figure. The b

magnitude of current in all of"them

should be the same. Show by diagram, c

the direction of current in each solenoid Jm o qm
such that when currentyin anyone A
solenoid is switcheds#@FFjthe net =
magnetic field at the,centre Q is directed B

towards that solenoidwsExplain your
answer.

D Compreheisive Questions

8.1

8.2

8.3

How can youw’identify whether an object is a magnet or a magnetic
matefials

Deseribe the strength of a magnetic field in terms of magnetic lines of
force. Explain it by drawing a few diagrams for the fields as examples.

A magnet attracts only a magnet. Explain the statement.
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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 quantity.

Base Units: The units in System
International, which are seven in

number.

Centre of Gravity: The point of body
where its whole weight acts.

Centripetal Accelerationt
Acceleration the

centripetal force.

producedy, by
Centripetal Force: The force which
keeps an object to move in a circular
path.

CircularmMotion: Motion of ajbody
alonga cireular path.

Components of a Vector: Such vectors
when added give the resultant vector.
Couple: When two equal and unlike
parallel forces act at different points of a
body, then they constitute a couple.
Density: Mass of unit volume of a
substance.

Derived Quantity: A quantity which is
expressed with reference to base
quantities.

Derived Units: Units which can be
derived from base units.

Displacement: The shortest distance
between two points.

Dynamics: Study of motion of bodies
under the action of forces.

Efficiency: Ratio6foutput and input.

Elastic Potential Energy: Energy of a
compressed orstretched spring.

Elasticity:” The, property of the solids
because .off which they restore their
original shape when external force
ceasesto act.

Electromagnet: A temporary magnet
when electfic current flows through a
coil wrappedafoundianiron rod.

Energy: Ability'efabody to do work.

Equilibrium: A state of a body which has
no acceleration.

Force: The agent that changes or tends
toichange the state of a body.

Friction: The force that tends to prevent
the bodies from sliding over each other.
Gravitational Field: The region around
an object 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 one place to another
because of difference of temperature.
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Horizontal Component: The
component of a vector which is along
horizontal or x-direction.

Hydraulic Brakes: Brakes working
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 energy.

Inertia: The characteristic of a body due
to which it resists against any change in
its state.

Internal Energy: Total energy of
molecules of an object.

joule: The unit of work in System
International.

Kilowatt-hour: Work done jf* oné houriat a
rate of one kilowatt.

Kinematics: Study of motiontef bodies
without taking into consideration of the
mass and forces.

Kinetic Energy: Energy of a body due to.its
motion.

KineticFrictionzkriction during motion.
Least Count: The minimum measurement
recorded by aninstrument.

Light Year: The unit of distance for celestial
bodies equal t09.46 x10™ m.

Like Parallel Forces: Forces acting along
parallellinesinthe same direction.

Limiting Friction: The maximum value of
static friction.

Line of Action of a Force: The straight line
along which the force acts.

Linear Motion: The motion of body along a
straightline.

Mass: The characteristics of a body, which
determines the acceleration produced by
the application of a force.

Mechanics: The branch of Physics which
deals with the study of motion of bodies.
Magnet: It attracts magnetic materials and
stays north-south direction when
suspended freely.

Magnetic Compass: A direction indicating
device using a magnetic needle.

Magnetic Field:'Space around a magneticin
which force is exerted on another magnet.
Momentum:\The product of mass and
velocity of a moving body.

Neutral \Equilibrium: The condition of a
body in 'which its centre of gravity neither
r i S e S
nor lowers of“its original position after
disturbance.

OrbitalSpeed: A critical speed of a satellite
in arderto keep on'moving around the Earth
ataspecificheight.

Parallel Forces: Forces acting along the
parallellines.

Physical Quantities:

Measurable characteristics of objects.
Physics: That branch of Science, which
explains the properties of matter, energy,
spaceandtime.

Plasma: A state of matter in which most of
the atoms are ionized into positive ions and
electrons.

Power: Rate of doing work.

Precision: Determined by the instrument
used equal toits least count.

Prefix: Symbols added to a unit to write it by
power of 10.

Pressure: Force exerted normally on unit
areaofan object.
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Random Motion: Motion without any
consideration of time and direction.
Perpendicular Components: The
components of a vector which are mutually
perpendicular to each other.

Resolution of a Vector: Division of a vector
into its components.

Resultant Vector: Such a vector which
shows the combined effect of two or more
vectors.

Rolling Friction: The friction produced
during the motion of one body over the
other with the help of wheels.

Scalar Quantities: Quantities which can be
specified by their magnitudes only.
Scientific Notation: The number written as
power of ten or prefix in which there is only
one non-zero digit before decimal.
Significant Figures: In a measurement, the
correctly known digits and the first doubtful
digit.

Sliding Friction: The friction between two
surfaces sliding against éach other.

Speed: Distance covered by a body in unit
time.

Stable Equilibrium:Thesondition of@a body
in whichitscomesito its original condition
after beingdisturbed.

Static Frictiony The force of friction arising
due to 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.

Torque: Product of force and its moment
arm.

Uniform Acceleration: Equal changes in
velocity in equal intervals of time.

Uniform Speed: Equal distances covered by
abodyinequalintervals of time.

Uniform Velocity: Equal changes in
displacementin‘equal intervals of time.
Unlike Parallel Forces: Forces acting along
parallellingsbutin opposite directions.
Unstable Equilibrium: The condition of a
bodyinwhich it does not come toits original
condition after disturbance.

Vectors Quantities: Quantities which can be
specified by magnitude as well as direction.
Velocity: Rate of change of displacement
with time.

Vergical Component: The component of a
vector whichiis along vertical or y-direction.
Vibratory Motion: The to and fro motion of
a bodyabout a fixed point.

Volume Expansion: Increase in volume.
Watt: The unit of power in System
International.

Weight: The force with which the Earth pulls
abody towards its centre.

Work: The product of force and the
displacementinthe direction of force.
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