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—

1. Physics and Human Society

inati i 'lll_gé‘;al;le to define physic
is fascinating unit where you wiltpc . ysics
;‘e’:ﬁg;n ljr;%;?ess of physics, explain the relation of physics to qther ficlds
of 'study appreciate the application of physics m the every day .hfe anq gef
to ]mc;w,the prominent contributors to the advanCement of physics. Enjoy!

1.1 Whatis phvsigs:’?_-,f

The word physics is thought to havé‘ come from the Gre§k word phusis
meaning nature. so, we can define"it as a field that studies the laws of
nature. v I|

—  —

Physics : Is a branch of naiu_‘m Science that studies about matter, energy
and their interaction ™ ) =

Physics, not only deséribpg the basic principles that make the universe
behave the way it does, but.also helps us to understand the working manner

of Cars, airplanes, roCkets, radios, computors, smart phones and so much
more simple and complex devices.

“ A persorwho studies physics is called physicist
1.2 Branches of Physics

Physics‘ddhave many branches some of them are the following

| “’ﬁ,Meé!lan'ics : Deals with the motion of bodies with or without
“w,, “eonsidering the cause of motion that is force.

{ Mechanics is further divided into two as classical and quantum mechanics
", = Classical or Newton

ian mechanics deals with moti interaction
between bodies. otion and inte

= Quantum mechanicg deal

such as electrons,
Scanned by CamScanner
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= Acoustics : Deals with the study of sound, its transmission,
production and effects.

= Optics: Deals with the behavior, propagation and propeme:, of
light. ),

= Thermeodynamics: Deals with the concept of heat, tempcrature
and the inter convertion of heat and other forms of energy.

= Electromagnetism: Deals with the electric ﬁeld magnenc field
and their interaction W,

= Nuclear Physics: Deals with the structure pp’operty and interaction
of nuclei of atoms C 4

= Astrophysics: Deals with the space objccts and space phenomena
exploration.

er-wm—. sumai [(Us{ralive E,\a'nples CTEND AR .
1. Physics studies about ~

A) Living Things ’C) Chemical Reaction
B) Matter and Energy H D) Politics
2. A person who studies phys:cg}s called
A) Physicist ;=¥ ) Chemist
B) Physician D) Pilote
3. The branch of physws that studies sound is
A) Optics C) Mechanics
B) Acousticg’ D) Thermodynamics
4. The branch mf ‘physms that studies light is
A) Opugs . C) Mechanics
B) Acoustms D) Thermodynamics
S. Geéphysms studies the
, B Earth B) Space C) Ocean D) Moon
6%.-_-_fsstrophysics studies the
A) Earth B) Space C) ocean D) Wave
1. Studies motion and interaction between bodies

T
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A) Thermodynamics C) Mechanics -

B) Optics D) Electromagnetism

Deals with the forces that occur between charged particles
C) Mechanics

8.

——

A) Optics

B) Electromagnetism isties
9. Heat, temperature and energy conversion studied via

D) Acoustics

A) Optics C) Acoustics
B) Thermodynamics D) Mechamics

10. The structure, property and interaction of nuclei is the concern of
A) Thermodynamics C) Mechanics
B) Electromagnetism D) Nuclear physics

et B e el G

1. B 4. A 7. C 10.D

2. A 5. A 8. B

3. B 6. B 9. B

1.3 Related Fields to Physics

Physics is the foundation of many disciplines. Some of them are
discussed below

- Enginee;ring : The design and analysis of civil, electrical,
mechanical, c.om'puter, electronics and other engineering structures
rely on the principles and concepts of physics.

= Biophysics : Makes use of the
to study living things.

= Geophysics : Uses the
the Earth.

principles and methods of physics
principles and concepts of physics to study

= Medic: ics : Di g3 .
al physics : Diagnostics and medical therapy such as x -

m_y.s,] .magncl‘lc resonance imaging (M R | ), ultrasound etc use
principles of physics,
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11. Why is Physics considered to be the basic scrence ?

o 0 ,
(_.f.t‘/)/ anation
— — —— - —

Because, the concepts of physics reach up more complicated sciences.

1.4 Historical Issues and
Contributors

As science and technology advanced, physics evolved from classical 1o
modem over the centuries

Classizal Physics : Evolved from the renaissance 1o the end of the 19™
century-

Modern Physics : Starts from the begining of the 20 century and modified
many laws of classical physics.

Modern physics caused dramatic changes in technology, way of life and
our view of the universe.

The most famouse physicists whose thoughts and contributions
revolutionized physics are given below

Physicist' Contributions
Galileo Galilei Studied the solar - system and the
PR N universe using a telescope

known as “father of physics™

mﬁdst and Engineer
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Isaac Newton

English mathematician, physiscist

Developing (,altll]ll% lormul\Q

] dled
aws of motion and vravnmmn

Greatest mathematj ca'lF "md
physicist of all tum.,

Micheal Faraday

English scientistsl )

Dlscovened the electromagnetic
1nducmon and benzene

Studled electrolysis

James Prescott‘.-J'ffqalé"" lv

, Enghsh physwtst and brewer

Studied the nature of heat and its
relation to mechanical encergy

Marle Curie Curie

lﬂmsh Frc11c11 phvswl::t

M\.N-‘h

[]
S RIHIvu My iz vl e

The first woman to win a Nobel
prize for the discovery of the
elements polonium and radium
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Best known for the general and
special theory of relativity and
the concept of mass - energy
eqivalence, E=mc¢2 ™

Albert Einstein

Known to be the greatest '
physicist of all tnme |

I. Give Short Answer to the following Quesﬁoqs. |

1. What is Physics ? N
2. What are the branches of Physics ?

3. Name fields related to Physics
4
S

. List some Physicist Contributed to adwance Physics
. Who Studied the rate of Energy ’a'aﬂsfer ?
i. Match items in Column “A” wlth those in Column “B”

A B

\\),
6. Isaac Newton A. Heat

7. Albert Einstein B. Electric Lamp

8. Thomas Edisops, C. Radium
9. 1.7 Thomsof ™ D. Neutron
10.Ernest Ruﬂh@ri'urd E.E=m¢?
I1. James Chadwmk P F=ma

12, WllhehnComad
13, Mang: ¢ urie

1
4.39“’3 Prescott 1. X -tay

G, Llectron

I, Protun

J. Telephone
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SO Answer.

I1. Short Answers.
l.

- ¥

& the End of unit Questiohsigs

Physics is the study of matter, energy and their interaction

Mechanics, optics, Acoustics, Thermodynamics, Electrom,agm(.tu I

Biophysics, Geophsics, Engineering, medecine

Galilio, Newton, Einstein, Edison, Watt, Joule of
James Watt )
III. Matching Item Answers e & :
6. F 8. B 10.H o f2p 14.A
7. E 9. G 11.D 1,3c
¥
e
o |
e .
N
¥ |
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\” I‘.

2. Physical Quantities

We are very happy to meet you in this wonderful unit where you will g
to know measuring scales, scientific notatjon, significant figures, prefixe
and define physical quantities, differentiate basic quantities from deriveg

quantities and distinguish scalar quantities from vector quantities. W

hope, you will love it.
2.1 Scales, scientific Notation,
significant Figures and Prefixes

What are Data Measuring Scales?
Studying natural phenoména{ involves quantifying events and observations.
For this purpose, we use levels of measurement called scales.

;___—ﬁp_:::
Scale: Is a set of number-or variables used to categorize,
or measure the level of something.

e ———

classify, comparé

In physics, th¢ most common types of data measuring scales are four.
Those are, nominal, ordinal, interval and ratio scales.

Nominal Seale: Classifies or categories data without asigning number
value mﬂvxylthout ordering or ranking =

F°’;,?@?ib"cs gender (male, female), religion (Islam, Christian), marti?
status(single, married), eye colour (blue, brown), subject (Physics, mati"
1,:1_"““”““ area (urban, rural)...etc

= It is a least precise method of quantification.

—_— ‘ ‘//—""4//
Ordinal Scale: Classifies data into categories that can be ordered o
ranked

—_——— E— /

large)

For example, students rank (1%, 2, 3%,), body size (Small, medium,
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.———-—i;é’(goor, good, excellent), grades (A, B, C)

judg :
- Precise measurement of differences does not exist since measured

values are not equally spaced.

f
| Scale: Ranks data but has no true zero value.

Interva
Interval>
For example, temperature (36 °C, 37%), 1Q (109,110), SAT Score

« Precise differences between units exist but there is no true zero.

-
“Ratio Scale: Ranks data and has a true zero value
_Ratio Sca

For example , height (1.75m, 1.78m), weight (550N, 600N), time (second,
minute, hour) length (millimetre, centimeter, meter)
s true zero, can be added, subtracted, divided or

- It is precise, ha
multiplied.

amples S

1. Why do we say there is no precision in an ordinal scale?

(S dz-natz'on

when we rank observation as 1%, 2 or small, large or poor,
good etc... There is no fixed interval between the data. That is, the
difference between 1% and 2, 2 and 3" may not be same. And, we
can not tell how much small is small and how much large is large !
Why? Defend your answer.

Because,

2. In an interval scale, there is no true zero.

For example, IQ tests do not measure people who nave 1~

intelligence. And 0° temperature does not mean no heat at all.

3. A ratio scale has a true point. Does this necessary mec.. ol
can be observed for a quantity?

g‘génation

No! " .
exo. for some quantities, a value of zero will never be observed. For

ampl?, we can never have a temperature of zero kelvin, a man of
il helght, .. €tC.

4. Ar
i € Ss¢ : . 5 e s :
ales involving division of two ratio scale also themselves ratio

Sy
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12 Unit-2 Physical Quantities
scales? Explain .

(‘:xgéna(zbn ___ -

Yes. Ratio scales obey the four basic operations of mathelw

s iemenroripvemamene® [([Uustrative Examples o

5. Which scale of measurement allows the four basic operations

mathematics?
A) Nominal B) Ordinal C) Ratio D) Interval

6. __ Scalehasthe capacity to indicate the complete absence of a qua ntity,
A) Nominal B) Ordinal C) Interval D) Ratio

7. Which scale of measurement is least precise?

A) Nominal B) Ordinal C) Interval D) Ratio

8. 5 gram is one - half of 10gram, and 15gram is 3 time of 5 gram is the
measure of _ scale

A) Nominal B) Ordinal C) Interval D) Ratio

Answers
5.C 6.D 7. A

8.D
What is Scientific Notation?

In physics, we may face numbers that are too large or too small which

are inconvenient to write or to read. To avoid such difficulties scientists
devised a simple method called the Scientific notation.

Scientific Notation:
small or too large usi

Is a simple way of, writing numbers that are too
ng the power of ten in the form

dx10°
Where: d is decimal number between 0 and 10

n is an integer exponent,

T
————as

—_— —

In the general form of the scientific notation, d x 10"

= d is a decimal number with onl
point

—

y one digit to the left of the decimal
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- 1 > 0 represents the number of times the decimal

to tlu right. And, point in d m(md

< 0 represents the n T s the dec: o _ Y
= n < 0rep umber of times the decimal point in d MY,

to the left.
For example: 2.5 x 10} = 2500m. and ) 4,
2.5 x 107m = 0.0025m “~\J)

[ LLustrative Examp e S

9. Write the following numbers using a scientific nota_;io‘h[f:j}.'-

a) 300000000 m/s ‘ )

b) 0.0000075m | (

¢) 6371000m ~ ( r

d) 0.0002517m "y .
a) 3.0 x 10® m/s Ny
b) 7.5x10%m .
¢) 6.4 x 10°m ﬂ
d) 25x10"m | r

What are Significant Flgures°

Not all digits are meamngﬁll in a measurement

Significant QM* Are reliable digits in a measurement
We use the followmg rule of thumb to determine significant figures

Rules to* Delermme the Number of Significant Figures
- Nonezei'o digits are considered as significant

Eﬂmple. 3456m has four significant figures
\ "" Zcmes are not considered as significant

Example: 345000 has three significant figures
™ Zetoes between none zeroes are considered as significant

Example: 34005m has five si gnificant figures

Scanned by CamScanner



—

14 Unit-2 Physical Quantities ~

= Zeroes after a decimal point are taken as significant

Example: 340.0m has four significant figures
= Zeroes indicating decimal places alone are not significan;

Example: 0.0034m has two significant figures.
= Numbers in front of a power of ten are considered as Significan

Example: 2000 has one significant figure
2.0 x 10* has two significant figure
2.00 x 10* has three significant figure

Note: The numbers like 20000, 3500, 12000....etc are called anbiguy,
since they can have different number of significant figures.

o e wescccona [L[LUSTralive Example W S miEng

10. Determine the number of significant figures for the following yalues,

a) 314000m e) 3.400kg i) 20.0 x 10°m
b) 21 005kg f) 314.201m j) 200 x 10'm
¢) 10.00m g) 0.000134m k) 30.04 x 10'm
d) 31.005m h) 2.0 x 10°kg
Answers ==
a)3 ¢4 e) 4 g)3 - i) 3 k) 4
b)5 d)S5 f) 6 h) 2 i) 3

What are Prefixes?

Scientists not only used the scientific notation to write very large ©

r ven
3 I'
small values, but also used symbols in front of units to replace the pow®

o

of ten.
_,,.-;—:::—fjfr
ing the poV*

Prefix: Is a symbol or a letter used in front of units replac

often L
Some of the commonly used prefixes are given below -
"
Prefix Symbol Exponent ] Disﬁ['_ﬂtl‘m/
Yotta Y 102 [ septillion .
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Zaa |7 107 Sextillion
Ext E 10 Quintillion
Peta P 10 Quadrillion
Tera T 10" Trillion
T G 10° Billion
;lfga M 10 Million
Killo K 10° Thousand
hecto h 10 Hundred
deca da 10! Ten
base b 100 One
deci d 10 Tenth
centi v 102 Hundredth
milli m 1073 Thousandth
mcro m 10¢ Millionth

- nano n 107 Billionth

. pico P 102 Trillonth
Femto f 105 Quadrillionth
Atto a ' >l 018 Quintillionth
Zepto Z 102 Sextillionth
Yocto y / 10-24 Septillionth

o oo Conceptual Example semr: s o owigms

I1.Do all pre fixes exist in-frofit of SI units? Explain

exgénat{on

Ie‘iOt a‘ll. l?or example, kilogram (kg) is the SI unite of mass. Here,
enifkilo (K) is a prefix,gram (g) is not an SI unit. ok!

i fodly v v L BT T o i
MO g R e e S

\
%

12 R v Jllustrative Examples’
W the following v
N OWing values using an appropriate prefixes
€ radius of the Earth is 6,371,000m

b) 1 .
ci T:e diameter of hajr i 0.000,0075m
© Speed of light i v

acuum is 300,000,000m/s
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16 Unit-2  Physical Quantities -
d) The distance of the sun from the carth i.s‘lis:;_n‘(;}') 000 ¢
' B S (TP
Answers :
a) 6.4Mm b) 7.5um ¢) 0.2G myss

(Ii | <+
) 0157,

2.2 Measurement and Safety

Our daily life 1s engaged in measuring things for d flerent e
We say a kilo of sugar, banana, coffee, a litter of water. milk, nafig oo
of cloth, string, cable and an hour, a day, a month and, year cte

—_—

Measurement: Is a process of comparing an unknown L|[121H[i;~J‘ with 5
known and internationally accepted standard unit of that quantity

——

For example, if we say 5kg of banana, it means that, the amount of banana,
we are talking about is Stimes large as the kilogram which is the standar
unit of mass.
In a measuring process, there are three key common elements

= The quantity to be measured

= The measuring instrument

= The standard unit of measurement

For example, we have the following measurements

et

Physical Quantity Measuring Instrument Standard Unit

Time Clock Second
Length Meter Tape Meter
Mass Balance Kilogram -

Laboratory Safety Rules

. s and
In a laboratory where experiment is done, since toxic chemicals :I:,
hazardions materials exist, students should follow safety rules so thqt ;?h)'-m:
laboratory can be a safe and enjoyable place for learning and disco¥

Some of the common laboratory safety rules are:

= Weara laboratory safety goggles, shoes, cloths ...... ete

= Avoid wearing ba clothing. . oirv. dangling brac
sandals.... etc ad ing, bulky jewelry, dang

elCtS‘
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—Unit-2  Physical Quantities | 17
eat, drink, chew gum in the laboratory

« Do not
« Never taste 0T smell chemicals

« Wash hands thoroughly after laboratory work
- Do not touch bare wires if not insulated

w Stand by hazard reducing materials like fire extinguisher

6¥ énatz’on-
S] unit standard for system international is a world wide accepted
standard unit of measurement. As an example, the SI unit of time
is second (8), the SI unit of length is meter (m) and the SI unit of
temperature is kelvin (K)

2.3 What are Physical Quantities?

Quantities that can be measured directly or indirectly are known as physical

quantities . The measured value of a physical quantity is described using a
number and a unit. |

Physical Quantity: Is anything that can be measured and expressed
using number and unit '

For example, if you have 3kg of banana,then the quantity measured is mass
with a magnitude of 3 and a unit of kilogram.

Physical quantities are classified into two major categories as,
= Fundamental and Derived |
= Scalar and Vector

So, '
MOW let's define and explain them one by one

2.
4 Pundamental and Derived
Quantities

Baseq
1o O Wheather : :
Classify ; 5 fund a physical quantity is measured directly or not, we

N .
mental or as a derived quantity.
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‘—-\\

Fundamental Physical Quantity: Is a quantity that M\\
and defined directly. Slrg

‘\

A fundamental physical quantity is also called a basic ph)/waal’ qu
Qn

and its unit is called basic unit. {
w A basic unit is a directly defined unit and it does not' dCPend on o
units. p 4

The seven fundamental physical quantities and their ba:'.ic units are given ey,

Basic Quantity Symbol Basnc unlt Symbol |
Length ! meter m
Mass m _» .-“'.__'_,.jl§*ilb;gram kg

Time t o %, “Second S
Temperature T 4 kelvin K
Electric Current I f % Ampere A
Amount of substance n Mole - mol
Luminous Intensity ) I» Candela Cd

As an example, let's sec_: how the quantities time, length and mass at
directly defined. L Y

L Nt &
e

_ & .
Time: Is the duration between the beginning and end of an event.

The SI unit of mne 18 the second (S)

- Second i§ tleﬁned as 9192631770 times the period of vibration o
cesmn;a I 33 atom.

None SI1 unlts of time are minute (min), hour (hr), day, month and year
The llnits m Time are Related as Shown Below

/
l nﬂ'nute 60 seconds
& :1 hour 60 minutes
I day 24 hours
1 week 7 days
1 month 30 days
1 year 365.25 days I
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e~ JLLUSEFALIVE Exam

T i

ot
4. Express the following durations in seconds

a) 3 hours c¢) 2/5 hours e) 2.5 hours

b) 0.2 hours d) 45 minutes f) 30.5 minutes
{5.Express the result of the following durations in seconds

a) 2 hours + 0.3 hours

b) 3 hours* 0.4 hours + 20 minutes

So&tt’ons ~ |

f-’ ﬁﬁ_ : {

4. a) 3 hours = (3) (60) (60) = 10800 seconds '
b) 0.2 hours = (0.2) (60) (60) =720 seconds

c) %hours=(-§-](60) (60) = 1440 seconds

d) 45 minutes = (45) (60) = 2700 seconds
e) 2.5 hours = (2.5) (60) (60) = 9000 seconds
f) 30.5 minutes = (30.5) (60) = 1830 seconds

5.
a) 2 hours + 0.3hours = (2) (60) (60) + (0.3) (60) (60) = 8280 seconds

b) 3 hours + 0.4 hours + 20minutes
= (3) (60) (60) + (0.4) (60) (60) + (20) (60) = 13440 seconds

Length: Is the distance between two points

The SI unit of length is the meter (m)
= Meter (m) is defined as a distance travelled by ligh

t in vacuum in a

: 1
fime of ——mm8m8M8 —
599797458 second.

None SI unit of 1 an
(Km) ength are millimetre (mm),

centimeter (cm) and kilometer
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The Units of Length are Related as Shown Below
//’_’;"—d—f o
] centimeter 10 millimeter =
I meter 100 centimeter
I kilometer 1000 meter -
¥ R - -:—\\__“\\;

16.1f the distance between two bus stations is 500m, then what is thls

distance in

a) Millimeter
17.Express the sum of the

a) 0.2km + 500cm + 2500mm

b) Centimeter ¢) Kilometer
distance given below in meter

b) Z km + 3.5km + 45000mm + 2500cm

So&tzbm '
16. 2) 500m = (500) (100) (1 0) = 500,000 mm
b) 500m = (500) (100)= 50,000 cm

c) 500m = (500)(1000) 0.5km

17. a) 0.2km + 500cm + 2500mm

1
= (0.2) (1000) + (500) ( )+ 2500( i )
1000
=200+ 5+25=207.5m
1
b) 4 km + 3.5km + 45000mm + 2500cm =

(%) (1000) + (3.5) (1000) + (45000)( 10100) + 25""(1:)0)

= 250 +3500 + 45 +25 = 3820m

T

Mass: Is the amount of
matter contained in a bod
y //

The SI unit of mass is the kilogram (kg)

Scanned by CamScanner



B

e —_—— o

’/’T.lfr;ipi 2  Physical Ouuntmes ’ 21
- I\llogr‘lﬂl is defined as the mass of A parucular platinug i:‘|lim.” i
cylinder in paris, F'rance.

None SI unit of mass are gram (g). milligram (mg) quintal. and tonme

the Units of Mass are Related as Shown Below

Tgr:,;f— 1000 milligram -
| kilogram 1000 gram
[ quintal 100 kilogram

| tonne 10 quintal

st

f‘,f .',‘. g, L%

#r1llustrative Examples: ##gs: x

P IR ¢
18.1f you buy 3 kilogram of banana, what is this amount in

a) Gram b) Milligram ¢) Quintal d) Tonne
19. Express the sum of the masses given below in kilogram
a) 0.2 ton + 0.5 quintal + 5000 gram

b) -;— ton + 2.5 quintal + 2500 gram

Solutions
18. a) 3kilogram = (3) (1000) = 3000 gram
b) 3kg = (3) (1000) (1000) = 3,000,000 milli gram

\
9 kg=(3) ( 1] ~003quina

\
d) 3kg= (3)( : )— 0.003 tonne.
19. 2)0.2 ton + 0.5 quintal + 5000gram

1
=(02) (1000) + (0.5) (100) + (5000) (3555)
=255kg
I
b) 3 ton + 2.5 quintal + 2500gram
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1 ._l_
_ (2) (1000) + (2.5) (100) ¥ (2500) (1000J
— 452.5kg

More over, physical quantities that
are called derived quantities.

Derived Physical Qu antity: 1s 2 QU
combining, that is dividing or multiplyin

can not be defined or measured direg

y

Is a quantity that can be obtained by

g two or more basic quantities.

For example, Area, Speed, density,
quantities
= The unit of derived quantities are ca

lled derived units.

—

force, pressure e.t.c are derive

Some of the derived quantities along with their units are give below;

| Derived Symbol Formuia Unit Symbol
7 Quantity
Speed v Dls.tance meter s
Time Second
Density p mass kilogram ke/m’
volume meter cube gm
Acceleration a veloccity change meter )
Time second square m/s
Force F (Mass) Newton 1kgm
(Acceleration) IN= e
Work W | (Fgrcc) ~ Joule lkgmz
(Displacement) 1= 'E/
Pressure P Force Pascal kg
- Area : [Pa=—7
_/

Scanned by CamScanner



|l

//——_—_ ———
—_———
T ———

/93‘};?‘. Physical Quantnties._ B | H_.J\T

20,WhiCh of the following is basic quantity?
A) Work B) Density C) Mass D) Pressure
51.1dentify the basic unit
A) Kelvin B) Pascal C) Joule D) Newton
22, All pairs represent derived quantities, except
A) Work, speed C) Density, volume
B) Mass, time D) Area, speed
73. Which of the following is a derived quantity?
A) Current B) Speed C) Length D) Temperature
724.1dentify the derived unit
A) Kelvin B) Mole C) Ampere D) Newton
25.All pairs represent basic units, Except
A) Kelvin, kilogram : C) Ampere, kelvin
B) Ampere, Joule D) Kelvin, Candela
26. All pairs represent derive units, Except
A) Candela, Joule C) Joule, Newton
B) Pascale, Newton D) Tesla, Weber
Answers
20.C 22.B 24.D 26. A
2L.A 23.B 25.B

2.5 Scalar and Vector Quantities

sng;:'myskﬂ quantities can be describéd by a number and a unit, that is
directli?:e alone, and some others are expressed using a magnitude and

. m lfy Q::;lmy; Is a quantity that can completely be described by
Lagitude ajone, Db A i

For gyan.’ A ‘ S : A
"~ Pample, time, mass, temperature, density, volume ...... etc are scalar
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: -+in guch as time, Mass and tempeatir. ...
27.Why do we say that quantitics R

scalar quantities? Explain

——

do not require direction for th_cjr;_’éiescriptm. For
ive to say 3 hours, 2kglor 37°. You do 1y
the east, 2kg due WESHOr 37% towards the

“ (" {ion:
Cuxplanation. S

Because, they
example, it is express
need to say 3 hours to

south ..... etc. ok! ('
»8.Can we conclude that, all the fundamentalvquantities are also scalar
quantities oy

énatz’on ~ N

Yes. All the seven bamc quantities are scalar quantities

Vector Quantity: isa quantitg’thﬁa‘tﬁiéquires both magnitude and direction
for its complete description., "

For example; displacemient, Welocity, acceleration, force, ........ etc are
vector quantities. b

Conceptual Example i

29.Why do we sdy quantities such as velocity and force are veclr

quantities? Explain

Beca — — ey
_@ecause they require direction for their complete description. FO'

: : > - :
~‘example, saying a force of 500N is acting towards north and a car

# "% quantities?

A b
No. Not al|.

For exam
etc are derj ple, area, volum :
rved quantities, But, are note\;ecd(:gjl:ly U’anspt?t‘;d, pressi®
ities.
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1. Whi ch of the following is a vector quantity?

A) Current B) Temperature C) Force D) Pressurc
32, Which Pairs are scalars?
A) Speed, Force C) Velocity, Force
B) Acceleration, pressure D) Density, pressure
13, All pairs are vector quantities except
A) Speed, distance C) Acceleration, velocity
B) Velocity, force D) Force, velocity
34. Which of the following is a scalar quantity?
A) Acceleration C) Velocity
B) Pressure D) Force
35.All pairs are scalars except
A) Acceleration,speed C) Temperature,speed
B) Current, mass D) Density,volume
| Answers
31.C 32.D 33.A 34.B 35.A

AVector Quatity can be Represented Either Algebraically or Geometrically

= A!Mmlly, a vector is represented by a bold face letter or a letter
with an arrow over its head.

For €xample, a force vector can be represented as F or F and tl?c
gnttude of the vector is represented by a light face letter or a letter in

- the absolute value notation as F or |F|.

nically, a vector is represented by an arrow that is drawn to an
The scale.
“’WT‘:ram‘ of the arrow is a tail and its final point is a head. If t.he
hea jpg: ., . 10 Scale, then its length represents the magnitude and its

®8 the direction of the vector as shown below
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Tail
While expressing a vector geometrically, we use an appropriae

. ‘ ’ . Scale .
draw its magnitude and a protractor to determine its direction, L

For example, to represent a force of 100N that is acting at an angle of
from the horizontal, we may let 1cm = 20N, hence 5cm = 100N ,use g mkr
and draw 5 cm at an angle of 30° from the horizontal using a Protractor
shown

2.6 Whatis Vectoy Resolution?

A vector can be decomposed into parts, and this process is called resolution

To resolve 2 vector into horizonta] or x - component and vertical or V-

com xTx
belofv‘.mem’ We need to use the basic trigonometric relations as define!
SO
> .
oy®° Opposite(b)
0
-
Adjacent(a)

Scanned by CamScanner



i

/'—U;l-i_tf- 2 Physical Quantities

/’,‘; _ _Opposit¢ _b C\""“
SmE = Hypothenus ¢ = Lsing A~

g - Adjacent _ a A NN
Cos Hypothenus ¢ = Ccoso "

3 :‘
tan6 = _(),PP_"S_‘_G 5 - tan™ (E)
Adjacent a a -

And, to combine the components, into one magmtude we use Pythagora’s
theorem as follows;

C = a2+b2 : L ¢ ;v‘
And, the angle that ¢ makes from a is obﬁqinéa from

taﬂ 9 = E \.;7 _:'
a L™

Now, suppose we want to decompogé‘vector A into a horizontal

—_—

Component, K; and a venicalficgmponent, Xy’ such that, A=A, + A,

Ay = Asinf

We Know: A = Acosd

>

C039=-1;1’:> A, = Acos6

Smﬂ__A_ = A, = Asin6
Where:
mag’lletu:; (:s the angle that vector A makes with the x - axis, and the

f vector A is obtained by:

Scanned by CamScanner



28 Unit-2  Physical Quantities T

A= ,/Af + A2, and its direction is: ~

A LA
tan@ = —- =0 =tan | —
A

A

X,

X

lllustrative Examples ¢4

36.An automobile moved a distance of 4000m at an angle of 37' .,
of east. What are the x and y components of the displacement of the
automobile?

37.1f a bus moved Skm due east and then 10km at 53° from the horizont
then what is the over all displacement of the bus. '

So/;tz"m ,
36.5_=Scos § =(4000) cos (37°) = (4000) (0.8) = 3200m

S,=$sin§ =(4000) sin (37°) = (4000) (0.6) = 2400m
37.S_=5km + 10 cos (53°) =5 + 6 = 11km

S =0+ 10sin (53 =0+8=8 km
S=,/Sf + 5
Sz\fllz + 8

S =13.6km

2.7 Addition of Vectors

» WE use 3 )
of vector algebra, ordinary algebra while, to add vectors we make us
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Never! For example, no quantity exists being the sum or dlﬂcn N
Cce

of force and velocity, acceleration and displacemcnl
19. Can we add vectors of different kind? Explain o

ctc ;

f

£ Egg“‘hﬂ ;L *:’-I'
— .

No. That is not possible. For example, we et nothing if we try to
add force and velocity or acceleration and dlSplacement

40.1f we have force of 4N and 6N, Can Wﬂ UQHCIUde that their result is
10N? Explain -

No! Depending on their dlrecuons the resultant of a 4N and a 6N
force varies from 2N to ‘1ON. For example, when they are acting in
the same direction, ﬂicn resultant is 10N, when they are acting at
right angle to each oiher, their resultant is 7.21N and when they are
acting in opposite dlreutlmis, the magnitude of their resultant is 2N

The resultant of two vector A and B can be denoted by R, and let’s
cmsxderthreecasesoncbyone

Addition of Parallel Vectors

The m“gﬂm‘ﬂﬂ éfthe resultant of two vectors acting in the same direction
's equal to the'sum of the magpitude of the two vectors and its direction is

- thl’‘l‘“"itmll40flhe two vectors.
mm“"f""e have two force vectors, F and F as shown
F, F,
Then their resultant is
P> - —
R= FI +F2 = . r e
R
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Addition of Antiparallel Vectors

o vectors acting in opposite diregy
two vectors and its directj,

The magnitude of the resultant of tw
is the difference of the magnitude of the
the direction of the bigger vector

“J‘]'.

)]
15 I

The is, if we have two force vectors F, and F, a8 shown

—_— -

F, Fz
Then their resultant
> > > — —
R=FI-F2 - R

Addition of Perpendicular Vectors

The magnitude of the resultant of two vectors acting at right angle to
each other is obtained by using pythagora’s theorem and its direction is
determined using the basic trigonometric relations.

That is, if we have two force F: and 13; as shown

—

F

| 1
Then their resultant

—
R=1Ff+F2"’ 2

F
tanf = —- -l F,
F ”"“ﬂ“(?)

IWustrative Examnle

41.Given tw 3
F = 0 forces:; F| = 6N and F, = 8N. Find their resultant when
a) , = 6N, East and F,= 8N East
b) F, = 6N, East and F2 = 8N West |
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Unit - 2 3
6N, Eastand F, = 8N North —
c) b '

gSo ufion
a) Thetwo forces are parallel e

F, =F,+F,=6+8=14N, East
b) The two forces are anti parallel
F,=F, -F2=6—8=-2N,I?ast=2N, west
¢) The two forces are perpendicular

F,= \/Ff + F2 = /6% + 8 =100 = 10N

Re

-

F, 8
- —_ e— = — — 0_8
Sinb F 10

Then, using scientific calculater, 6 = sin! (0.8) = 53°

Hence, the resultant is 10N at 53% North of East.

- The resultant of two vectors is maximum when they are acting In tl}e
same direction or parallel, and it is minimum when they are acting 1n

opposite directions or anti parallel

2.8 Graphical Method of Vector
Addition
To add vectors graphically, we use a ruler to determine their magnitude and

iangle
aproteractor to determine their direction. Here under, we define the tl}‘;f;l]{lfy!
law, the parallelogram law and the polygon law of vector additions. Enj

Triangle Law of Vector Addition

' ically.
5 used to find the resultant of two non-parallel vectors graphically
d, it i5 stated as follows.
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__,__—._—__-____,,_——-—’

Tnangle lau states that.
then draw the resultant vee [roy

“Join the two vectors head to tail and
the tail of the first vector to the h hcad of th the sec second vcclgr_

For example, if we have two vectors A and B as shown,

/
Then, their resultant is
—-
-2 > ~. B
-+
R=A B Y
w The final geometry we get in the triangle law triangle three - sided figure

Parallelogram Law of Vector Addition
It is also used io find the resultant of two non-parallel vectors graphically.

—

Paraliciograra Law, states that: “Join the two vectors tail to tail and form
a paraliclogram and then draw the diagonal of the parallelogram as

resultant vector.” _

For example, if we have two veciors, A and B as shown

—>
A

Then, the resultant is

—— —P

—
R=A+B

“ The final geometry in the parallelogram law is a four sided figurc

Polygon Law of Vector Addition
It is used to find the resultant of more than two vectors and states that-

7y P - R
t:iolmftc vectors head to tail and then draw the resultant vector from the
of the first vector to the head of the last vector.” 9,/
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For example. if we have vectors A, B, Can D th -

d as follow then their resultant en their resultant can b

obtaine
—————’* / t'
— f W
\D —~

Then their resultant

—
=A+B+C+D A
¢

w The final geometry in the polygon law fis, alnany sided figure
: -+ Conceptual Exaniples 47 sk

42.1f two vectors have equal magmtudgs, what will be the maximum and
the minimum value of their magnimde

43, What does A - B mean? Explam

44.1f three vectors have unequal magmtudes can
Explain |

45. What can you say about the resultant of three or more vectors, if they
form a polygon when Jomed thead to tail. Explain

46.1f we have two vectors A and B as shown, then graphically find:

their resultant be zero?

i, A+B A"

s #/Assuming a veotor has a magnitude of A
© %, Mmaximum = 2A, minimim = 0
“. It means, the sum of A and -B, A +( ) we reverse the
direction of vector B
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. A B= est C = I'm, wes
44. Yes! for example, A = 4m, East, B 3m, w est

45. 1t is zero

46.) L =A+B

=
\

47. Which combination of basic quantities can define force?

A) Acceleration and mass C) Acceleration, length and time
B) Mass time and velocity D) Time, length and mass
Hint:- F = ms

2 L
IN = 1kg =M —
[% T? Answer: D

48. Which property of vectors is possible?

A) Vector addition is associative

B) Vector subtraction is commutative

C) The resultant of perpendicular vectors is zero
D) The resultant of parallel vectors is zero,
Hint:- C +(K + E) =B +(K + a)

=t e

—

A-B=-B+A
/A-B/SR</A +p Answer: A
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is 6 units, then that of B is
(') Less than6 units

A) Greater than |8 units
D) Less that 12 unit;

B)6<B<18
Hint:- /A - B/ < 12</A+B/
6-B<120r12<6+B

B>6 Answer: B

B<18
50. The magnitude of the resultant of two vectors is minimum then the
vectors arc

A) Parallel to each other C) Opposite to each other

B) Perpendicular to each other D) At 450 to each other

Hint: |K-§|sRs,K+§‘
(Opposite)  (parallel) Answer: C

51. The x component of a vector of magnitude 25 units is 15 units what is

the Y component of the vector?

A) 10 units B) 20 units C) 40 units D) 35 units
Hint: A = 1/A,f + A
2 _ 2 2
@5y =3+ A, Answer: B

A, =20 unit
52. The magnitude of the resultant of two vectors is 20 when they are

parallel and 4 when they are opposite to each other. Their magnitudes

must Be?

A) 8 and 12 units

B) 6 and 14 units
Hint: A+ B =20

A-B=4
" A=12and B=8

C) 24 and 16 units
D) 10 and 6 units
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Ans\;‘_er:wA
53. A bird flies 4km East and 3km North. What is the resultan;
displacement of the bird?
A) 5km, 370 East of North C) 5km, 370 North of f

B) 7 km, 370 East of North D) lkm, East
Hint: S=5,2+5,2=y3 +4

3
S = 5Km, tan@ = Z
9 = tan™' (0.75) = 37° Answer:
54. The resultant of two forces that are perpendicular to each other is
130N. If one of the vectors is 120N, what is the magnitude of the

other vector?
A) 10N B) 250N C) 125N D) 50N

Hint:130? = 120° + F?

F = 50N
Answer: D

£
¥

7/ 55. A cart is pulled by a rope making an angle of 45° by a force of 100N.
What is the magnitude of the vertical component?
A) 45N B) 70N C) 60N D) 100N

Hint: F, =F sin 6 = 100 sin (450) = 100 (0.7) = 70N
- Answer: B

56. A vector of magnitude 10 units has components of Ax equal t0 6 unit
What angle does the vector make

with the positive x - axis?

A)37° B) 45° C) 53° D) 60°
Hint: S]n@ — ﬂ = ﬁ
A 10
0 =sin—1(0.8)
er: C
0 =53 Ans¥
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57. Two forces act together on an ohu. cl. The magnitude of their res
is least when the angle between them ig 2

“udﬂ‘l

A) 0° B) 45° C) 60° D) lz{ﬁ!
Hint: |A - B[<R <|A - B| )
least maximum Yy
9180 9 =0 f Answe, 5
58. Which of the following pairs of vectors will not produce aresultant of 15
A) 5 and 12 units O) 10 and i _5..,.umts
B) 6 and 8 units D), 10,ad6 units

Hint: /A-B/<R</A+B/

R End OF unit OuéS’cioﬂs’ a’r‘ad"Prb'blesﬁs‘?{

. Give Short Answers to the fnlluwmgﬂuastmns

1. What is physics? o, ,‘

'r

List branches of physws ‘

\

What is unit?

What is measuxaiﬂéﬁt ?
What are s1gmﬁcant figures?
What is a scnentlﬁc notation?
What are prgﬁxes”

I I S R

9. .W}tatalé physmal quantities
|
&Mcnhon the data measuring scales
:..;-1‘11 What 15 vector resolution?

12y
OW many seconds are there in one day?

13, ftwo vectors hay

Zered e equal non-zero magnitudes, can their resultant be
Cro: Exp]am

i A R IR
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14.In which graphical rule we connect vectors head to tail?

15. Write 0.000005m using
a) Scientific notation
b) Prefix
16. The volume of the earth is on the order of 30 x 10”'m’. Write

value using prefix
17. Read and write using prefixes the following numbers

i. 1000,000,000
ii. 1000,000,000,000
iii. 1000,000.000,000,000,
iv. 1000,000,000,000,000,000
v. 1000,000,000,000,000,000,000
vi. 1000,1000,000,000,000,000,000,000
IL. Match the items in column "A" with those in column "B"

»‘ A B
| 18. Noranking A) Ratio
/ 19. Ranking, No precision B) Interval
e J 20.Precise, No true zero C) Nominal
21.Has true zero D) Ordinal
22.10° E) Yotta, yocto
23.10',10! F) Zetta, zepto
24.10%,10? G) Exa, atto
25.10°,10° H) Peta, femto
26.10°,10° I) Tera, pico
27.10°,10° ) Giga, nano
28.102.10'2 K) Mega, micro
ig : gf:g: L) Killo, milli
. | Ozl’] oo M) hecto,cen.ti
3 1024*10_24 N) deca, deci
’ O) base

Scanned by CamScanner



— Unit - 2 Physical Quantities
Pt

———
______ ites ' 39

P) MiClO, Macta -

—— Answers Lo End of unit Questiong ——

!J

8.
9.

ghort Answer and Explanations
Physics is a branch of natural science that studies about matter energy
and interaction.

Mechanics, Thermodynamics, optics, Acoustics ....., etc

Physicist
ST unit is an internationally accepted standard unit of measurement and
stands for system international

Measurement is a process of comparing an unknown quantity with a
standard one of the same type.

Significant figures are reliable digits obtained in a measurement
Scientific notation is a simple way of writing very small or very large
numbers using a power of ten.

Prefixes are symbols used in place of power of ten in front of units

Physical quantities are quantities that can measured directly or indirectly

10.Nominal, ordinal, interval and ratio

11. Vector resolution is a process of splifting vector in to components
12.1 day = 24 house = (24) (60) (60) = 86400 seconds

13. Yes when they act in opposite directions

14. Triangle and polygon laws
15.0.0000005m is

16,102 ;

f: > 10%m, scientific notatinn
. Sum , prefix
18 Zettaa 30 Zm?

17,

L. Bil]i()l’l, Giga - 109

. Trillion, Ters 102
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1L

iti. Quadrillion, Pcta = 10"
iv. Quintillion, Exa = 10"
v. Sextillion, Zetta = 10
vi. Septillion, yotta = 10

Matching Item

18.C 22.0
19.D 23.N
20.B 24.M
21.A 25.L
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3. Mobion in a Sbtraight Line
3 . 1 Position Distance and Displacement

3 . 2 Speed, Velocity and Acceleration

3 . 3 Equations of Motion with Constant
Acceleration

3 . 4 Graphical Description of Uniformly
Accelerated motion

3 . 5 Relative velocity in one dimension
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3. Motionin a Straight Line

Lic'lo there! How do you do? We are very happy to meet
fascinating unit where you will be able to define motion, describe Mo |
parameters such as distance, displacement speed, velocity, accelf.*rano: 2
and plot their graphs against time and solve problems related to Motig 0; c
bodies in a straight line. You will Love it. ~

YO in g

3.1 Position, Distance and Displacement

Motion of a body can only be explained by considering its position from;
give point as time passes. Hence, to define motion, first we need to be cle
about the concept of position and reference frame.

Position: Is the location of a body from a specific reference point.

For example, as you move from home to school, your initial position i
/ home your final position is school.

e ST T ol s
ek =F BT )

Sl s Conceptual Example 7V
1. Can the position of a body be negative? Explain

Eﬂénatzbn: | p

ves, fohen the body moves or located to the left side or down side @ |
the origin.

v . . . ol
The motion of a body is expressed using a particular reference P
called the frame of reference

Tt
e

- — ===
Mﬁeﬁnc& Is a point that is used to determine positio"*

==

A poin — 7
. ce, that i at res
motion, ’ S, a reference frame may be

Now, let’s see how motion of a body is defined,
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"/f 2 e e T N
Motion: Is a continuous change in position of ; a B(Td)/ w
a fixed point as time passes.

—_—

S a—

ith respect to

————

‘\.__
Therefore, a body is said to be in motion only if jt chelngm;(;;i:
S o S "\ - » ‘. . v . 0
relative to some fixed reference frame das time go "

CS.
¢& Conceptual Exam olfck "™

1f a body is observed moving in one reference frame,
that the body is.also moving in all other reference fra

(—%ﬁ/a_natzbn:
No! For example, if you are in a car that is moving;t 100km/hr, then
you are moving at that speed when observed by a person standing by

the road but you are not moving as seen by a person sitting next to you
in the car.

-2

can we conclude
mes? Explain

As a body moved from one point to the other, it covers some distance.

Distance (S) : Is the actual pafh'length travelled by a moving body

Distance, is a scalar quantity and its 51 unit is meter (m).

And, depend-ling on the path length to be measured, we inay use non
- ST units such as micrometer (Nm), millimetre (mm), centimetre (cm),
kilometre (km) .... etc. |

Can the distance covered by a body be negative ? Explam.
Cx

Never. Amoving body covers non-zero and non-negative distance.
M‘OVCS, it changes its position as time passe:

()

énatz’on:

i b1 m——— e~

— e

Displ?cemeﬂt (S) : Is the change in position of a body in a specific
direction

———)

Displacemens o - SR
Ment, is a vector quantity and its ST unit is meter (m)

E . : . -
D;ZDlgcement of a body tells us how far and in which direction the
YIS now from jts starting point.

Cre . At
fore, displacement of g body is the shortest or short cut distance
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44 Unit - 3 Motion in 2 Straight Line | v‘
of the body between its initial and final positions, —
Conceptual Example wdemyy g,

4. Can displacement of a body became negative or zero? Explaj n

(S /;z.natz'on:

Yes. It became negative when the body moves to the ]vﬁf?i-glrfilnwn Warg
fron‘1 the origin and it became ZeT0 when the body r?}?fﬁéd to its Starting
point. ' J

5. 1f a body moved from point A to point B along-,tbrg.e different paths 5

. shown, which path represent displacement of f(hq.:body? And why? I

|
ﬂ

/' Path-1Because, it is the shortest path length of the body from its initial |
/ position to its final positiqjg. \ N '

The difference between digtance,and displacement is given in the following table. |
Distance ../ .
Actual path legigth

Scala quantity

Displacement ;.
M Shortest path length |

, M Vector quantity

M Depétlfjf.éﬁ:path followed M Depends on initial and final
Always positive position

Grea;er than or equal to B Can be zero, negative or positive
'L?disf)lacement

M Less than or equal to distance ___

, E “Distance and displacement 1

ave the same SI unit, meter (m)

West along the same o
of the bus? © road, then what a
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W your SChOOI- ts 1km away. If you return home afier class along
the same rout. What is your entire trip?

A. Distance

8. Displacement for the

If a body moved 300m due east and then 400m due north, then what are
the distance and displacement of the body?

If an athlelete runs once along circular track of radius 400m, then what
are the distance and displacement of the athelete?

Solution
6. Distance = 800m + 300m = 1100m, and
Displacement = 800m - 300m = 500m due East
7 Distance = 1km + 1km = 2km = 2000m, and
Displacement = 1km - 1km = Zero
8. The path of the body can be visualized as follows.

s As2‘= 400m

s, =300m

A. Distance = s, +s, = 300m + 400m

B. Displacement = \JS? + S = ,/(300)” + (400)* = 250000

8 e S = 500m, North of East
- Distance = 2nr = 2 (3.14) (400) = 2512m

Displacement = 0, zero

3.2 .
Sp%d, Velocity and Acceleration

Asa :
how m‘movc’ It may be faster or slower and the quantity that describes

S8 called speed
ted: Is th : _
Mathemat' th; rate at which a bod changes its location
ica —
¥ Speed of a body is calculated as follows;
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46 Unit - 3 Motion in a Straight Line ﬂ\

Distan ce Travelled
Time Taken

Speed =

v=2
t
i i its SI unit is meter per secong (m/
Speed is a scalar quantity and 1 : |
otpfer non - SI unite of speed include kilo meter per hour (km/h) ang Miles
per hour (mi/h).

For different reasons, a body may not move at constant speed through, out
its journey history. At one time the body may move_faster and at anothe
time, it may move slower. Therefore, we need to consider average speed t,
talk about the over all speed of the body during its entire trip.

Average Speed: Is the speed thata body attained to cover the total distance,
Mathematically, average speed of a body is obtained by.

Average Speed = Total Dis tan ce Travelled
Total Time Taken
/

———

bod ca ot be
Of time, ' ma ' not be zerg.
In itg Journey histol'y.y have zero SPeed during ¢,

But, at some inslanlj
€ moments it stoop«
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U s

Illustrative Ex

12.1facar travelled 81 kmin Thour and 30 minutes, what is its average speed?

13. A boy walked a distance of 400m in Sminutes and run a distance of
- .SOOm for 3minutees. What is the average speed of the boy?

14. Amotor-cycle movedadistance of200mataspeedof 10m/s and adistance
of 600m at a speed of 20 m/s. What is the average speed of the motor ?

15. A cheetah can run at 30m/s. How far will it travel in 12 seconds?

16. An athlete runs a rectangular field of side 100m by 80m in one minute.

What is average speed?
17.1f a car moved a distance of 500m at a speed of 400 km/n and returned,

at a speed of 60km/n to its initial position along the same road, what is
its average speed of the athlete?

Solution
12. Vav = St _ B] b = S =15m/s
t; 1hour +0.5hour 5400sec.

3 Vay_ St _Si*S, _ 4004800 _ 1200 .
t. t+t, 5(60)+3(60) 480

14. Vav=i=s_'+—sz’
t, t +t,
\' 10
S 600
t e _2_=—=
, V. 5 30sec
800
Vay = — _
S0 16m/s
15.S=vt=(30)12=360m
16. Vav:-S—T_= 2(100+80)__360__ 6m /
t, 60 60 '°
17, Vav=_sl=S_l+Sz_ S, +8,
t'r t|+t2 ﬂ_" 82
V, \A
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28 2v,v, ™

;vl_vl ‘ X\

2(40)(60) LN
Y0460 | o,

4800

— =48km/h
100

For a moving body, its speed alone may pot give complete deg
about the nature of its motion. 'l'herefore,‘,,tg‘;answer the question,
and in which direction a body is moving, we'use a concept calleq

Cript;
how fy,
velociy,
SN . g ogs e
Velocity: Is the rate of change of displacement in a unit time

e — e
Mathematically, velocity of a bodyls calculated as :
chang@in Displacement
. ‘“Firie Taken

Velocity =

Velocity is a vectorq tity and its SI unit is meter

per second (m/s).
It can also be expressed using km/h or mi/h.

 The magnitude of velocity is speed of the body.

*ﬁ’!’{(?p‘,ﬂ DAL

18. Can abody h

s Conce ptual Exam Ples s ks

ave a constant velocity and varying speed at time? Explain

- gnatwn.
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— afier half an hour, covering a total distance of Skm. What can you say
about the average velocity of the man?

shnmpai et A [LLusrative Example W sssns
21. A car moved 500m due east in 15 seconds and then 300m due west in §
seconds. What is the cars

A. Average speed

B. Average velocity
22.A boy walks 400m East and then 300m north in just 20 seconds. Find

the boy’s
A. Average speed
B. Average velocity

23.An athlete runs a circular track of radios 400m in just in 40 seconds.
What is the athlet’s

A. Average speed

B. Average velocity

Solution
S +S, 500+300 800
21A) Vav: 1 2 = = :4
t,+t, 15+5 O%
AS _S,-S, _ 300-500
B) Vay = ——10m
At 1545 20 102, West

Vav = 10T/ East

22. A)Vay = S1 _ S+s _400+300 _ ., 'V
by 20

B) Vay - A8 _+/s] +Sz J(400)2+(300)

At
3. A) Vay = 5 2TCI' 2(3
=21 _ 47r _ 2(3. 14)(400)
t, t 40 =62.81%

=25m < North of East.
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- AS
av = — = 0,zero.
B) Vav 0

24.1s there any difference bgtween
velocity of a body? Explain

is the over all velocity of a body for ”

Yes there is! Average VeIOCItYS velocity is the velocity of the body at,

entire trip. While, ins.tantaneou
particular instant of time. _
- AS

In symbol, Vav ar

—

Vlnst:-'f-&—S as At approaches zero,
At

“ 25.1f the average velocity of a body is found to be zero, can we conclude
that its instantaneous velocity is also zero ? Cxplain

4

/ gpénatz’om

No! A moving body can have zero average velocity v/hen it returns
to its initial position, but during its journey history, .t might have
been moving faster, slower or might have stopped at some instants
of time,

When a body changes its velocity,

, that is speeds up, slows down or
changes its direction of motion, we s '

ay, the body is accelerating.
26.1f the average veloc

¢an you say about th
Answer:

ty of an object is zero in some time interval. whi!
¢ displacement if the object for the interval?

The dis i :
Placement s Zero, since the displacement 1s PV’

\\\ portional to average VelOCit‘y
%W 5 R

: e € e - T
Mathematlcauy, accelera\mar Unit e, o

v .
10n of a body ig calculated as
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31
l~mal__vc]ocity —Initial velocity
Time taken

Changein velocity
Time taken R

AV _V—u

a= — =

At t

Acceleration =

Acceleration is @ vector quantity and its SI unit is meter per second square
(m/s?)

A body is said to accelerate when there is change in its speed, in its direction
or in both. A body at rest has zero initial velocity and a body coming to
rest has zero final initial velocity. Moreover, when a body slows down. its
acceleration became negative and we call the body is decelerating,

ey 348 1 xac Conceptual Examples s RS
27.Can a body of zero velocity accelerate? Explain

((:x énatz’on:

Yes, For example, a body thrown up ward has zero velocity at its
maximum height but is still accelerating.

28.1f the acceleration of a body is zero, does it mean that its velocity is also
zero? Explain

(Siénatz’on: _

No! For example, when a body moves at constant speed in a straight
line, its acceleration is zero but its velocity is none - zero constant.

29.Can the acceleration of a body has opposite direction to its velocity?
Explain

(Sx énatzbn:

Yes! When a body slows down, its acceleration has opposite
direction to its velocity.

30.
;Vh °N a body decelerates, that is slows down, will it have necessary a
Cgative acceleration? Explain

6” énatian:

No. i i
Not necessary! For example, if a body that moves in the negative
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52 Unit - 3
¥ - direction slows down, the
to the positive x- direction.

at a specific instant ol time g ., il
Mathcmatlcally m“amanL &

The acceleration of a body

instantancous acceleration.
acceleration is obtained by

ainst.= AY as Atapproaches Z€ro
At

31. What does it mean when We say the accg!é@ion of a body is 3my

Explain N\

(S énatz’on: « ) )
It means, the velocity of the body is‘increasing by 3m/s every secong
There fore, the body has 3m/s.d in" the first second, 6m/s in the nex

\% second, 9 m/s in the third seoond, ... €1C

/ 32. What is the accelemtum of a train if it speeds up ﬁ'om 20m/s to 50m/s
in 5 seconds?

Solution
v-u_350-20
st 5
£6m / s’
33.Ifacar accelerates at a rate of 4m/s? starting from rest, how long will i

take theﬁarto reach a speed of 12m/s?

a=

Soluhon.
_ : From, 3= v—1u
V) t
7-7 g=v_-u_ 12—-0
</ a 4
= 3gec.

" 34 An ambulance moving at 144 km/h takes 10 seconds to slow do¥"
10m/s . What is its acceleration?

Solution

vV—u
1= u=lakmg 4om/
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=

- 10 40
LA .S T
770 75

& The mnus sign tells us, the acceleration 1s opposite in direction to

the velocity.
15 | a taxi moving at 10m/s accclerate at 2m/s”. What will be its velocity

after 5 seconds?

Solution
v —u

Weknow,a =

v=u+at=10+(2)(5)

:20%

36.1f a car moving at constant acceleration of 3m/s’ attained velocity of
20m/s in 4seconds, what was its initial velocity?

Solution

I From,azv_l;l

u=v—at=20-3) (4)

ey
In actual cases, a moving body may speed up, slow down or change its
direction of motion. But, in some ideal and rare case, a body may travel
at constant speed through its joumey history. In such cases, the body is
said to be in uniform motion.

Uniform Motion: Is the motion of a body at a constant speed.

¥ A body in a uniform motion covers equal distance in equal intervals
of time and has zero acceleration. More over if the body is moving
"N @ straight line, its average and instantaneous velocities have the
Same values at all times.

}gm P e ot TR ® G . + : ! :
371 e i LU SEELIVE EXAMDLE + W EAT . eiales 740
1f a body k. : .. |
Yy has the following Journey history, in a straight line, then find,

A. The ;
. The slantaneous velocity for each time internal
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. ‘ “\\
- S

20 30 40
Distance (m) | 0 10 m

2 3 4 |
Time (5) 0 1 n

"~

[
Solution
s, 10 .o
) '=.t_]-—T IOA |
1
_S, _Q_lom
Vi3 (
S, 30
:—:—:lOm |
Vs t, 3 s
S, 40
V,==4=—=10
Yt, 4 s
V5=S_5=ﬂ=10ms
t, 5

C) a= AV: 10—10
At 1

D) Yes,thebodyisina uniform motion since its speed is constanl.

3.3 Equations of
Acceleration

=0, zero

Motion with Constant

If the velocit . _—
intervals of t)’ of a body increase of decreases by equal amounts in ¢

ime, then the accelerat; 1
Ay 1 nstafl
the body is said o pe Hlion 12223 bOd); be came co
n motion.

in & uniform acc
Th ~ e
'€ motion param
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Pt

: V-u o
Acceleration, a = , then the final velocityis
V=u+at————— (D

. S V+u
Average Velocity, V| =0 V, = Z
v+u
S= t————- (2)
)

Substitute, v=u+at,in toequation (2), we get,

| (u+at)+u
S—[—z ]t

) . v—u . . .
Again,substiting, t =——,  intoeqution (2), weobtain,
a

vi=u’+2as—————— 4)

EE———sm [ sDralive Examples nmsnssstinnins

38.A car accelerates at 2m/s? starting from rest, what will be its velocity
after 10 seconds?

Solution
V=u+at=0+(2)(10)
=20m/s

39-Af1 a‘utomobile accelerates at 4m/s? starting from rest. What distance
will it cover in 10 seconds?

Solution

1
S=wt +—2-at2 =(0)10+%—(4) (10)*
=200m
40. An airplane movin

will be ; g at 100m/s decelerates uniformly at 6m/s>. What
'ts speed as it moved 800m along the run - way?
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Solution V2o 4235 = (100) + (2) (-0 (800) = 400
V =20 m/s -
ng at 10m/s. 1t accelerates uniformly and coq,

1 } Il ] ‘}
41 -Am%:ff‘;;an:cin 10 sec. Calculate the acceleration of the N
a l ‘v" 1‘-.. ’.7- Iy

! |
AN,
#F

Solution | R
5= (10)(10) + 3 10y,

S =ut+-!-at2::>72

i

2
2= 12575

vi form acceleration of 2y
42. A truck gradually starts off from rest with a uni! : - -
s’ and rfa:hes a velocity of 16m/s. Calculate the distance it covereqd,

Solution

VZ — uz + zas ‘T“‘i' ~ .1 b
N L U
2 2D

=64m RN -

43. A car moving with constaut dcceleration covers the between two points
100m apart in 10 seconds: If its speed as it passes the second point is
15m/s. Then, what is ..

A. Tts speed at the first point
B. Its accelerafion
Lo o (V+u)
%, A)S _2s) _ _2(100) _15:5[%

- t=>u=—2=L —v
| ‘ 2 t 10

: | Volks
car is the Ps 1or ten minutes afier travelled for half an hour: Whid
first to arrive at the destination?
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37
— -
Golution

S
The volkswagen takes,t, =—= 120 =s

V. 80 1.5h,and the cadillac

reat = — =120
takes,le = Ve 100

= 1.2h. And,slince it was not moving

For 10 minutes, the total time it was on the road is then t. =1.2h+ 10min
= 1.4h since t_<t,, it is the cadillac that arrived first at the destination.

45. A cyclist starts from rest and accelerates at 1m/s for 20 second. He then

travels at a constant speed for 1minute and finally decelerates at 2m/s?
until he stops. Find:

A. His maximum speed
B. The total distance he covered

Solution

First Phase, V=u+at=0+(1) (20):201%

S, =ut +%at2 = (0)(20) + % (1) (20)* = 200m
Phase Two,S, = Vt=(20)(60)=1200m

2a 2(-2)

: 2 2 _ 2
Phase Three,S, = " = 2= @Y _ 100m

A. V=20m/s
B. S=s,+s,+s,=1500m

46. A taxi moving at 30m/s is forced to stop in 5 seconds due to an electric
Pole blocking the road 85m ahead. If the drivers reaction time I3 0.3
second, could he manage avoiding collision with the pole?

Solution o )
Total stopping distance is reaction distance plus braking distanc
0+30
! r )
¥
lj = 84m
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e lerates to a speed 25m/s in 4 PPy
tially at rest acce : .
47‘31: 3?;::112 zovered by the bus 1n the fourth second? hay,
Solution
st =u=+ % (2t-1),
v—u 25-0 _
8= T4 62577
Sy =0+ 52 15(4)-1] = 21.9m

2

4S. A car is a accelerating uniformly at it passes two checkpoints that are
30m apart, The time taken between checkpoints is 4 second and the
car’s speed at the first checkpoint is 5m/s. Find.

A. The acceleration of the car
B. Its speed at the second checkpoint [

Solution

RN Y _1 2 _ m/*
A)S=ut+—at’ =30 = a(4)' =a=12 A

B) V=u-+at=5+(1.25) (4)=101/

1 aﬂ;
49.T:he velocity of a train reduces form 15m/s to 7m/s while “3Velhnism
distance of 80m. How much further will the train ravel before cor .i

to rest provided the acceleration is constant.
Solution |

V2 _y? 2 2
S, —J?u' and S, = v, ;uz , Taking Ration ;
S, _Vi-u
S Vi-uj
5 __0-0y
80  (7)* -(15)
S, =22m {0

50 A body m . , 9 Vc’l‘S v 4
: ovin ; © sm/st <0 !
g with constant deceleration of Sy c(-,mimté“’rL

distance in 3seconds. How far will the body travel befor®

Scanned by CamScanner



e

"/—I—J;;t -3 Mo!:lon in a Straight Line

~Solution

p 1 Py , Y
sl_—_Vlt—EatZ:;‘? ~3
25, +at*  (2)(30)+(~5)(3)*

V.= . w ) .,,::‘_‘:‘_‘ -
1 2t 2(3) 2'5% ~ Hi %

Vi-ui _0-(2.5)
= =0. Silg,
2 2(5) 625m

§,=

i 1 bt L '\'- !
51.Ifabody moving with uniform acceleration covers| Sminthethird second

and 25m in the eight second. How much will 1t travel in the tenth second?
Solution o« )

s::'=u+i(2t—1)
15=u+2 (2(3) 1)____(1)

25 = u+—(2(8) l)w—f——(z)

Solving the two equathns sunultaneously, we get, a=2m/s%, u= 10m/s
Hence, 8* =10+ 2/2 "Q2(10)- 1) =29m
52. Acar startmg from rest moves with constant acceleration and reached a

velocity of 20m/s Whatwas the velocity ofthe caratthe middle ofthetrip?
Solution o

W2 —12
‘. .

-
E S

S:
ﬁ_S (V‘)z__u

-lofry
BTWOCMA

TeSt, Afyer and B, at the same initial position accelerate uniformly form

aft 3 second, A is 2m ahead of B. What will be their separation
T 8 seconds?

,and at the middle

, V" is velocity at mid —point
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Solution T

! I
First case,S, =—2-aA t* and Sy =3 a, t

] —_— b
And, SA—SB:—z-tZ(aA—aB):j Ay~ dg = 0.25%‘

1 1, .2
Second case, S, — Sg =5t2 (a,—ag)= 5(8) [0.25]
S, - S, =8m
54. A car starting from rest accelerates at 4m/s2. If it travelled 40m in the

last second, what is the total distance covered by the car?
Solution

s = u+%(2t,u —l)::>40=0+§(2tn —1)=t=10.5sec

S=ut+-;—at2 =0(10.5)+% (4)(10.5)?
=220.5m
55.A careless Motorist travelling at 90km/h passes a police car movité

at 50km/h. Immediately, the police car starts accelerating at 3m/st Al
what distance will the police catch the motorist?

Solution
Vt=ut + laf,2
2

V=u+la
2

t="74sec
§ =Vt =(25) (7.5) =18m

sport -
* vaﬂ cars start from rest and move one after the other in 1 minY
with an acceleration of 0.4m/s? each. How long after

¢ar starts moving will the distance betw ?
them be 4200m-
Solut] een them

e 1 1
sl 8’_5a‘f—5m;’t2= tl __60
42001
200 = 2O [ ~(t, —60)
t, =145 seconds
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A 7 A bullet moving with a speed 200m/s can penctrate a 4cm thick block.
What should be the speed of the bullet to » penctrate a 10cm thick block
of the same matenial? ' .

Solution -
From, V’—u +2&sun

%—‘fg =>u, —u,Ji 200 J—‘
I u2=316%

58. A bus is beginning to move with an awelmén of 1m/s?. A boy who
1s48mbehmdﬂ1ebnss!artsnmmng atlihn!ﬁ After what time will he
catch the bus?

Solution
Distance moved bydlcbody‘l)lslmcemovedbythebus
5 = sz N
Vit =48 +5(a) LT o

i =
it 10t = 48+ L ¢2 { N\
2 |

= ¢ -20t +96¥(Yusmg the guadratic equation
_ —h:t‘lbz — 4ac
- (2a
t=8set ort=12sec
Earln:hme,t 8sec
59.The motion ofa Body is given by the equation, V = mt +n where m is
Sm/s’andanTOmIs.Howfatmll it travel in the first 2 seconds?
Solution ™.~
‘A.-fv"-“lﬁ'tﬂ=5t+10=u+at
Hence, u = 10m/s and a = Sm/s®
=S=ut+La* =0y’ + (D
=30m

%0-Show that the distance moved by a body in the n*second is obtained
by: §7 =u+§ @, -1)

= =
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! =8, =S, T

{m +lat2:|—[U(‘n_l)+la(tn“l)z] |
n 7 n 2 I

1 2 1 2 _1y2
- —at: —|ut —u+—a(t —1) ]
=ut, + at, [un 5 (

1, ¢ +u 1at2+2tna la
= — —Uu - R
e A AT
2t 1
n
= ——a
u+ 5 "3

a
=u+2(2t -1
u+2( . —1)

Warning: The equations of motion we used so far are applicable only fors
body that is uniformly accelerating.

Typical example of a body in uniform acceleration is free fall. A body

thrown or released in air move to wards the centre of the earth at a constan
acceleration called acceleration due to gravity.

Free Fall: Is a body that move in air due to the influence of gravity alone.

Near the surface of the earth, a freely falling body moves at a constan
gravitational acceleration of g2=9.81 m/s2

The equations of motion for a free fall are the same as those used for?

upifonn]y accelerated motion in a straight line except some symbol and
sign modifications,

So here, we use ‘g’ for ‘a’ and

positive sign for g’ when them
upward motion, There fore, we

N e st
‘y’ or ‘h’ for ‘s’ and in this boqk “:oraﬂ
otion is downward and negative sign

can have the following cases.
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— Unit-3 Motion in a Straight Line 63
mp;e_dﬁw For a body thrown | For a body thrown
o I downwardu #0 up ward u #0
V=gt ! o gtl . V=u-gt AN
y=%g‘: y=ut+5gt2 y = BtTETgt
Vi =2y {Vz—u2+2gy Vl—uz 2gy B

i ¥ -

El A body is in free fall as soon as it is released muto the air weather it is
dropped, or thrown in any direction and in the, absehce of air resistance,
all bodies fall with the same acceleration regaxdless of their mass.

61. What will happen to the velocity and-‘f—zjc':c;éleration of a body that is
thrown upward when it reached theqniaximum height? Explain

At the maximum height;/ the Velocity of the body is zero but its
acceleration remains 9; 81

RS uratnve Example .- s
62. Aball is kicked upward with an initial speed of 20m/s from the ground,
use g = IOm/szrgnd"Calculate,

A. The speed &f Eﬁe ball at t = 2 second
B. The maxithum height reached by the ball
C. The nme the ball takes to return to the ground

Solutmn
LA V=y- gt=20-(10)(2)=0,7 o
' B. v2= u2-2gh ,V=0ath

h _ (20)* _
e 2g 2(10)

C. Y=“t-%gt2,y=0

|
0=nut- - gt?
28
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64 Unit -3 Motion in a Straight Line
_w 200 _, T
g |

63. At the time a ball is dropped from the top of a 20m building ,
thrown up ward from the ground. If thiéy both hit the ground o e e
time, what was the initial velocity of the stone? Same

Solution
1 ,2y 12(20)
Forﬂleball,Y=—gtz:>t= - = fNTEF
2 g 10 2sec

For the stone, Y = ut - %gtz =0

1
u@2) = 3 19) @’
u=.10m/s
:l;::ﬂfns;vhmhelglnd:dabodyfaﬂlfltsspeedasnsmkesﬂlegmmﬂk
Solution '
|

speed was the ball thrown?
Solution
Forlheﬁone,Y=m "l—gt:, =t ﬂ JZ(]SO) -6
Z g 10
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- !
There fore, 180 = 5u + 2 (10) (5)*

u=6lm/s

66. An object is thrown down ward with, initial speed of 12m/s from a 20m
high building. Describe how the height of the object varies with time.

Solution
The height of the object from the ground at any time is

Y=20-(u‘t+%gt2)

Y =20 -ut -%gt2

3.4 Graphical Description of Uniformly
Accelerated Motion

A graphical description of motion-of a body js a powerful means that help
us to easily visualize the nature of motion of a body under consideration.
To plot a motion graph, we label the independent variable that is time along
the x-axis and the dependent variable such as displacement, velocity and
acceleration along the y - axis with the appropriate scales.

Distance - Time Graph (s - t} Graph 3
For a uniform motion in a straight line, *

Rise
Slope = Run
the s - t graph is a straight line that passes i Rise s
through the origin. Tt
-3 {

Slope of the distance - time graph represents speed of the body
Oisplacement - Time Graph, (s -1) Graph &
Fora uniformly accelerated motion,
the V- graph is half - parabolia as
’:‘""n in the sketch. t
= Slope of displacement - time graph represent velocity of the body
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—_— ‘I’R____i\

Velocity - Time Graph, (V - t) Graph 4‘:’
For a uniformly accelerated motion, :
the v-i graph is a straight line that :.
passes through the origin, if the body i lprE
started from rest. Ared |

oy P

B The slope of a velocity - time graph represems a@celeranon of the bod
and the area under the velocity - time curve represents displacemey, ,
the body. '

Acceleration - time Graph, (a - t) graph =,

—-»-'\
af- -

For a uniformly accelerated motion *

the 4 - t graph is a horizontal lme

parallel to the time axis as shown —{

M The area under the acceIeration - time éfaﬁh represents the.change ir
velocity of the body, ™

Some of the typlca»l motmn graphs are the following.

Displacement - Tlmé'—., o Veloclty - Time Acceleration - Time
Graph Graph Graph

%’ {

Constant velocity Postive acceleration
5 . ‘i re
0
t

) . jon
Increasing velocity —>t | Negative accelera!

o | Increasing velocity _—
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— v .

S A

_> t 7‘;1-:: ’7'-’:‘

— . -t
>ty
Decreasing velocity Decreasing velocity

i

67.1s there any d1ﬂ’erence between umform motlon and umformly
accelerated motion? Explain \

Yes! In a uniform motion in a straight.line, the velocity is constant and
the acceleration is zero. But, in &uriformly acceleration motion, the
velocity changes and the acceleramon is constant.

68. Why 1s the distance - time graph straight while, the displacement - time
graph 1s parabollic? Explam

e \
H i Ny

-
| -
% y

o é ,
bxﬁ nation

Because, in a umﬁmn motion, the speed is constant, and distance is
_ obtained by, s = yt;l* degree linear. While in a uniformly accelerated
motion, the quecL varies and displacement is obtained by g _ y; %
at?, 2nd degree qltadratlc

69. Describe thé nature of motion of a car whose velocity varies with time
as shown beh)w

i
y 4

4/
w
I
]
i
L}
; . —3 ()
6 12 I8
/ L’Cpénatmn o ﬂ
— onds ¢
/ The car starts from rest and reached a wlouly ol 20m/s in 6 scc

y
”
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moved at this rate for another 6 seconds and then slowsg down N
and comes to rest in 6 seconds. y

70.Can the distance time graph goes down? What about the disp]a%mem
.time graph? Explain

(S‘fﬁénat:'on
Never! Distance - time graph can not have Negative slop,

» Oy :I
displacement - time graph can have, such a slope. For example ;

P »ifyo |
walk 100m due east and return to your initial Position in 60 g

Conds, |
along the same route, your distance - time and displacement

= time "r

graph looks the following

s (;l) = (m) |

o . . w
: 100 f-=-<

100} i ﬂ ;

6’0—> (s) ()|

|
Distance - Time Graph Displacement - Time Graph

IWustrative EXxamples - ips e e s
71.1f a car experienced a displacement - time graph as follows
A. State the nature of its motion
B. Calculate its total distance
C. Calculate jts velocities

D. What is its displacement
Solution

s (m)
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//Ef’f..fo L

T 2004
C.Via, 3

vy I_"I{‘.{,‘r L [1 \fl"_l\ (‘)()': .!-n'n

a8, _ o

v, =

D. Displacement = AS, + AS, + AS, = (20 - 0) + (20 - 20) + (0 - 20)
AS =0, zero. The car returned to its starting point.

72.1f the velocity - time graph of a body is plotted as follows;

—
A. Describe the nature of its motion v (m/s)
B. Calculate acceleration of the body
C. Find distance covered by the body 12 [~
D. What is the displacement of the body
Solution :
A. From 0 to 10 sec, the body is speeding up, accelerating at 1.5m/s?,
From 10 sec to 20 sec, the body is moving at a constant velocity of

15m/s, zero acceleration. From 20 sec to 30 sec, the body is slowing
down, decelerating at 1.5m/s?, until it comes to rest.

. 2, =% =15‘°=1.51y2
<AL 10-0 s

0 20 30> '®

AV, - 14
a,= 1 115 =0, zero
At, 20-10
AV —
a, = —3 = 0-13 —1.5%
At;  30-20 S

C.8=5+8,+ s,=%(10)(15)+(15)(10)+%(10)(15)
= 300m
D. A5= (Vav,) (At,) + (Vav,) (At, ) +(Vav,) (At,)

0+15
AS:( )10+ 15+15 10+(1_:§_+_9)10
2 > 2

=300m
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70 Unmit.3 Motion in a Straight Line =~ )
73.1f a body has the following journey history, answer the ‘fOlloW
Py, lng

questions. o s
128 72 32 8 |
A. Plot the displacement - time graph . u

B. Plot the Vélocity - time graph ™

N

C. Plot the acceleration - time graph —~

D. Is the body in uniform motion op____z_g;u“ n if¢ orm acceleration
Solution .
. o b
A s(m) - . (7

0 2 4 ¢ g T Us) aJ_:Av,___?_8«-20_=4,%
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E'flmy is moving at constant acceleration of 4m/s?
74, The velocity - time graph of a truck is given as follows. Calculate-
] b (— c
A. Distance moved

B. Displacement of the truck ~

Solution -2 :
A. Distance travelled = Total area under the curve

= —(5)(4) +— (5) (2) + -r”(5) (2)
= 4Sm _ J‘
B. Displacent = AS + AS flr AnS + AS,

AS=(Vav,)At, + (Vawzﬁ At, + (Vavy)At, + (Vav,)At,

AS=(4+ 0)5 +E.»4 + 4)5 +(0+4)5 +(0+(-2))5
2 . 2 2 2

AS = 35m

15.7f the acceleratlon - tlme graph for a car starting from rest looks the
following

A. Calculate jts velocity at cach interval

B. Draw the velocity - time graph.

Scanned by CamScanner
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Solution
A. From 0 to 2 Sec, AV, =a At, =(2) (2) = 4m/s

From 2 t0 4 Sec, AV, =a At, =0, zero

e thons o

From 4 to 6 sec, AV, =a At =-4m/s

Thatisatt=2 sec, V=t=4Sec, at4se, V.=4m/s, att:Gs“V:’O,zem

> 1(s)

] )
] ’
Lt
2 4

3.5 Relative Velocity in One Dimension

The motion of a body is relative. It depends on the frame of reference from
which it is observed.

6

Relative Velocity: Is the rate at whi:h a body changes its position with
respect to another reference point. ‘

For example, when you are moving in a car, for an observer standing by
the road, you are moving at the speed of the car, but, for an observer who
sit next to you in the car, you are not moving at all. Therefore, a body th¥
seems to move with respect to one reference frame may not be moving &
all as seen from another frame of reference.

The refative velocity between two bodies is obtained by taking the diﬁeﬁ?“cl;

of their velocities. That is, if body A is moving at velocity V, and !

at veloccity V,, with respect to say the ground, their relative velocities 3
Vis =V, -V, velocity of body A with respect to body B
Via=V,-V,, velocity of body B with respect to body A .

7 V\./hen' calculating the relztive velogity of a body, we need to coﬂi‘f:;
dm:ctmr} of motion of the bodies, and when two bodies ar® me.
setpendicularly, then, their relmve velocity 18 obtained

pythagora's theorem,

g e J "’,a:!‘m";';";'s"-L'.T’f’%r‘.i;:’. w3154 3 - .. REE ; IR N ‘.a_h-""'l:‘;
ot g HLUSEraLive Examiples 45 o v
« a3 car Aand B gre moving at velocities of V, 30m/s and Vs

What will be their relative velocity if they are moving

L
0wt
\.‘. ’

5
_ 400
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/ﬁT 3 Motion in a Straight Line Y
— . In the same direction ~
B. In opposite direction L)
s “"vk L:‘._‘_‘—"gv.

C. Atright angle to each other

.' - v f i - ‘-“.__-

Solution .
A V=V, -V, = 30 - 40 =-10m/s = 10m/s, left The' mmus sign indi-

cates that for an observer in car B, car A seems to mowe back ward.

e

V,, =V, -V, =40 - 30 = 10 m/s, right *
B. Vjp =V = Vo~ (V) =V, + V, =30+ 40 > 70m/s

- ..

C. Vig= Vor = Vig

=V, =JV2+ V2 = J(30)2+(40) =50m/s

71.The position of a car that accelerates umformly startmg form rest is
given below. Ny
|
ts) | o | 1 fw2 | 3
sam) [0 | 2768 | X
gl ¢

What is the distance covered by the carint=3 seconds"

Solution - . | ( ;

- b B
B e

S=ut+ Eatz’ u=0,att=2sec, (S)=8m
8=0+—@)2) =
2:.'@)“(, y=a 4%2
Hence 17 3sec, 5= u +2at =0 + S’ = 18m
18.1f
The posmo“ of a body with time looks the following

| 25 | 35 | 45 | s5
| 10 [ 15 | 20 | 25
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.
| Give Short Answer to The Following Questions
1. When do we say body a is in motion? i
2 What is distance covered by a body?
3. What is displacement of a body?
4. Explain the difference between speed and velocity?
5

. Explain the difference between average speed and average velogity
6. What is instantaneous velocity of a body?
7. What is acceleration?
8. What do we mean by uniform motion?
9

. Is there any difference between uniform motion and uniformly
accelerated motion? Explain

10. What is Free Fall? Explain

I'1.1f a velocity - time graph became horizontal, what will happen to the
acceleration of the body.

12.Explain what relative velocity mean

13. What dose the area of velocity - time graph represent?

14. When will acceleration a body became negative.
. 15.Based on the given velocity - time ' ‘
- aph, e f motion
/ of the body. graph, explain the nature o

Velocity

A

Al B

Solve the Followiy —» Time
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Wd 30 minutes?

18, Two soccer players are approaching each other, each with a épeed of
gm/s when they are 48m apart. How much time passés before they

collide? )

75

i

19, Two cars heading to a cross road with uniform veloci;jhé‘g_ ey e
ot the center of the road, what must be the speed,ofcdr B?

—

A
1> 25m/s T ) { Cr
omi” b 3m
Al &
| N N
! “;:_ .‘-_" 1

20.The distance of a body 1s ex;_}}‘ééﬁsea by the relation; S = 2¢ + t + 10.
What is its average speed during the first 10 seconds of its motion ?
21.A body with an initial speedéf 1 m/s accelerates uniformly at 2m/s* .

What distance does it cover-in' the third second?

22. An autho mobile driver fhoving at 20m/s spotted a track 50m ahead that
is moving at 10m/s, How long will it take him to overtake the truck?

23.A car speeds up fmm 5m/s to 25m’s in 10sec. What is its acceleration?

24 A body initially‘lét" fest accelerates uniformly at 2m/s’. How long will it
take him to cdyerd00m |

25.A body acdﬂlarat;s at 3m/s while its velocity changes from 20m/s t-
40m/s. What'is the distance covered by the body?

26. A caf'Starts from rest and accelerates uniformly at 2m/s? in a straight li.
A. What is its speed after 5 seconds
B. How far wiil it travel in 10 seconds
C. How long will it take the car to Cover 400m

77-12\ bady kicks a ball upwards with an initial spee
all's

d of 10m/s. What is the

A. Maximum height
B. Tine of flight

hat i - / ast with
28 What 15 the relative velocity of a car moving at 40m/s due east
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76 Unit - 3 Motion in a Straight m‘
respect to itself —

: S (m)
29.From the displacement - time graph %
shown, find the velocity of the body )
30.From the velocity - time graph. Find 60 /
A. Acceleration of the body 20 E
i travelled !
B. Total _d:stance OW%]
v (m/s)
ar==-; !
]
i
:
— (s
4 8 (s)

IL. Explanation to the Questions

I. When it changes position with time
- Distance is the total path length travelled by a body

2
3. Displacement is the change in position of a body in a certain direction
4. Speed is distance per unit time, while velocity is displacement per !

time. S QPRI
Average speed is total distance divided by total time taken while aver
velocity is displacement Per unit time.

A
6. Instantaneous velocity is the velocity of the body at a specific instan®
time or position

Acceleration is the rate of change of velocity
8. Uniform motion is motion of g body at constant speed
9. Yes. In uniform motion acceleration is Zero.

10.Free Fall js 5 body that is
so that the only force act

11 - Velocity is constant and

12.Relative velocity is the
¢ of references.

13‘Displacement

14. When the body slows down

7.

dropped or thrown in to the air in any diree”
ing on it is gravity

acceleration is zero i
velocity of a body with respect 1©

et
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77
Tﬁ:’m B, moved atonstant speed, B to C, it slows down and from
| C to D it speeds up.
. Solution for the problems
v-u 0-6
16.A. t = = =3sec
\ a -2

B S ut-2at'= (6)B)-3 ()GY ~9m

V- f_z =8, =(V,) (t,)=(144.5) (1.5)=216km

2

18.Since they are approaching, their relative velocity is

_ 222 +t+10_2(10)* +10+10 ~ m/
t, 10 10

2L.g% =y 4 %(Zt-l) =1+ %(2(3)—1)=6m

22.8,=8,+50 = Vt =V{t+50
] (20-10)t = 50 = t = 5sec

233_‘Vu_25 5_ m
R TR

24~S:ut+;at :t

Z(S) 2(400) -
a 2

t= 20sec
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78 Unit - 3 Motion in a Straight Line \
1y (40)*- (20)° T~

= = 200m
2a 2(3)

25.v? =y’ +2as = S=

26.A.V=u+at=(5)2=10m/s
B. S=ut+ % at? = (2)(10) ~100m

- 2(S) _ J2(400)
S= ut G at = t=
C. \J

t—20 Seconds
27.AVi=u?- 2gh

max’

(10)2
2g‘ 2(10)
B. h=ut-%gt’,h=0

2u _ 2(10)
g 10

28.VA=VA- V,=40-40=0, zero

t=

= 2sec

Rise _ AH _AS_80-20 "
29. V = slope = —ym
pes Run Ax At 20-0 /s
Wha =SB0 e AV, 44
Atl 4 S 2 Atz

= (), zero

B. S, = -;- (4) (4) + (4)(4) = 24m
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UNIT -4

4 . Force, Work, Energg and Power

- 1 The Concept of Force (

. 2 Newton's Laws of Moﬁon
. 3 Force of PI‘lCthI‘l

-4 The Concept q_f.r._Work

A-P-A*P-*‘"‘

- 5 Mechanical Energy
. 6 Mechanical ._‘I%ower
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Unit-4 _Force, Work, Energy, and powey

4. Force, Work, Energy and Power

Dear learner, how are you? This unit provides you the most COmMmon tepy
Wwe use in our every day life. So now you will not only be able to define
concepts, force, work, energy and power, but also explain the Variatigng
and relations among them. Have a nice time.

4.1 Whatis Force

!n our everyday life, we use the terms force, energy and power

mten?hz.mgeable as if they mean the same thing In physics however, they

‘ are distinct terms with different meanings as we define them in the coming
N\ sessions. |

-, Force: Is a pull or a push interaction between bodies
/ Fom Is a vector quanti

ty and its SI unit is the newton (N), and the
strument used to measure force is called newton meter, which can
digital or analogue.

What are types of Forces
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~ uUnit-4 Force, Work, Energy, and Power 81 "
— ' sl
mct Force: Is a force that can act at a distance with/Gut the
need of physical contact between the interacting bodies. Ny
//" p—

mclude, gravity, magnetic force and electro static*foree’

3 BNs N1 @ 6
. magnetic/ " electro static
b _.

force sm. ™ force

Effects of Force |

When a force acts on a body, it may defonn-é}'iihhngc the state of motion
~ ofthe body. S

Therefare. a force may cause a body to:
* Change its size and shape
% Start motion
= Stop motion
= Change its direction of ingt-ibﬁ
———————— CozceptuaL EXample enimmhe s

l. Can a force always causé motion? Explain

Aored n o
: ._!ch 13 needed. to change motion speeding up, slowing down,
L/ & and speeding al] are motion changes that need a force.

.2
e Newton’s Laws of Motion
© three laws of motion fo

@ . rmulated by Isaac newton are stated as follows:

— The law of Inertia
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82 Unit-4  Force, Work, En;aﬁ;%
This law is valid for a body that do not experience foe Joi—~

€€ feteXormm

— 2

Newton's 1* law states that; . ——

“A body at rest remains at rest and a body n mbtfimn Continyeg it
at constant speed in a straight line as long as 1 net ‘

B 4 \\\‘.
L7 3 2
Did You Know? et

N

Inertia is natural tendency of a body to remam in i
and that is why we call the first law, {the law of i
mass of a body, the larger its iner:tﬂi;;’i—: )

ts existing State o

. Fimog
nertia and, the p;

8ger

N SR, e T COHCDEU[ Example m*ﬁ ragh
3. How is inertia of a body reiatféd to the mass of the body? Expls

»
(Sg_génatz’on , ‘ L

—— \
Because, mass is théﬁiieasure of amount of matter contained ina bod,

Hence lighter bodiesysuch as small plastic balls have few particles

can easily be st5ppéd or moved. But,

have much pérﬁéjé;gf and can not be e

heavier bodies such as a big rd :

asily stopped or moved. |
What will happen to your body if th |
A) Starts nfotion

€ car you are in suddenly
B) Stops thotion

0) Qhange its direction of motion

q &
(_',xgé;tmtion

4/;:‘
~ppait 8t ©
ard since it wants to ruﬂamkeah
; ants to
rward since you body wants I€

’ fA}-jour body will lean backw
w "LB) Your body will be thrown fo
f_;“‘::- moving at the car’s speed

. . , ol
C) Your body will be thrown side ways since it want to move
constant speed in g straight line

jon
Newton’s Second Law —, The law of Accelerati©
When no net force acts on
constant velocity. But, when
this is explained by the

\

il

‘ ove

; : ins at rest o M°
a body, the body remains a g ]

\ . celeralt
a net force acts on it, the body acce
second law of newton
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—.——— ..
e —

...
W"‘ Law States that;

«The acceleration (a) produced on a body is directly proportional to the
applied net force (F) and inversely proportional to the mass (m) of the

body " _

Mathematically, Newton’s 2™ ]aw 1s expressed as ~

— -

F =ma “ o/

Therefore, IN = 1kg m/s? f[“_
| « One newton is the force thai when acts on a body of mass 1kg produces
an acceleration of 1m/s?

e ceesss Conceptual },\ﬂrnpte

5. What is needed to give an object a greater acceleratlon‘?
Answer: A larger force cause a larger acceleration.

6. What will happen to the acceleratlon of a body.
A) Keeping the mass constant, the net force acting is doubled
B) Keeping the net force of coustant the mass is-doubled

dtgénatton o

A) From,F=ma =& = £
A% m
a, -5 g
ml“‘; 1
_ B 2F
a, = L= = 2a, it isdoubled.
. ..tf'nwlz ml
B) Ag’éiﬁ;ﬁfrom a= F
m
a, = _FL
m,
FE _FE
a2 =_1_ = _1_ it 1
mz . > a,, it is halved
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1. Is there any difference between mass and weight of abody 3

i
Ex énatz’on .

Yes there is Mass is the measure of the amoun
body and it is a scalar quantity that is constant
is the gravitational force acting on a body
earth and it is a vector quantity that varies

tof matter CONtaingg,
cvery where g we'ya
lowards the cgp L

from place to place

__lllustrative Examples s v.

8. What a net force will cause a 10kg
8m/s to 20 m/s in 3 seconds.

Solution

F=ma= m(v—-‘-l—)=10(£03—-§)=40N

body to increase its velocity froy

t

9. Aforce of 100N acts on a 25kg body that is initially at rest. At whattir
will the body attain a velocity of 20m/s?

¢
10.1f a block of mass 25kg resting on a smooth horizontal surfi

' il
subjected to the external forces shown. What acceleratio?
experience?

m m 25 ) ‘lf‘v
ll.’l‘l:.l:c::ngineofa\cm'|>I\mim:e;r.anat:cc:lcmlionofﬁmfszm‘h‘=
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Unlt - 4 A' ’
/T'— p"lls another car of the Same mass, what would be its acceleration )
\v " f F

| F,=F,>ma, =ma,

m‘l a'| — ml a| — a'l 6
h—— == —_— e— e 3
T Tm, 2m, 2 2 W

l 12. Two carts are pulled by a child on a smooth surface. What is the force
“ exerted on the string by cart B?

ForcattA:F-T=m,a.. (1)
Forcart B: T=mA... -2

___F 205,%2

me!hecmuﬁonga mA+mB=3+l—
— T =mya = ()(5) =I5N

13. Which Combination of fundamental quantitics can be uscd 10 CXpress

force?
A) Acceleration and mass C) W-mlmgﬂlmdm
B) Mass, time and velocity D) Time, length, mass
ML
Hiat: From, F =ma = IN = lkg m/s’= 73
j T MD

| . i
f 4"'2:’;Chlldrmmﬁgmingoveratoy.0"cpuns ;

+ the other pulls with a force of 65N west.
| ety

Scanned by CamScanner




86 Unit-4  Force, Work, Energy, and Powe,
A) 140N East  B) 140N West C) 10N East

D) 108 Weg
Hint: F=F__-F  =75-65= 10N East
AﬂsWe'.: ¢
15.“You cannot push a table without it pushes baCIL?J@ﬁ’-you” which "y
physics laws describes this statement.
A) Newton’s first law

C) NeWton ’s third law

D) ke?ler’s third law
Hint: This is the law of action and reacfion

B) Newton’s second law

& Answer:
16. What happens to a body on whicha ’é&nstant net force acts?
A) It velocity increases constanﬂ);f—:
B) Its acceleration increases;dﬁfmrﬁantly
C) It moves with constarit vélomty

D) Its acceleration begbtiﬁeé opposite to the force
Hint: A constant net. fo

e erce give the body a constant acceleration and
which in turn cause thes

the'velocity of the body to increase at a const”

T
I

| Answer: A
Newton's Thivd .
" The exi SJ l)u dlaw —The law of Action and Reacti?’
! € existenc f . .
/ follows 0 force In pairs

is €Xxplained by the third law of newton &
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(-) = The force act in opposite direction

= The action and reaction forces act on two different bodies.

As an example, consider the following situations;

In a rocket. launch, the fuel is burnt and the resulting hot gases are forced
out of the rocket and the reaction force drives the rocket forward

Action T
Rocket Launch

Re - actionl

17.Aboy. kicks a ball with a force of 400N due east. What is the magnitude
and direction of the reaction force of the ball.

Extpénatzbn

If the action force is the force of the boy on the ball, them the reaction

?;:ce becan}e thef force of the ball on the boy. Therefore, the reaction
¢¢ magnitude is 400N and its direction is due west.

4.3 Whatis Friction Force?

Whe

N One su : .

 Motjg rface tries to slide over another surface. there is resistance to
n by the oth ?

er surface, this resistance to motion is called Sriction force

Frieti

. n: Is a ¥ =

N Contacy force that Opposes then relative motion of surfaces that are
TheT\\\
oy

0
rce of friction depends on:

© Natyre
of : X
“Moothnegs of ththe surfaces in contact. That is the roughness or
€ surfaces, which is expressed using the coefficient of

| -
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Unit-4  Force, Work, EW
friction, i (mu)

“* The normal force (F,), which is the \

pPressing or
perpendicular to the surfaces in contact.

Sllpponing forq_
Mathematically, friction force is calculated using’ ~)

=]

Where: /= friction force

= coefficient of friction - -
F,,=Normal Force w
Types of Friction

Depending on the relative movement between the surfaces in contat,
friction is of two types - static 4d kinetic.

Whmomﬂﬂfawﬁesmsﬁﬂemtheodmbutmggmoving |
Mathematically, it is obfairted by: |

)

Where: The subseript (s) stands for stafic

""lhcmaxim

n“n‘.'l_l‘static friction ﬂmtalisesonthévage of mOli"“is‘:‘ﬂad
static fricfion,
tic Friction: Is a friction foroo botwoen g sxfce Bal &
re VGMbonWtﬂlwchOdler =
Mathenmm.‘ ically, it is obtained

s by;

= F,]
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Unit - 4 Force, Work, Energy, and Power | 89
:'E[)?fﬁcient of static friction is greater than the coefficient of kinetic
friction.

SIS CONceptual Ex M

18.Why do vehicles, easily get stuck in a mud? Explain

(ngénat{on
Because, the friction force between the tir

s and the ground surface s
reduce. ‘
19.1s there any advantage we get from friction force? Explain

(S nation

Yes. Friction helps us to walk,

to write and it also help cars to move
and to stop. |

20.Friction causes shoes, cloths, car tires and parts of machinery to wear

out and it retards motion, produces noise and causes wastage of energy.

What should we do to reduce such negative effects of friction?

(S tion
_We need to lubricate, smo
instead of sliding motion,

——— T —— musr

21.A Skg block is at rest on a

othen and polish surfaces and use rolling

ative Examples e emtismm

i horizontal table. If the static and kinetic
°°ffﬁ°1¢nt of friction between the surfaces in contact are p, = 0.75 and
K=045. force is needed to

A) Stare the block move
B) Keep the

O L=uF,= (075
=375N
L=nF
=22,

(mg) = (0.75) (10) (5)
D)

x = (0.45) (mg) = (0.45) (10) (5)

k .

1S the Shd'i‘ down a 370 incline plane with a constant velocity. What
“oetlicient of fricy:
of friction between the surfaces?
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90 Unit-4 Force, Work, Energy, and Power

Jo[(:tt'on
%—r

F-fma=0= magsin® - pmg cost =0
p = sinb/cos® = 0.6/0.8=0.75

\

4.4 Whatis work?

In every day language, work is any activity that Ff:ﬁ@]ﬁi‘fes physical or meng
effort to be accomplished. In physics however, work is a technical term gy
is defined as follows: P

b

Work: Is a transfer of energy from one body't0 the other and obtained by
to the product of a force and a displacemeént.

Work is a scalar quantity and its SI unﬁlsthe Joule (J)

In physics, work to be done, the.onditions are:
= Force must be exerted
~ The body must be displdeed, and

= The orientation betyen the force and the displacement must %
considered. )

Mathematically, the Wol'kdOIle on a body can be computed as follows:
If a body of mass m i

s thoved a distance S by th lication of exten?
! - y the application
orce F that makes an angle 0 with the displacement, as shown.
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peme ¥ Concepltual Examples g sk wie a-**

2 4

-1 What will be the nature of the work done when the angle between the
force and the displacement is

A) 0<90°
B) 6 =90°
C) 6>90°

~

6{‘041_/czlzafz'on
We know, W = Fs cos 0
A) 8 <90° Cosb is positive = W =+ ve, positive
B) 6 =90° Cos0 is zero = W = 0, zero

C) 6> 90° Cos0 is negative = W = - ve, negative

A L -
24.What is the work done by gravitational force on a satellite orbiting the
earth, Explain

((:xg(anatz'on |

In th . :
: his case, the force and displacement are perpendicular and hence,
€ work done is zer

I ———

2.3 ‘ A
“211)1122(152 you llft&{d a load from the ground and carried it then you
Lo the Or some distance on a horizontal level road at constant velocity.
f¢ any work you did on the load?

((: éna tion

e —

Yes. You did «
ou did some work when you were lifting the load up.

i llustrative Examples Rt R RN . it

(_).A man -
ulle :
of lf)ronidu? box by a force of 200N with a rope that makes an angle
Splaceq the be horizontal. What is the work done by the man if he
0% 100m along the horizontal?

,)

“
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92 Unit-4  Force, Work, Energy, and Power
ower ™

Mﬁﬁﬂ
F

W = Fscos0
1
= (200) (100) (cos60%) = (20,000) (E)
= 10,000J

27.When a force of 150N acts on a body that is at rest, its velocity becan
10 m/s in 5 seconds. What is the work done by the force?

So&tion

d
W=Fscosd = F (" > “) - 150(")2+ 0) 5= 37501
Note: 0 = 0°, Coso® =1
utv
and, S = t
+s-(*3")
28. A block is dragged a distance of 10m by a rope under a constantfom“’f

120N. If a 720J of work is done by the force, what angle does the 10
make with the ground?

Sp&t:’on >
W=Fsms0:cos9=w= 720 = 0.6
Fs (120)(10)

6 = Cos” (0.6) = 53°

29.What is the work done
kg to a height of 10m

%ﬁ_%//

W =Fs cos - 0 = mgh = 1000 (25) (10) (10)

§

v

i
by a crane that lifted 1000 boxes €ach with
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—— =2500000J

10.A force varies with the displace as shown below. Wha ;
" by this force as the body is displaced from x =

s the work done
Otox= 12m

F (N)
10+ ..... %
03 8 15 > (m)
Solection |

Work done = Area under the F - x graph “/ J

1
2 '

w =% (10) (12) =603 N

i
31.How much work is

done by a 65kg mnner on himself to accelerate
from rest to 10m/s?

T

We know, W = Fscosf, if 0 = 0°, cos0® = |

l ‘\‘\»“ l .
W=— Py — 2 _
1 5‘,»_7_‘_;"‘3; 1
w=lay 1 z
S = 5 (65) (10)
“.3250)
q. 743 )
. s what is Mechanical Energy?
body ¢ . " ch
Storeq e 24 has energy

candowo:k,andaworkdomonabodymnbc
ooy by the body.

Nerpy.
L the capacity or abiliy 1o do work.
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94 Unit-4 _ Force, Work, Energy, and poyer .
Energy is scalar quantity and its SI unit is the joulc (y T
= Regardless of its differe

potential.

~
nce forms, energy is always cither ;
Ney

IC

Kinetic Energy: Is the energy possessed by a_b@“aa;oﬁ&;mn
Kinetic energy of a body depends on the mass (m) and tle speed (_'v‘)_.
body, and mathematically, it is obtained by; .

Of the

1
Kinetic Energy = > (mass) (speed)’

“ - Conceptual Ex

32.Can the kinetic energy of a body ever be negative ? Explain

e

(S'xaeénat{on ___

No! Since kinetic energy of a body is expressed as a product of iFs mass
and its speed squared, both non-negatives, it can never be negative.

33. What will happen to the kinetic energy of a body if for
A) Fixed speed, mass is doubled
B) Fixed speed, mass is halved
C) Fixed mass, speed is doubled

D) Fixed mass, speed is halved

(Siénatc’on _=
A) KE, = —;-ml\ﬂ

1
K57 30m) e =2 fm)

KE, = 2KE,, doubleq
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D)KE,=1KE,
2
1 (1 ¥ 171
KE,=-m|2y | =1(1_
: 2m(2v‘) 4(2""")
KE. = 1

3 = ZKE' ,Became one -fourth

Work - Energy Theorem

(S;rl]nce Work done is energy transfer, this theorem says, if external force acts
abody, it will cause jtg kinetic energy to change.
w\

3:( - Energy Theorem States that; «
Ma in its kinetic energy”.
Thig ¢
N heorem cqp be expressed mathematically as tollows:
€
know, yy = Fscos =g, maximum

W=(ma) S

€ work done on a body is

4, from, V=4 2ag = a5 =
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‘—\\
[vz —u2] \
W=m
2
W = l—mv2 1 mu’
2 =1
KE, - KE,

w=m¢.E

«JUllustrative ‘r;\am'ah,s ‘

34 A car of mass 400kg is traveling at a speed of 20m/s What is thc kinetic
energy of the car?

Solation _

K=o my* = -(400) (20)
= 80,000]

35.An object of mass mokgmiwes around the earth with a kinetic ene®
) of 2.45 x 10'). What is thie:speed of the object?

2(211i5;<10‘°)

= m
. 1000 x10° / o
36. Whﬂllsm:wo:kd(mcbyaforoemaccclemtmga lﬂkgb"dyfmm
loamdofls:nIs?

n.‘_'i w =r AKE — l_ mvz _ lmz
2 2
!
W=~ i
5 (10 (15)° -5 (10) (0)

W =1125) &7
WY
37.A 100 of work accelerates a car from rest to Sm/s. How much
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—eded to accelerate the car from 5m/s to 15m/s
QMF
1 1
W|-—AKE| _5mv12 ‘Emulz
2W _ 2(100) _ ¢
TV e

W = _;_ ®) [a9?- 67 ]
= 800J

38.1f a 4kg body initially at rest travels a distance of Sm in 2seconds unfier
the action of a constant force, what work is done on the body during

this time?
Solation

W = AKE = 1mv? - L o?
2 2

B i

W=%mv’-%mu2 =-;-m[v2 -uz]
W= @6 -oy]
W =501

39‘WAVmge force is needed to stop a 100g bullet travelling at 300m/s
% 300mV/s as it penetrates in to wood a distance of 10 cm ?

Solution -

W=AKE—-mv’-—;-mu2,V’0
2
Js=-—mu? > F="0
2 2s
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() TELLU T
2(0.1) )

The negative sign indicates the force is resistive force
40.The driver of a 2000kg car traveling at 20m/s

applies the brakes
car. If the brakes provide a frictional force of

4000N. Whag W(mlL ;

the stopping distance of the car? df
/
Solution
‘ﬁ\_
W=AKE=lmV2 -lmuz,V-:O
2 2
-.fs =_l m-uZ — g = mu-
2 2f
_ (2000)(400) _
(2) (4000)

Potential Energy: Is the encrgy possessed by a body because of I
position or configuration _

Potential energy is of two types Gravitational and Elastic.

pecau®
Gravitational Potential Energy: Is the energy stored by a body
of its position from some reference surface. //

g]
It depends on the height (h) and mass (m) of the body and S
o g™
Gravitational potential Energy=(Mass)( height )( Acceleration due

T
4 m
GPE = mgh
h "
I
h brol #
The heavier the mass and the hlgher the body is from !
greater its gravitational potential energy. }_,/.,;*/"‘ot"”

T s
Elastic Potential Energy: Is the energy stored by 2

2 W
nfi sion of the bod b
Conhguration. That is, compression or exten of the'’

t
x) 0
It depends on the force constant (K) and deformation ( L
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 Unit-4 rorce, work, energy, and Powsr 99

“nd is given by

1sic potential = (force constant) (Deformation)
ElgsitC pe? ‘

2| —

= The larger the force constant and the greater the.déformation the bi gger
. . i
the elastic potential energy stored.

i

=-.1f a ball is raised to the same height, Gﬁée'_on the moon and the other

lime or the earth, in which case the Wall will have greater gravitational
notential energy? . Nl

(e A

kxglanatz'on Y
— S e — —— —————— — —
\\’76 kno\;v,

GPE = mgh, smcemand h are same, and since g is greater
o the earth than it is on the mO0n, the ball has larger GPE on the earth.

' . . . _ . . - - -
fthe qetonnatjon of a matérial is doubled, by what factor will its elastic
solential energy change?®

éﬁ’éﬁgﬂm O

EBLILLSE ALV Fxamplestit o s am it o

o R A T, T
€s a 200kg rock 1o a height of 2m. What is the
ntial energy of the rock?
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100 | . Unit-4 S
So&tion N
GPE=mgh= (200) (10) (2)
= 4000J

f force constant 500N/m is compressed so that 0.6255

44.A spring d in it. What is the deformation of the spring?

energy is stor¢

~
_‘_—S_C_'.[it_"_oll_——-—————-—‘ P —— —
Lkx2 = \/Tkxz
= _kx X = .[—
EPg 5 7
_ 2(0.625) ~ 0.05m
500
= 5cm

45.When a force of 120N is applied on a spring, it causes a stretch of 4cm.
What potential energy is stored when it is compressed by Scm?

So&tion

= —

———

1
= EPE = 5(3000) (0.05)* =3.75J

= . e . o 1
In the absence of dissipative force energy is conserved. And this 18
expressed by the conservation law.

Law of Co : —_:___—*—“'”-’———/’/’

onservation of Eney “ weatel
or de ; gy states that; “enerey cannot be 1€
or destroyed but it tran ’ 8y

sfered from on

. ¢ form to the other” o

That is for » e T the other I
or a LlOSCd § —

St . -4, 4 gl . :A;>J [0, ¢ b ~ .-’ ! is
7£50., ystem, the change’ in mecKanical energy of bod
! ‘ A | T F | . ! '] }

——

AME = 0 trean At T i
= ME initial = Mg final
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/E'; Potential Energy

K, = kinetic Energy

How fastf\;(:: enrs done or energy is transformed is expr_(%$§éd using the
concept 0 Y

power: Is the rate at which work is done or energy 18 transfe

rred from
one form one from to the other.

7 i
'

Power is a scalar quantity and its SI unit is thg-i{éﬁ (W)
Mathematically, power is obtained by S~

Power — Work done _ EnérgyTransferred
Time Taken Tfme Taken
p=V
t
Hence, I1W = le ~
= One watt is the powe_‘_lj;‘dc“véloped when 1 Joule of work is done in 1

e
N‘» 1 3

second

Y
W SRCE R Ty
v ,)

e e oAy
N J_',-.-:;:

Cunceptual Examples i

o MIA and Mr. B are give the same work. If Mr A finished it in 2 hours
andMr. B i 3hours who is more powerful? Explain
¢

47 For, MrA"S ore powerful, smce he finished the work in a shorter time.

Whtchom does 5 of work in l()s Force two does 3J of work in 5s.
force produces greater power?
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~~
— ]
~

= / p ___
W ———

——

L
\
| £
]
o
|
<
I
3

48.A ttle uses 180,000 of electrical energy m 3 "minutes. W
power of the kettle? -

Soliation

= 100w

49. A man lifts 50kg box to a helght of 20m in 30 seconds. What is
power he developed? ™

Jo&tz’an

p=3

the

h _ (50)(J0)(20)
t 30
P=333W

ym/s i
50.A 1000kg car faceglerates uniformly formly trom 10m/s 1o 30m/s
seconds. Calcufatc

A) The work dgne on the car
B) ’l’he power developed

Soﬁd(on
z_;—‘_—:‘

A T
W= 5(”"’”)[30* 10" | = 400,000

v
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W'i(l0,000
B) P‘T' 2

p=200,000W=200KW

51.Show that the power developed by a body can be computed by;
P =FvcosO

4

Where : F = net force magnitude
V = speed of the body

So&tx’on
—_——eee—————

We know, p=. - Fscosd _ (Fcosf) >
t

t t
P=Fvcos 9

L1

52.A bpdy is ab!e to walk at a speed of 1.5 m/s pushing a bag along the
borizontal with a force of 100N. What is the power he developed?

So[utfon
g ———————

P=Fv cos6

P=(100) (1.5) cos (0% = 150W

53. s Lol ; .
, A bgl! I k{cked up in to the air. The work done by gravity and air
Iesistance js respectively?

A) Pacis: s
) Positive, positive C) Negative, negative

B) Positj : :
Uve, negative D) Negative, Positive

Hint. )
The force are opposite to the direction of motion

>4 Which Answer: C

) ich of the following is equiviient 1o 137

) Kg m/e |
1) = INin = kg m/s’, i, = ke me/s?
A sprip f Answer
g of _ | - 3
kg block force constant 160N/m lies on a friction less tabls W "2

Movi . e
' ek OVing at 12 mys strikes it, what will e the blovk :r2ed i
£18 compressed by 1m?
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A) 4m/s B) 8Sm/s C) 6m/s D) ]E)mfs\é
|
I 2 ]
1 2 IS |
1 2 1 2 4 —(160) (1) i 1
bl 12y == (12)v + 5 (160 P, 8 ,
2(12)( ) 7 7 i
‘i"':’ N hl
y = 8m ‘
' A Ta Answer: B
56. How much work is done on a 0.5kg objectiﬁj@?_ q!:lzinge its speed from

4m/s to 12 m/s ' {)

A)4) B) 8J C)lb] D) 321
_— ] 2 1 2 1 7 '__i- “ 2 l 2
Hint: W = — mv* — — =—(05)d2) — - (0.5) (4)
n Slint- = () 12) >
W =32] S
L W 4 Answer: D

57. A force does a negative wo:kwhen
A) The force is perpendlculﬁfto the displacement
B) The force is opposirt,é&‘ibptﬁé displacement
C) Both, force and dii:slplacemem are positive
D) Both, force and »‘d?splacement are negative
Hint: W=F §W§ 9, = Negative when 0 = 180°
v U Answer: B

58. What is the ?“;?fage power generated by a 60kg man as he moved
stair 29@1&1’11_‘31 4n average speed of 15¢cm/s ?

A) 9000W B) 900W C) 90W D) OW
. R
..vr--.»_.::_fﬁnt: p= T = Fv =mgy
P =(60) (10) (0.15) | Answer: ¢
= 90w

52.The maxij ;
»2.The maximum work is done when the force and the displacemen! o

) Pacallel 1o each other B) Perpendicular to each othe"
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Wch other D) At 30° to each other

Hint: W =Fs cos0
Answer: A

20kg body is displaced a height of 10m. The work done against

0.A : .
¢ gravity and the work done by gravity are respectively.
A) 20001, 2000J C) -20001, 2000J
B) 2000J, -2000] D) -20001, -2000J

Hint: W =mgh = (20) (10) (10) = 2000J
Answer: B

61.1f both the mass and the speed of a body are doubled, by what factor
will the kinetic energy change?

A)4 B) 2 C)8 D) 6
Hint: KE, = l m, v,z
2
kg 1. a_1 .
2 = _2' m, v, = E (2m,) 2v,)
KE, =8 (KE)) - '
: - Answer: C

2. A.l kg block is released from rest along a rough inclined plane of Im
height. If the speed of the block at the bottom of plane is 4m/s, what is
the work done by friction?

A)10] B) 8J o D)4

Hint: Work done by friction =mgh - -1:.; mv*

W, = (1) (10) (1)-%(1)(4)2 = 2]

Answer: C

(Jjj"/" (, . | . s
+ OUkg man juimps down from a 0.8m hight table. What will be his

"Peed when e hits the ground?

A) 2mie .
m/g B) 4m/s C) 6m/s D) 8m/s

?;l]t |

1

5 ny; =mgh = v = zgh—z \/2—66)(6_3_) - 41%

Scanned by CamScanner



] hadb L T FUiLE, WOrk, Energy, qnasw\\
—— . o ______._______*___‘_‘_____\‘ —— bkl ‘\

-~

.

—~—

i i Ansi-
—=—= End of unit Questions Problems ?\\T‘?rzg\
. Give short answers o the following questions. =

~

1. What is force?

[

List the types of forces
>. =xplain the effects of force

{; :b |
State the laws of motion 0

Explain the difference between mass and wei ght

What are the requirements for work g He done?

o

What is energy? ‘'

8. What is the difference beMem'"'ki@fic energy and potential energy’
9. What is power? )

10.The unit of work is kg mz/SQ_True or False ?
11. What is friction forcem. ~J

IL Satve the following pmhléms

> 12. What is the accelefgxf__iﬁh'of a 10kg block when a force of 50N acts ot i
13. What force will lgt*é 2 5kg object to accelerate at 4m/s? ?

4. What is the Weiéht of 2 250kg object on the moon where the
acceleratioq:ﬂue. to gravity is 1.6m/s29?

. .r‘?. A [hl’
15.A box is displaced 6m by a 10N force along the horizontal. What ¥
work dong?”

at is 1
Sug? ) & stone at a height of 8m in 2seconds. What'
Power developed by the loader?
17. What'j e -300m*
. L 18 the kinetjc CNeTgy of a 200g bullet fired at a speed of -
18.Calculate

A) The Potential enerpy of

B) The position

a 10kg stone at a height of 10m
of the |0k
400J)

ol
)t

(1
g AR H ' ]]erb
& Stone if it possesses a potential €
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A ane s capable ofdoing 1.5 10 of work in 10 secmmds oo
'lhe power of the crane?

20 What is the driving force of a sport car of 400K W engine power sq <
' o let it move at 40m/s

21.A 65kg bicyclist rides his 10kg cycle at 12my/s,
A) How much work must be done to stop the bicycle?
B) How far it travel if it takeg 4seconds to stop it?
C) What is the magnitude of the stopping force?

1

22 A spring of 200N/m force constant is used
spring is compressed by Scm, calculate;

A) The energy stored in the spring

B) The velocity of the ball

C) The height reached by the ball

If two springs with force ca
A) Paralle]

to launch a 10g ball. If the

RR]

-t

nstants K, and K, are connected in:

?

s o
B R TIAY
DT ey

0w mych workisneeded

. ) Tyt £ Lt
o ey E e

in each case, to stretch the system a distance x?
Shart Answers gng Explanations

, OTC€ iS a push or g pull interaction between bodies.
2 F

Ore
TCE can be Contact or non-contact
LA ce

b,,;y May cause deformation and change in the state of motion of a

The law g of motion a
N

| (:Wlon‘s 2nd laW, t
NeWlon'g 3rd law,

re formulated by newton and are the following.
e law of inertia

he law of acceleration

the law of action & reaction
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5. Mass is the measure of amount of matter contained by a b &
is constant everywhere. Weight is the gravitational pul| oy a ang ;
it varies from place to place. Weight and mass are related by, W \y ang

Mg
6. In physics, work to be done; the necessary conditions are;
= Force must be exerted on the object
= The object must be displaced in the force directiof,

= The angle between the force and the dlsp]acemem must be
considered.

J

7. Energy is the capacity or the ability to do work

8. Kinetic energy is the energy of motion while potentlal energy is the
energy of position. N

9. Power is the rate at which work is doné ‘or energy is transffered,

10. Work is defined as the product of fm’ce and displacement in the force
direction. |

W =Fsconsf - *

1J=1INm = 1kg (m/sl)m ~ lkg m?/s%. True

11. Frictional force is a fqrce that opposes the motion of one surface oV¢f |
the other. .

NS

IL Solution to the end of. t'init prnhlems.

AF™ 50
12 F=ma—=a=—="_
a-fm 10 5%2
13.F =ma = (is)'(4)—100N

14.W = %‘@50)(1 6) = 400N
IS. W;Fsmse—(lﬂ)(é) cos (0°) = 60
16. P—;g_hz (500)(10)(8)

t S =20,000W =20KW
17.K, = Lmy? = 3

‘ e = 2mvi=—(0.2)(300)" =9000)
18. A)PE=

mgh = (10) (10) (10) = 1000]
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» _PE _ —4
B) P =meh =D = o0

21.A) W= AKE = Zm[ v’ - " ],m =65 +10 = 75kg

1 _
W == (75) |07 -12? | = 54005

B) s=(v+“)t=(ﬂ)4= 24m
2 2

W _ 5400

Ofs=Wof= = 225N
S 24

1
ZA) B, = ~Kx? =~ (200) (0.05)'= 025

B) K, =EP, :%mvz = 0.25

V=7%

h=25m
BA) w_ I 1
W—EPE=__2_KXz B)W:EPE=EKXZ
For paralle] spri _ K, K
Springs, K=K, +K,  For series springs, K = —

K, +K,

K, K
$W=l 2 |x?
2| K +K,

=W x:.!z.(l(. + K})xz

SR I I M Ry S AT AL T



UNIT 5

5. Simple Machines ;-
5.1 Purpose of S__ilm'?lhé Machines

5.2 Mechanicai _Advantage, Velocity Ratio
and Efficiéhcy of Simple Machines

5.3 Type__sg‘]of*S'imple Machines
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5, What are Simple Machines?

learner;how do you do ? In this unit,you are going tg?_ a‘eﬁne simple
Duﬁ\ines mention types of simple machines, descrng‘i-,.;ﬁ‘é propose of
“?:: {e machines and get to know terms such as effort; load mechanical
Zldvzntagea velocity,ratio, work input, work output, efficiency and so much
nore things. Enjoy ! (P

5.1 Purpose of simple ﬂiﬂchines

Inour every day life , we use simple machings;;put ,you may ask , what are
these machines any way ? "N

——

Simple machine :- Is a device that helgg 11s to do work more easily.

A simple machine is machine thatf“t_:ilﬁkes one force and changes its
direction,distance, or strength. The-force you apply to a machine 1s called
the effort. These machines help-us.fo’get a jop done easily, by multiplying

force, multiplying speed or distarice and by Changing the direction of a
force. et

No matter what the type of s{mple machine may be,it will,serve as one of
the fOHOWing purpOSe&. ‘_ ‘

Force multiplier:- Erfables us to move a big load using a small force.

Speed or Dnstance,multiplier:- Enables us to move a load greater distance
N4 short time, ‘ _".‘?’:’;'4

Direct; w \() e
4 “chon chaliger:. Enables us to move a load in opposite direction to the
Pplied forcel 7 ¢

N‘JW l gt o . ‘ '
E"o;:;é be"fami“es with the terms we may face frequently In t'hlS unit.
“oag ( *= Is the input force that is exerted on the simple machine..

the Ubjeq)z- Is the out put force that is exerted by the simple machine on
Worg y
In .
Wory Qupm (Win ):. Is the work done one the machine by the effor:t.
" (Wout ):- s the work done by the machine on the object.
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5 im
%Mef;anical ﬂdva“‘age’;h\c.},

Ratio and Efficiency of s;
MachineS

Here,under, we are going

advantage, velocity ratio an
Mechanical advantage:- Is

mp),

to be clear about the concepts Mecha
d efficiency of simple machines

the ratio of Load to Effort.

load
Effort

Mechanical Advantage =

MA =L
" E

w It is a unit less quantity.
Mechanical Advantage is of two types ; Actual and Ideal

Actual Mechanical Advantage:-Is the ratio of load to effort taking into
account energy lose .
L

AMA:‘F: , There 1s friction

\ Ideal Mechanical Advantage ‘- Is the ratio of load to effort as;unﬁng o
) energy loss due to friction |

L
IMA:E , No friction

velﬂ(:ity Rﬂﬁo =1 = . distaan
moved by the load S the ratio of distance moved by effort to the

Velocity Ratjo— Pistance Moved by Effort
Distance Moved by load

VR=3e
S L
- Iti ;
lt.ls A unit Jesg Quantity
Clency:. | i ‘
the ratig of Work out put to work input
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e
, _ Work out put "3

Efficiency = :
ork in put
W out
n=——")100%
Win

since, Work out put = (load ) (Distance of load YWort
(L) (SL) Work input = (Effort (Distance of Effort)
win=(E) (SE) Then we have ;

-nz[%]lOO%
_(L)(8y)
L (B)(Se)

] 100% i,

I Can a simple machine multlply Energe ? Explam

Explanation:- No. That w1H wvidlet conservation of energy
2. C

an a simple machine multlply force and speed at a time ? Explain
i Explanatmn :-No. Bnergy can not be created or destroyed.

iiustrative éxamples s

3 i Tt
a fOTCt: of 100\!’ ls dpplled on a simple machine to lift a load of 50 kg

0
\ a%he"’ht of Tm, A$suming the distance moved by the applied force
tam Calculate‘ the;

)Elfou
5; ;uad
Oy Me
J) Ve

eoha ieal 1.1\,-1“»[&2:6

louty ratio
) ‘V()l k ]nl:u
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- N
So[utzbn:

— \\.

\\‘_

A) Etfort= Applicd force = 100N
B) Load=Weight=Mg = (50)(10) =500 ~*.”

5 N,
C) MA=L_300_, e
E 100
D) vr=2:_8_g¢
1 :
L

y M

E) Win=(E)(S;)=(100)(8)= 80@1
F) Wo, =(L)(S,)= (500)(1)—5001

Wout 60(1
G) pn= 100% = =_1100% = 62.5°
U ( Win ) ’ '8@0 ’ 4

I |

5.2 Types of Snmple Machines

There are six simple machmes They are the lever, inclined plane, wedz,
screw, wheel and axle, qnd pulley

' Simple Machme

Picture

b ad

fi

r

1__\ \

Inchned plane

' Wheel and Axle

e
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|
| |
Lever | i
| I - ——— *_4}' = § — - —
| .“ 1]
| 7 1R
, (@&
Pulley ;
| ]
B i

Now,let us study the Mechanica! advantage, velocity ratio and efficient
y of each Simple Machines .

Inclined plane:- Is a Sloping Surface that is used to lift a body to some
height.

MA = lt?fad _L ‘&@
| ciort E \9“% yy height(h)
VR= Length L &

height h| <8

e s [(lustrative Example - sl e
4 .
{f an effort of 80N is needed to push a 240N box up a ramp of 40m
ength and 8m height. Calculate
A)MA
B) VR
C) Mof the ramp
Selatio,
M
A Ma=L _ 240 s
E g0
8 vr<L _40
h g~
Q) n= (MA 3
VR |100% = (5)100% = 60%
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116 Unit-5 Simple Machines

5. What is the velocity ratio of an inclined place of 30 inclinagjg
horizontal ? " from

:

k

6. If the efficiency of an inclined plane IS obtains to be . 0.8, then Whatis
the mechanical advantage assummg the velocity ratio is 4

So&tion : w

) n=%=>mﬁ)ﬁ= (VR)=(0.8)4=32

7. What is the i mpqtenqrgy n 0 a ramp of 50 % efficiency if the out p!
energy is450J
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T L 'nlickncs,_x(t) 7 J Y
MA =
\ VR- Length L length(#)
Thickness
MA Lt
" VR EL

st e e 1L LUSTIATIVE CEXAMNILES ks ipsomigiiiing
8. Aneffort of 200N is applied on to a Wedge of 4cm thick and 12cm long
to split a log of SOON into parts . calculate
A) MA
B) VR
C) nof the wedge

Soluation

et

J n=83%
- Which Wedge has the greater VR

Y %‘ B)%t C)%Zt
Sl

Nvg L
t

—

X
A

' B) VR2’<~2-II'.§ L
t =2 T):ZVRI
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_ L ——_l_ .;[.:\}:—]-\']R
o VR=77200) 2

Therefore, Wedge B has greater Volatility Ratio

Screw '-Is a cylinder with helical threads around it and. nsed to fix Objects

n -

together. o - .
circumfrence of shaft
Pitch J
VR = 217—:—1- L
Thread —>
B md .
P

Where : r = radius of shaft ‘
d = diameter of sh;d:ft[.:
p= Pitch “‘f‘f':.,: )

mstl ative Example = s

10. What is the velocity ratio of a Screw of Pitch 10mm if a shaﬁ of 15.9¢m
radius makes oné cycle .

So&tz’on J v _—
VR_‘ : r_(2) :)41)(15 9)_1000 |
- J-‘jw /

Lever*- Is a rigid bar of metal or wood free to tum about 2 P“’Ot pot

ceﬂed‘ fulcrum and is used to raise an object. _’_,/////,-q
— eve ]

* Aever i is a bar that rotates around a pivot - point called fulcrum:
can multiply an effort or multiply distance and speed.
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Effort Arm:- Is the part of the lever that extends from the fulcrum to the
effort . load arm , is then the part of the lever that extends from the fulcrum
1o the load.

Classes of a Lever

Depending on the relative positions of a fulcrum, a load and an effort ,

there are three classes of a lever. Those are 1st class, 2nd class, and 3rd
class lever.

Now,let us investigate each class of lever one by one.
First - Class Lever:-The fulcrum is between the load and the effort .

Examples of the 1st class lever includes

Craw bar Claw hammer
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o —
—

Second - class Lever:- The lox load is bctween the LEOE;:\\\
Examples of the 2™ class lever include *‘lhiﬂ‘lcrﬁlf\
Wheel barrow S
Xt u» ..m . A ‘t/;g \ Botte Oeny
VR is always greater than one (Z
Third - class Lever:- The eﬂ'mtishetween the load and fulcrum
Examples of the 3" class lever lnclude
FIShmg rod S
Tongs
g L

IListrative £ XKEMPDLE

11.In a nut cracker, a nut is located 2cm from the fulcrum andﬂ“wwn
force of 20N is applied at the handles 10cm from the fulc
force is applied on the nut 2 J
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—
‘So&ft’on

m
Assuming no friction ; MA = VR

_l:___zs.:L{s_e]
E s S,

E =(12)20=100N

12. What is the velocity ratio of a claw hammer if a force is applied 30cm
from the nail and the fulcrum is 2cm from the nail?

13.An iron bar 3m long is used to lift a 60kg block. If the fulcrum is 80cm
from the block, find

A)IMA
B) Effort, E

Solition

A) IMA=vR=Se _22

w3y

E=218N
M'Fmthe follow;
OWing lever system, find the VR
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~

~
cSo(}ttt'on o
vrR=e 43 _g
S, 05

Wheel and Axle:-Is a wheel secured to a rod .called an axle and is used
to multiply force or speed

By

_ Circumfrenceof Wheel _ 2zR
Circumfrence of Axle 2nr

R

VR :T VRcan>1,<lor=1

VR=

v sonenecneas [lLustrative Example «

15.Using a wheel and axle, a 400N load is lifted by a 5SON forcegsiz?and

at the rim of the wheel. of the radii of the wheel and axle arc
6¢cm respectively, determine

A) MA
B) VR
cy N of the wheel and axle

So&tt’on

\

L 400
A MA=—=—=§
) E 50
R 85
VR=—=—=14.2
B) r 6
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//

MA_ 8 _056=56%

— p——

() T=yr 142

m with a grooved surface over which a rope 9}_._?';}"&1;5“
uliey-~ f

asses 4
Wa pulley is equal to the number of strings, or mpes
supporting the load . @.

VR of a pulley can be greater than one > 1, less that one &) 1 or equal to
Apulley system is divided in to three as fixed mavablc and compound.
%ﬁ;

Fixed pulley:- Is a pulley with a fixed axle and a rope wrapped sped

ver the to { ™
over the top. EQ

1 £ 1

AHF”@d pulley has a velomty ratlo of one VR =1 and is used to change
ection of the applled fm‘ce

' Mo“’lble Pulle
Yy - Is apull
, Sown with the load PU ey with an axle that is free to move up and

J

bl Pulle
Yha
> & velocity ratio of two VR = 2 and is used to multiply
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_ s a combination of fixed and mov‘abﬁp‘um"y‘ e
PHS

m pulley:
also called a block and tackle. .

vV, =3
l{%

s ekt [llustrative Examples #

S

16. For each of the pulley Systems, determine ;

A) VR
B) The effort needed to lift the 100N load

: E
L E 1I. IMI. _ E

Soéttbn -~
I. A) VR=2
B) 2E=100=E=50N
II.LA)VR=2
B) 2E=100= E = 50N
I1l. A) VR =4

17. Which kind of pulley makes your effort force larger?
A) Fixed pulley
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_,/‘_— >
B) Movable pullcy

C) Compound pulley
D) Fixed pulley and movable pulley

\

Answer: B
8. Which simple machine can Not be used to increase force?
A) Lever C) Fixed pulley
B) Wheel and axle D) Movable pulley
Answer: C

19.1n a simple machine effort of 120N acts through 3m to raise a load of
480N to a height of 0.6m. The efficiency of the machine is:

A) 70% B) 80% C) 90% D) 100%

Solution
MA _ ( 4L8%20

4
100% = (—) 100% = 80%
3
VR 36 J >
Answer: B

"0 A 100N force is applied to a load to a height of 10m using a machine

of efficiency 60%. If the effort moved distance of 50m what is the
magnitude of the load?

A) 100N B) 200N C) 300N D) 400N

LS‘Oé&'cm
Mﬁ
MA =

VR:)MA n (VR)
L

= (06)( ]
100

= (100) (0.6) (5
L = 300 ) (5)

r':

-3

. A"lach. Answer: C

With
:dd Ofl 200N ¢q y Veloc,ty ration of 12 needed 1600J of work to raise a
) S0%, height of 1m, What is the efficiency of the machine?

B) 60% C) 70% D) 75%
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—
So&t:’an

n= (M) 100%, Woutput = LSL = (1200) (1) = 1200;

Win Put

=29 o
1600

n =15%

_ »; Answer: D
22. A simple machine has an efficiency of O,Z.S;éhd velocity ratio of 12,
What is the mechanical advantage of the machine?

N9 B2 6 D)3
So&t;on | -

MA .
MA q(VR) ._‘:v ,

MA =075 (12)

23.A10cm long and 2criwide metal wedge is used to split a wood. Whi!
1s the velocity ratigri of the wedge?
A)3 ~ 06
B) 5 “.'f_"'f-‘_: : .
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‘Spéﬁbn
= 2rr - 2(3,14)(2)
VR = =
p 0.314
VR =40
Answer: D

25. Which one of the following is true about simple machines?
A) Velocity ration is usually less than mechanical advantage
B) Mechanical advantage is always less than one
C) For speed multiplier machine, VR < 1
D) For a force multiplier machine, MA < 1 |
Hint: VR <1 or MA < 1, speed multipliéf machine

VR >or MA > 1, force multiplier machine
VR =1 or MA = 1, direction changer machine

Answer: C

| 26.A 50N force is needed to raise a 20 kg object a height of 3m. If the
k‘,. length of the plane is 15m, What is its efficiency?

D A)I5% B) 80% C) 85% D) 903
- L/ 200
Hiot: ) MA 75 290, =08
%L %

n=80%
20 o Answer: B
. an H . ‘
/ % I:,(;}med Plane of 4m length and 1m height has an efficiency of

at is its '
A)3 mechanical advantage?

B) 2 6
S, C)5 D)

fon

VR ¥ MA = nyR) = (0.5) (4) = 2

2
Whay i the Answer: B
Urpose of the pulley system shown below
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—

E - H
A) Speed multiplier C) Dtrectron change
B) Force multiplier D) ﬂ?s NO purpose
Hint: VR =2 PN
L Answer; g
29. What is the velocity ration of the lever'shown below
Fulcrum Load Effort
A)2 B) 0.5 C) 3 D) 5
Hint: VR = SE _ A ;
SL 0.5
VR=3 W
[ T %/ Answer: C
. 30 ;ﬁ 7 cm thick and. }5'cin long wedge is used to pierce an object of 2m
:ng and 20 cm, diameter What is the velocity ratio of the wedge?
& .. Bl C) 0.47 D) 2.14
Hint g™ € _ 15
Nt 7
"y wer
31 WHALE the yeloc Ans
) 'Y ratio of the pulley system shown

Scanned by CamScanner



_ ol

Wims T

A) 4
B) 3
0) 5
D) 6 E

Hint: Velocity ration = number of ropes supporting the block
Answer: B

roblems #:#:

- eview End of unit Questions and jp

Give short Answers for the Following Questions

What is a Simple Machine?

What are the purposes of Simple Machines
List the Six types of Simple Machines
Define the following terms

a) Effort '

b) Load

¢) Mechanical advantage

d) Velocity Ratio

¢) Work input

f) Work output

-
.

& -

8) Efficiency of simple machines

What is the difference between Ideal Mechanical Advantage and Actual
Mechanical Advantage

Describe the three classes of a lever

E .
*Plain the three types of pulley

How .
can we determine velocity ratio of a pulley system

xam . - . - " .
changer ¢ ples for the force multiplier ; speed - multiplier and direction

10.How imple machine.

can . .

mech"“ica‘;{ Z;,etmmc the purpose of a simple machine based on its
antage or velocity ratio value 7 Explain

e o0 =N &
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A) MA
B) VR

C) Length of the ramp if'its height is 10m

12.A 12¢m long and a 3¢m wide metal wedge is
there is no friction , calculate

A) VR
B) The load if the effort is 20N

13.1f a lever raised a block 4m when the effort is moved 2m , what is the
purpose of the lever ?

14. An effort of 30N moved
does the machine multip

Pushed into a woq f

a load of 150N, usin
ly the effort ?
15. A Simple machine used an effort of SON

, through a distance of 8m to
lift a load of 100N through a distance of 4m. What is the efficiency of
the machine ?

g a pulley . by how much

16. A wheel and axle of radii 30cm
bracket of water of 40 N out of

A) VR
B) Effort needed
C) Efficiency of the machine

and Sem respectively is used to lift &
a well . What is the

is a SN
17. A movable pulley is used to move a 140N load . If there is a 3
friction force,

A) Can this load be lifted with a 75N applied force
B) Would a fixed pulley does the hop instead?

. sa leng
18.The efficiency of an inclined plane is 50% ..If the planet:gae?
4m and a height of 1m, What is its Mechanical Advan

lerum,
19.0n a 1.5m lever, a load is placed 0.5m away from the fu
large is the VR, if the lever is

A) 1st Class

thot

HoW
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0. A Simple machine has an efficiency of 0.75 and a VR of 12,
20. Determine the MA and the load that can be moved by an effort of
100N

21 A 40 percent efficient machine performs 200J of usefy] work What
input work was introduced ?

1 A 60 % efficient machine lifts a 10kg mass at a speed of 3m /,i What
;s the required input power ?

13, What must be the thickness of a wedge of 20cm long iflt is desired
that the input force be one - tenth of the out put forcc 2

24.The handle of a Screw jack is 50cm long . If the screw has five

threads per centimeter, What is the ideal meghaplca] advantage of the
Screw.

-

1. Short answers and explanations L
I 1tis a machine that helps us to do wqu'”éasier

1. They help us to multiply force ur ‘to multiply Speed or to change
direction

3. Inclined plane, wedge, screw, lever ,wheel and axle and pulley
4 2)Is the force applied on the ntachine

b) Is the force the machine’ exerted on the object .
¢) MA is the ratio of ldad to effort

d
)Vl; :}sl;hle arztlo Ofdls ce moved by the effort to the distance moved
oad &

I
€) Is the work dcme by the effort Win =(E) (SE)
D15 the work dene

i th by the machine . Wout = (L) (SL)
L > rano of work output to work i Input
' n = WOU( MA

) W.m VR

S 1y Clasg %2d to effort in th

) flllcmm lS betWeen

rt in the presence of friction but IMA is
¢ absence of friction

load and effort
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_2nd class,load is between effort and load \\

3rd class, effort is between load and fulcrum
Fixed, movable and compound pulley

. VR of, a pulley is equal to the number of strings Supporting the loag
9. Force multiplier :- Inclined plane, lever, compound pulley
Speed multiplier :- lever, wheel, and axle

Direction changer:- pulley, wheel and axle
10.1f MA or VR >1, force mu itiplier

MA or VR <1, speed multiplier
MA or VR = 1 direction changer

IL Solution to the End of Unit Problems
11.

A) MA:@Q: 20
300

B) VR=MA =20

L O VR=MA:>&=£=>L=(£)11=(M)(lo)=200m
h B E) \ 300
12. A) yp L _12

—“="Z_4
t 3

B) MA=VR:>%4L=E(4)=(20)(4)80N

(p¥)

13, MA=2E _

0.5, d ipli
S, 4 speed multiplier
L 150 : _
14. MA =E = 30 S,itmultiplied the effort-five times.

_MA _(L)(S,) (100)(4 \
15. n—VR (kz)(sr)—(s\o)(‘g:l:]()()%)

R 30
16. A) VR = — ="" =
I

6
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L R r 5
:VRﬂ—z—:E:L(— =40 - | =
B) MA E r R) (30] 6.7N

MA
_MA _1-100%
0 17 yR

17. A) MA=—IE =‘-74—5 = 2,150 >145 yes!

MA
n='_':>MA= VR = U. =g,
. VR n(VR)=0.75(12)=8.5

: L
SinceMA = = = L=MA(E)=8.5(100)=850N

o w 200
?]:-‘0“_1 e T
W, =04 = , Win=500J
22 :wonl__P
W, = Pou =mgv =(10)(3)(10) = 300w
P
=P :_&{_300
Yo 0 00 Watt
px| '
- MALyp_ L L E
MASVRL 2R _2(3.14)(s0)
P
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6. Mechanical Oscillabion and Sound Wave
6.1 Oscillaﬁpﬁé-!aﬂd waves

6.2 Simple‘péfﬁdulum and spring ~ mass
system

6.3 W,hg;_f are the Types of waves

op!

. 4 What are the Properties of Waves
6 ..5What is Sound Wave
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b. mechanical Oscillation and Sound Wave

Hello reader, we are very excited to meet you in this interesting unit where
you will get to know term such as oscillation, wave and disturbance, be
familiar with terms such as frequency, period and wavelength, explain
types of waves, describe common properties of waves, find out period
and frequency of oscillation of simple pendulum and spring-mass system,
define sound waves, and understand the production and application of
echo. For sure, you will love it. Enjoy!

6.1 Oscillations and Waves

Waves and oscillations are phenomena’s generated by natural or artificial
processes,

Now, let us define them one by one.
W’V‘?: Is a continues disturbance that moves from place to place
Carrying energy.

%

A . .
Vave may be mechanical or electromagnetic, and a transverse of a

Ongituding], a] of which we will discuss in the coming session.
M ————

————

;??aﬁon: Is a periodic or repeated here and there, up and down or to
== Motion of a body. L

Motion o
¢

. i ‘ arc best
Xamp| simple pendulum and the motion of spring-mass systen ar¢ b
T €s of osciliatory motion.
€ lerm | -
foll(lwings- that are used to dcscribe wave motion and oscill

>

1 —
afion aiv Lae

Equiliby , 1 nosition of &
Milibriym position; Is the rest or undisturbsd position

i : (g particle [
ec::Pl‘ltu‘de, A: 1s the maximum displacenient of a par
tlibriym position.

1S unie ¢
unit jg Mmeter(m)
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136 Unit-6 Mechanical OScm\ Y.
= Period, T: Is the time taken to cover one cycle. nd% |

Timetaken
Number of cycles

Peniod=

Its unit is second(s)
= Frequency, F: is the number of cycles made per secong
Number of cycles

Time taken
Its unit is hertz (Hz)

Frequency=

Frequency is the reciprocal of period

f=a

complete cycles.

Its unit is meter (m)

> = Wave speed, V : Is the distance moved by a particle per second.

Wave speed = Wave length
' Time taken

V= f =

T
?a

| Its unit is meter Per second, (m/s)

o L

1
T

I ysie alive 1 x
A body 40 oscillations i 20 seconds,

A) Period of oscillation

1. QML g

What is its

B) Frequency of oscillatic,y
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£
LSO[“ L

- Time taken —
A) period = Oscillation made .
20 ‘ “ - H
—— = 0.5seC ™\
T 40 - —J*
Oscillationmade 40 '
B) Fnquency = =—=2Hz

Time taken 20

» I the frequency of oscillation of a body is found t.ﬁ'ﬁb;,S‘Hz‘
A) What does it mean when we say 5Hz

B) What is the period of oscillation of the body

Solution: o5
_—mme—————

A) 5Hz means, the body moved 5 qc\fm'ﬁl'ete cycle in just one second.

1 e
B) T=?=%=0.2sec N

3. An oscillating body takes 10 sec(mds to move a 50cm complete cycle.
What is the speed of the os¢illating body?

Soét[on: ¢ -

y=030
10~

?B(:'Ch the itel{"“;'i“ "A" Column with those in column

0.05m/s

» Lr ]

?hcquené;-‘ A. distance moved inone cycle
- Period B. cycles moved in one second
()'ampmude C. time taken 1o move one cycle
ilibriuy, D. maximum displacement
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8 4

8.wave speed E. zero displacemep;
9.wavelength F. distance per unjt time
G. speed per unit time | i
Answers H 3
4. B 6. D 8. F |
5. C 7. E 9. A
6.2

Simple Pendulum-jéﬁd Spring.
Mass System Dy

O I

-
b
A

The most common examples of perio@iéj}l’i'otion are simple pendulum ad}

spring-mass system.

Periodic motion: Is a motion thatdepeats itself over and over again.

Now, let us make use of si
of this oscillators,

Simple Penduluiijf“‘:‘l,- |

mpié-ielétions to find the period and frequen ‘g‘

o
5
.+ Equillibry, o
______________ e
- Postion N\ J"TTm-=---- =
¢ Bob
At

Ifthe bob s displaced ay,
and there ag shown below-
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When the bob is taken from point O to point A and then released, it moves
.. from Ato 0 then to point B, and from the transformation of energy the bob
" willmove back to 0 and A and the cycle repeats.

And, the time it takes the bob to come back to point A that is to cover one
cycle is obtained by:

T=2:itJz
g

Where : T = period of simple - pendulum
£ = length of the string
g = acceleration due to gravity
And, frequency of oscillation of the simple-pendu{um is obtained by:

v W= )y

L |8 ¢

This relation js derived from the fact that , frequency and p= o9

0scillat; .
lation are reciprocal to each other. ¢

That is, f = l
T

Conceptual Example e masntiod

10 Wi there be any difference in the period of osci‘l‘lation of a simple
Pendulum on the moon and on the earth?

Scanned by CamScanner
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x}g/ naz‘xon
We know, T = ZJIJ_g—: - 1

And, the acceleration due to gravity on the moon i9 One-sixth

on the earth.
N A /g

“ gmoon
Tmoo“ —ZEJ‘=J6(2ml!
&

V6T, ™

\I |,‘J a

On the moon, the period of oscﬂlatlon of the pendulum increases

11. What will happen to the. penod of oscillation of a simple pendulum, if
the bod mass is doubled?.

I Wy
W, u

“._H o J )

) (Siénatz’on: 2 Tt | IR

L

Sincc:_,‘%T.;; 2r \/z
£ g

Period of oscrllanon of a simple pendulum does not depend 0f the
mass of the bob. It will remain the same.

12. What wﬂi happen to the fre

|
quency of a simple pendulum if the St

]ength 15
A )dnubled
) ‘halved
(Sxpéna[z’on: =
A 2/ -
) T' =2r = \/—(221' ! } |
g g |
= \/ET,increases
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g [Llustirative Ex

amples N

13.What is the period of oscillation of a simple pendulum of length 90cm
on the surface of the earth?

«So&t:’on:
g 1
T=6—ﬁ=1.9second
10

14. If the period of oscillation of a simple pendulum is

‘E second on the

earth surface, what will be the period of oscillation of this pendulum on
1

the moon where g, =~ &

6
Solution
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15.A simple pendulum of length 900cm is found. to have a perig 0 _‘:
second. What is the acceleration due to gravity of the place wyof |

oscillation is made? ¥

LS oé tion:

.

16. What is the ﬁ'equené);::ff(if;a simple pendulum of length 40cm on thj_‘1
earth surface? I |

So&tion: o, _'

e SR

Spring - mass System

It consists of a mass attached to one of the free end of a spring 23 shown
below: '

Scanned by CamScanner



Wechanicul Oscillation and Sound waye
//

143

Equillibrm _ ]
Postion mass [~~°"

If we stretch or compress the system and then release, it will oscillate up
and down.

- e e o)

Position

For example, if we stretch the system down to point A and then release,

it will move from A to 0 then to B and back to point A. And, the cycle
fepeats,

The [.im ¢ taken by the system to complete, one cycle that is to come back
0 point A g obtained by:

v

m
T:.2 bt mm— ”
w Jk 2’

L . = - - e L) - 1]
period of oscillation of the spring-mass Yyster

M = mass of the block

Where; T =

k= spring constant or force constant of the spring

Scanned by CamScanner



144 Unit- 6 Mechanical Oscillation and Sounq Wave2

Moreover, frequency of oscillation of the spring-mass system js Ob'alne‘

r

i

by: ’

; "1

\1 'S =

1|k E

T 272 ¥Ym : i

' =

The above relation is obtained from the fact,that, frequency and period of !
. . ] 1

oscillation are reciprocal to each other That1s, f = = #

3

a+ Conceptual EX

17. What will happen to the period of 2 spring-mass system if the mass #
attached to the spring, keeping others constant is: *

A) double B) halved

']

(Sx;génation: !
| 11
T=2n\l_r—n‘- ' Tzz”‘\/% s

k

1

= J2T ,increases T=—p2T
J2

18. What will happen to the period of a spring-mass Sy
length, keeping others constant is:

S e

e
N

tem if the P

A) doubled, connected in series

B) halved, connected in parallel

¢ Sﬂme

When spring length increases, ils spring constant decreases bY th

amount.
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M

x=x+x,

F
—=£+£1kl:k2
K k Kk,
11 1 2
—_——t =
kK k k, k
LY
2
= 't J
T '=+/2T, increases -~ *

When spring length decreases, its spring cort

tant increases by the same

amount. )_‘..'
—_— |
F=F+E{ *
k'x =1€,ﬁ><k2x, kl = k2
b p
»d [m m ¢
T'E=2n |—=2n,—
N2 k -
- |
] ll‘
T'= —T, decrease -
2 | ¥
li i
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19. What is the force constant of a spring with a period of oscillag |
second when 4kg mass is suspended on it? oot X

10
Lgo&tt’on:

=1600N/m

20.What is the period of a spring-mass system when a mass of 0.9k i
attached to a spring of force constant 10N/m?

«Soét‘tzbn:

T=2n,—=27 -(B
;k JIO

> T =0.67 second

. initid
21.What will happen to the frequency of a spring-mass syst¢™ O}I:allv
frequency nHz, if the force constant is doubled and the mass 18

1

Solution: -
i

%
“27r
ﬁ (l

]
— ,k'=2k and m =—2-m

L

m
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flzz..ﬂ'H‘E"

1> What will happen to the period of oscillation of a s

pring-mass syst
i the mass is double and the force constant is halved? ylem

~

SpkA(ﬁ'ont

= 2T,,doubled

6.3 What are the Types of Waves?
:{a\'e is a continues disturbance that travels from place to place carrying energy,
ith out transporting particles of the medium

L Mechanical and Electromagnetic Waves

Depend; o . '
d”}g on whether the wave requires material medium for its production and
PPagation, or p

ot, we classify waves as mechanical and electromagnetic.

M\x =
eth i - . ., .
and Zﬂlcal Wave: Is a wave that requires material mediym for its production

For
- Exam ' :
E‘ﬂct Ple, sound wave, string wave, water wave . . . efc. are mechanical waves.
ro
Maon...  BDetic Wave:

tic fie| Is a wave produced by the interaction of electric and
Fore €ds and can propagate in vacuum. :
Xam _ . :
Ly Ples xoray, light ray, gamma ray....etc. are electromagnetic waves.

* rangy
A “Ise and Longitudinal Waves
ng depen din

] f 1 i ance,
Ve clasgif w & on the direction of wave motion and the direction of disturb
aves as transverse and longitudinal.

Scanned by CamScanner



148 Unit - 6 Mechanical Oscillation and S W |
//’_’,—\/"\N‘ .
. |s a wave for which the direction of the wave mojio}

Transverse Wave: :
is perpendicular 0 the direction 0f disturbance made on the medium
’// _____
In such a wave, the directionof wave motion is atright an ggj_ to the dlrecuon?-‘ |
n A :
of particles vibratio O |
= Waye(fion |

s = =3

Crest W.F

Direction of

disturbance

o= -l ) U
s B el

the electromagnenc wave are transverse waves.

Is the highest points a'bovc the equilibrum position.
ilibrium position.

Is the lowest pm.nt below the equi
or adjacent troughs is ﬁqu""

String wave and all
- Crest:
- Trough:
And, the distance betwem two adjacent crests O

1o one wavelength. ‘.E‘
____/_//’/ 1
f wave motion

i

Longitudinal Wave. ls a wave for which the direction O
is parallel to the dlrectlon of disturbance. / o |
dj[ection A

e motion 18 the same€ to

For such a wava,fthe direction of the wav
of particle wbrauon in the medium.

Kl "
. —
Dlsturbamce
dmtlon m
L Compression Rarefaction
‘ s of Iongitudinal

Sound wave and waves on a silky spring are examples O
wave.
= Compression: | : . cles of the
mpression: Is region of high pressure where parti
medium come closer together.
w Rarefaction: Is region of low pressure where part
medium become far apart.

icles of ¢
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¢ dhstance between two adjacent compresyions or adjacer
' e LS ¢

fl
And, il to one wavelenpgth,

rarete

o the ltem in Column *A”with those in Colump g

Mt
A B

11 Mechanical wave A) High pressure region

o1 | lectromagnetic wave B) Low pressure region

V¢ [ransverse wave (") Nced medium

0 Longitudinal wave D) Can trave! in vacuum

27 (Crest E) Highest point

28 Trough F) Lowest point

29 (‘ompression () Disturbance and propagation at 90°
30. Rarcfaction H) . Disturbance and propagation at 0° or 18(°

1) Wave equation
Answers

A0 25.G 27.E - 29.A
1D 26.H 28.F 30B

6.4 Whatare thePropertiesofWaves?

All waves exhibit common characteristic. These characteristics are
reflection, refraction, diffraction and interference.

:“:edm;‘ls i"’;ﬂéing back of a wave from a hard and smooth
Unace. |

)

For examnle - 1c 1 . bac
sl;” “xample, if a light ray encounters a mirror, it will reflect k as
' ( kot . - 4 - . -

"0 below in 1o its initial medium.

TIS
) I
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Incident ray Normal Reflected ray 14

Mirror

According to the law of reflection, the angle of incidence is equal to the |
angle of reflection.

Thatis, i="Fr
llustrative Example s

31. For the following case, where a light ray performed reflections on twoj
perpendicular mirrors. ¥

Find the value of 6 and P

Soétum 7

Using the fact that comphmentary angles add up to 90°
sum of a triangle is 180° and angle of incidence is €q
of reflection we have,

6=55° and p=35°

mteriof a"gl&:
ual to the 3 |

Refraction: Is the bending of a wave due to a change in its speed
moves from one medium to the other,

A
» . ~TC Sesan
For example, if light ray moves from air into water, its speed deere?

it bend towards the normal
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mave Normal ‘

G
; Air | n,
"""""""""""" k]
O ¢ s S N
1:-~-.::--2::--.i."y-I::-.::-\ZV?EQh:-I};;:-'I:;-

........
.............
........

..................
..............

......
............

......

................

..........................
..................

According to Snell’s law, we have the following relaj;iqﬁ;

_ S_illi=1}2=vl“=,11 o La

Where: n = refractive index { ;;
V =speed of the wave
A= wavelength of wave ™"

I=mediumone [0

2 =medium two

SL1f a light wave of Wéi?‘ei;engﬂ) 600nm entered from air into glass of

reffactive index 1.5 Apan incidence angle of 53°, find the
A) speed of lighfin“giass . ;‘

B) angle of qeﬁac’ffbn ,:»

C) walw/elégigth-‘;)f light in glass o

Soletton, r
\___;————_—'

AL v,
n, v, "
L3 _3x10®

1  —
v,
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R \
V2=2X10 r% |

sini _ N,
sinr N,
sin(53°) _1.5_ 08 ¢
sinr 1 smr
g =sin™'( 0.53
sinr=—— =>r=sin" ( )
1.5
r=132.20
ol
n, 4,
1.5 600
14
A, =400nm
___’-—-""__.——-""_T/T
Diffraction: Is the sprwding out of a wave though narrow opening |
around sharp comers. “;"-"”"""";ﬁ ‘
| t
i For example, if a wave faced an obstacle on its way as shown below; 1 |
diffract.

( A

Incident ™
wave

—
§
g
g

)

Obstact e P
’_——-”’/:-///

A~
Interference: Is the mixing up of two waves of M”/’

f
The magnitude of the resultant wave obtained afier the mixing Y
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5 is obtained by the super-position principle.
wav

—_—

P \.__\‘— ——,
e rposiﬁon: States thz}t, l.he magnitude of the resultant amplitud? of
;he mixing waves at a point is equal to the vector sum of the amplitude
of the mixing Waves.

quperposition Of interference of waves is of two types; cofistructive or
destructive RN

Constructive Interference: Occurs when two wave_,s;,‘th’_ai"are in phase
moving in the same direction with the same frequericy find wavelength
mix-up \ )

———
S

Two waves are said to be in phase if there cartésponding points reach
maximum or minimum value at the same times.,

As an example, when two waves interferc “eonstructively, they form a
bigger wave as shown below: "

) The amplitude of thf;;féSi;Itant wave is larger than the amplitude of the
Individual mixing wayeés.

D“t_"lctive Interference: Occurs when two wave that are out of phase
n};?vmg In the Saﬁ*le‘iiircction with the same frequency and wavelength
X-up, L/ °

X,

]W - "' - - '
OPF:}O:QVCS are said to be out of phase if there corresponding points reach
'¥'tisplacements at the same time.

dne . smaller
Wave Xample, when two waves interfere destructively, they forma
4S shown below
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+
l
lf

The amplitude of the resultant wave is smaller‘._tljaqithé amplitude of
individual mixing waves. o

Standing Wave
Is also called stationary wave and is created when two waves of the sam
type travelling in opposite dlrectlons mlx up

For example, plucking a guitar strmg produces standing wave.
AN AN ) AN AN

\ /’
R <
2

This standing wave is formed when wave -1 travelling to the right miX
up with wave 2 Zmoving to the left.

vé
Node, N: 13 a POmt of zero displacement, and occurs due 10 destruct
mterﬁ'enge .

Fa ™ | 0
Anti-nogie; AN: Is a point of maximum displacement and 0c€U™ o

cortst.mctive interfrence.

What 1s more, the distance between successive nodes of adjacen r:in "

4 'nndes is equal to half a wavelength, /2. And,that between @ node 4
anti-node is quarter of a wavelength, A/4 okay.
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/ iLustrative Example

Munh the items in column "A’ with those in columpg

L)
4 B ™ )
.‘B.Reﬂection A) In phase mixing N
:;4_Reﬁ3¢ﬁ°n B) Out of phase mixifgs )
15 Diffraction C) Point of maximumlﬁ;s'macem ent
16 Interfrence D) Point of zero dfisplacement
17, Constructive E) Bouncing Hatk
18, Destructive F) Mixing-tp’ )
19 Node G) Spreadingout
40.Anti-Node H) Bendmg through medium
I) Trai:e‘lling Wave
— Answers.
i 35.G /3TA 39.C
Al 36.F 388 40.0

85 What is Squiid Wave?

Sﬂund' ™, . by body

tajg :: 3 mechanical as wellas a longitudinal wave produced by

§ Soa State of vibration. §

4 irce,

m:? 4o be produced and detected, there must be sot

s 'um for trapsthission
p&ed fea Y4l

( '”M | ° SPUnd pstance thrnugh
Wh‘: e s ‘30 _'> atcr Ol‘ thc Su. S c. ol fro[n
" ‘Vth it 13molv1:n, *"depends on the state Offm und in gases 18 ditteren

e thrgy, g: B nlcrefore; the speed o1 50

f Sheg liquids and solids.

b g Sound in Air

and

i oM of _
e by: Sound in ajr increases as t€MP
3
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d in Liquid

d has no significant variation as temperature- |

Speed of Soun
The speed of sound in liqui

changes.

' o

a measure of compressibility of the .

Where: B, is bulk modulus and is

s of the solt a

liquid .
p, is density of the liquid.

/ Speed of Sound in Solid |
The speed of sound in solids does not significantly vary with a chang¢® |
temperature. i

Y
v=|— :
P \
:

.Where.: Y,is Young’s modulus and is a measure of stiffnes
1s density of the solid

5

Remember: The speed of sound is greatest in solids than it is in 4%
OK!

and it is i Llaui
gases. And, it is greater in liquids than it is in gases:

b A e, oW g i
et N e Tllustrative Exam

41.What is the speed of sound in air at 14°¢ ?

| Soé:h'on
v=33140.6T
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V= 340m/s

or

14 |
= 33 1 l +— Hi:_;?'.#

42 What is the speed of sound in water of bulk m@dules 2>< 1 nga and
density 1000kg/m3? N

\/E AN
V= |— -
7 P N
_[2x10° | '
1000
=1400m/s

" ~
:;M s the speed of sotmd ih steel of young’s modulus 2x10%pa and
II.Slly 79ng/m3 ,) |“" o

'{ )
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Production of Echo W

The reflection of sound from hard surface such ag

arock, aclig | “
etc.. is called an echo. » @ byj)

Ifyou shout in front of a tall building or a mountain, yoy w;

: IThear 4, o
sound and the reflected sound,that is the echo as twq

SCparate g
Echo, is used to determine the depth of an ocean and

building or a cliff from a sound source merely by talking th
the sound wave to came back to the sound source after ref

¢ distangs
€ time tak
ection,

Where:

V= speed of sound in the given medium

_ . o »wlc
1= total time takep of by sound to move from obst
source

ack

acld
= i v i hst‘l"
8 = distance between the sound source and the ©
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s [LLustrative Example —

o a moment when thc': §peed of sound in air is 340m/s. 4 boy shouts
':‘HeIIO" in front of a cliff and hears the echo after 5 seconds. How far is

the cliff from the boy?

Oolution:

—

(340)(5)

2

vi
s:—-
2

s=850m

45 What is the speed of sound in sea water if a ship 1500m above the sea
bed detected an echo after 2 seconds?

Lgo[;fiom

vt 25 _ 2(1500)
g === Y= — =
t 2

=1500m/s

Characteristics of Sound Wave

Some of the characteristics of sound wave ar pitch,

Pitch: [s the lowness or highness of sound and it depenas on th
of the Sound wave. /_’___—______j—__—//.

' ibr n past
'm higher pitch sound, the particles of the medium vibrate more often p

thei -
heir rest position each second.

E‘Xample- bt . »
— 3 glr]S h t h thaﬂ bi_s;_’///
PG @rls have hight pitch than bOyS. < it depends on the

i"?_ness: Is the magnitude or intensity of sound an
we Sound wave, ////Wh;

]]’] . ~ o awa
re uder sound, the particles of the medium move furthe
St Position,

toudness and timber
e frequency

X “a ¢
Mple, roar of lion is louder than mew of a cat. ) and

. hel (B
R N in decibel (
emember; sound level, that is loudness 15 measured
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Sar
Qoun_d IS sdld to hL polluted or pamtal when ahay 120d0 "“dw%
Timber: Is the quahity of sound and it depends o the 1
L R TV
th \nlmd SOuUree Py

b
Timber or quahty of sound, doesn™ mean a bad o #"u» -

t 'jm !
refers to the difference in sound note produced by (hlﬁmln

2ind 1
L al

Examples, violin has a difterent timber as unnpan_dﬁp“ Buitar

Match the items in column A wuth fhose In columpy

A O s
46.Fcho L ) Reflection of sound
47.Pitch S AOB) Amplitude of sound
X Timber " C) Frequency ol sound
49. Loudness : D) Quality of sound
=‘ E) Refraction of sound ‘

4@ ..B

| B @
S).1f a ray of hght ..ﬂgﬂu.lud by two mirrors as shown below. what 5
value of dnL'L ",%,

Z J —

] Al
lhnl using Law of reflecnon and intenor angle sumn o' 4!

s ) o 50

& E b
¢ e h 1
" . f I
STA ray of Light is reflected by thiree murrors as showi wh!
ol angel 07
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~ yni

Hint: Use 1aw of reflection and interior angle sum, 6 = 25°

s By whal factor fIUS the length of a simple pendulum be changed in
" order to double its period of oscillation?

Joﬁ:tion:
T] =21 l_l
g
T L
2 :27[ E, T2 =2T1
E’ = E?‘ Eli = i‘.
T, I, T, ,
2= b
4
4=k
=S [, =4l
3, The pers ! Answer: C

Intg fourOd ofa mass-spring system is 5 second. If the spring is cut

od il s 1 . arts, the
od wi)y be? Parts and the mass is suspended on one of the p

B) 2.5 sec C) 1.2sec D) 10sec
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162 Unit-6 Mechunioul 03cul|at|on and SQund Wayg “
e —— \ .'“ ‘
So&ﬁbn: S

,m

Tl-:?ﬂ T(_

T, 271’ , k, = 4k,
__l

T 2

T, ——=2 5sec
2

Answer: B j
54.1f the period of oscillation of mass M on a spring is 1sec, the period of -',»i
4M will be

A) 2sec B) 0.5sec C) 4sec D) 0.25se¢
m
T, = 27@/ 1
| k
) =2 sz = 4m,
m2 \/7
T1

= 2sec Answer: A

net
55. What will be the period of oscillation of a pendulum on & P::C s
whose mass and diameter are twice that of the earth 7 AsSU
period is 1sec on earth.
D)
—-sec B)\/E sec C)2sec &,

N
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e DGR O g —
Soluation:_

GM ... _
gplumﬂ== R - ’MPW _ZM’Rplanet =2R -
planet ]
. - GMp 1 (GM L,
planc ? 2 F

' Rplanet 2\ R

Tt =27 ! =2
gplanel
= \/_ 2sec S '~ fl Answer: B
36.Which wave phenomena is demonstrated with the diagram shown

below? )

A Reflection B. Refraction | -';_ff‘E;Diﬁ‘raction D. Interfrence

b

wi
Hmt" The a‘i)readmg out of a wave through a narrow gap is kno

“has di
firaction. Answer: C

$7 Th
“Pitch of sound depends on?
)Frequency B) Amplitude J
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C) Wavelength D) Specd dW

Hint: Pitch of sound depends on frequency., the |

Arger the
- . (S L
the higher the pitch.

treg, Ien

S&, The londness ot a sourd depends on 7

AT Freguenoy () Wavelength
N )
i T I)' "»‘: r'(-r“ '
Hint: The Ivudnesy of a scund depends on amplitude of the soyng  §8°

e, Tne cipeer (he amphtude, the louder the sound.

Answer; BE
1

M e

. i . f St P L N - — -
A = r,_l-l b ;‘_“ oo ("i a Wasy l‘.l\\:\::.n"ﬁljf-\ LS WV elvoil l“'.i_::.i.‘ Halk ¥ '11' dx.‘f.ffﬂbe.
nen. e heguency of the wave will
1 1Y Shae Y Roma i Coistant t
3V JAcT oS {33 ingrease and then decrease E
. 1 o P LT T
Hini: « — — Freguency of wave rematis constant :

£ ]
; TR Py P 10 0LARY
F0 VThieh o e ollowing term tells us the maximum displacement oy

Vil T

irom its rest position.

ArTIChe 1T

el EN 7 § -
o F-‘ SOOI C) ‘/Vﬁ"‘e!l'nglh
Dariod 5, anplitade
P ’ - J [ »

. . . e ardlDEIUM
13iat: Maxonum displacement ol a particle from its ¢qt

nsitien e called amplitude.

. qround Stk

. ~ o N 2 Ta AL
1 pe spreading oul of @ wave through a nartow gap o«

erdoe i known as?

4,

A Reflection

| . ..l'.‘:“ @
B) Retraction ) Interfrend

C) Diflraction
) | . ¢ as | o from e
direciion of a wave as 1t move froi

Tiiw changs 1
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un

g7
'/lf/K-r is known *
0

C) Dilfracu

X Rcﬂccll(’“ ) Traction
: . D) Interfrence
Lfraction

B R¢ frac

Answer: B
. yq clephant is calling her mate that is 476m away with a frequency

311z, How many cycles of sound wave are there between the two
imals . Assuming the speed of sound in air is 340m/s.

5 Mechanical Oscillation and SouW‘
/ T —— —

)3 B) 6 C) 7 D) 8
Li‘ﬂIf (on. _
3
)L - l - '—4(_)' - 68m
f 35
s _476 _

Number of cycles= — =
A 68 Answer: C

s Allelectroinagnetic waves travel with the same speed in
11 Alr B) Water C) Metal D) Vacuum

Hiat: Electromagnetic waves travel at a speed of 3x10°m/s in vacuum.

Answer: D
Ta-sound refers to a sound wave of frequency
- Lower than 20Hy C) Equal to 20Hz
25 Gregier than 20,000Hz D) Equal to 20,000Hz

Answer: A

r*‘.,,"li" ! 4‘.. - . N
“relers to a sound wave of frequency

e than 201, (') Equai to 20Hz
%) fJrr . .
S hun 20,0601 2 D) Equal to 20,000H7
Apswer: B
Udih) ar 18"
iN: e ranges of frequency for the normal human caris:
Clw _—
0 20He and 2001, B) Between 204z and 2000
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y : y) Between 20Hz @ i
C) Between 20Hz and 20,000H2 ) ce 12 and 200,()()0}]1 i

68. What causes an echo? A
A) Refraction C) Refle Cli()nw_:\f:"'-' )
D) Interfreneg ™
& &7 1

B) Diffraction
Hint: Reflection of sound from hard surface s@dh\a's' wall,mountain

building,,.etc...is called an echo. (7
g H&:“ |
Answer: C
69.Sound moves fastest in _,;‘" ‘-‘f‘,—'-."i :
~ \/ 3 ‘
A)Gas B)Liquid . _:._fj@ijlid D)Critical fluid T
Answer: C
,- 70.Unlike sound wave , light way_é.ﬁah travel through :
| A) Air B) Waie::{'__:’_-‘_--:n‘"' C) Vacuum D) Metal i
/ Hint: Sound wave is mpehamcal wave, while,light wave is '
electromagnetics,
J‘_.. lj 2
N Answer: C

»

A) It movesibatk and fi
esibe orth C) It remai

esiba ain est
B) It moves, forward ) -
T % :H._,L. rwar D) It moves up and down

: Sincethie water wave i
f f_jl ¢ is transverse, the duck oscillates up and 4oV
. J_..n ,.3' Answer: D

72;&%& wav
A" e mov i |
, E) ¥ ‘ ¢s through a medium, the particles of the medivn il
ove with the wave
> . .
) Move in opposite direction
C) Oscillate ¢

) Oscillate about their regg position

D) Move out of the medium
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W transport particle of a medium, -
b Hint:

Answer: ¢

o wave characteristic change during refraction
.y Wav
e

 Frequency

g speed and frequency

C | g[‘c‘f’d
i Speed,frequency and wavelength

and wave length

and wavelength

Hint; Durng refraction, frequency of the wave remains constant..

Answer: C
4 When the frequency of a wave is halved, its period will be?

Al Halved B) Doubled C) Quartered D) Unchanged
Hint:
1 1
Tl =—,T2 = —
/ 2!
£
2
1 1
L=o—x=2|— =21
f \ f
I 2) Answer: B
nt
\ﬂpsp%d of an electromagnetlc wave is C and its wavelength is A

U
e Lum and if it is moving at 0.5¢ in a Liquid, what will be its
Ngth in the liguid?

" 23 0.75 5. C)0.5A D) 0.95 A
int
f
Ax

' ‘4
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168 | _Unit-8  Mechanicas
v 0.5¢

Answer. C
76. The turning back of a w

A) Reflection
B) Refraction D) Interfrence

Hint: The bouncing of a wave into the original mediym from 4
smoath, polished and hard surface is called refiection

aAves in to its initial Mmedium g0

C) Dim‘aclinn

Answer: A

77. The mixing up of two waves of the Same type is known as?
A} Refieetion C) Diffraction

B) Refraction D) Interfrence

Hine: The overlap between two waves of the same type is knownss
Interfrence

Answer: D

. © o - .. anetrcve o
78.The most mnfiuncial factor for interfrence pattern te be constructy
destructive ig?

- . | Wavelengh
A) Phase B) Speed (9 Erequency D) Wav

> ke P - - . « 41 nherfienee "\rpc
Hint: Being in phase or out of phase determines the intorficice s
Answer:

— o o e . . , ) seal waves,
79, Which of ihe following is not true sbout mechanical wad

A TR0y weud medum
) 1 dae nort Lhersy |
¢ "y 4 _ 1 1
) i-ed through vacuum |
LT AR B HOneiy D A Sy e '
y: ‘ STRICITIBLE G
L8 FEL I A vedl Waves can Fliat yadans hrough vacat Answer i
e
T
& €I . ) . Yy :_]k"\_,
<0 W oRAVeanove toward cast, s pal

-
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(') North and South

A) EﬂSt
e D) Last and West
B W o .
fjnt: In a ransverse wave, direction of wave motion and partigles
it : ; . '
: disturbance is perpendicular, %
r:C
Ve o fongitudinal wave move toward cast, Ly Danic‘ti@ vibra
swards: b
A1 ‘sl () North andtbm
it West I)) East ancaly St

Hint: [n a longitudinal wave, directioa of Wﬁr?oﬂon and direction
of particles disturbance is parailel ¢ i#parallel.
. Answer: D
fo

«" What type of wave represents the bacl Q rth, sway of crops as a
wind blows across a field of grains?

\I Helical \ )y Longitudinal
&1 Transverse D) Spherical
Hint: The crops sway back'and/forth in the wind direction:
2 Answer: C
7

“hch of the followin

aieg?

ko

ey trave] % ~
“HAhey are ll‘aﬁk

is a unique property of electromagnetic

vacuuin

erse waves

‘lh';‘», troy {
¥lray Bugh medium

:.J] l h(.' . : ]
| 1s always 3x10%m/s
Hiny.

e e s : vy O/ 111 vacuun.
@’ Omagnetic waves have a speed of 3x 1 0% /s 1m Ve

Answer: A

{
“-Uhy o .

v interference oceurs when two waves

A) Opprese -
Pposite dlrecti(m, in phasc
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170 Unit-6 Mechanical oscillation and Sound Won

B) Same direction, out of phase

C) Opposite direction, out of phase |

D) Same direction, in phase
Hint: For constructive interference, the mixing waves should be g},
Answer.

85. When sound travels from air to water, it
C) Stops suddenly

A) Continuous with the same speed
D) Travels slower

B) Travels faster

Hint: Speed of increases as the medium density increases

Answer; B

86.Freguency of a wave is the
A) Distance between identical points
B) Distance moved in one second
C) Time taken to move one cycle

D) Number of cycles moved per second

) Hint: frequency = cycle

Time Answer: D

87.How many times a minute will a boat bob up and down on oceal
wave that has a wavelength of 30m and 5m/s speed?

A)10 B) 6 0 12 D)3
=Yy ]
Hint: / A AO "6 Hz
inoneminute, the frequncy is (1](60) =10
6 i
e

88.The distanc : - iy O1F
e between two adjacent crests in a pond is 0-4m- . Sl;t W

pass a point every second wi
; without consideri rence ¢
18 the speed of the wave? cring the r€1€

A) 1.2 m/s B) 2.4m/s C) 4.8m/s

Answer:/

p) 64"
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itz v = M= (0.4) (6) = 2.4mJs

Answer: B

9.All of the following are applications of microwaves Except?

A) Sonar C) Cell phone
g) TV signal D) FM radio

Hint: Sonar uses sound wave
Answer: A

90. Which physical quantities decrease as sound travels from water to air?

A) Speed and frequency C) Frequency and wavelength

B) Wavelength and speed D) Frequency and period

Hint: Speed of sound decreases as it moves from water to air
Answer: B

91.The property of sound wave is related to loudness is?
A)Wavelength B) Pitch C) Intensity D) Speed

Hint: A louder souhd has bigger amplitude and intensity.

Answer: C
92.What is the period of a wave of frequency 4000 Hz?
A) 0.25sec C) 0.00025sec
B) 0.0025sec D) 2.5 sec
Hint: T = & = _L_ - 0.00025sec o
S/ 4000 | Answer: C
: 9
%3.A radio station has a frequency of 1500 kHz.. What is the waVeer- o -
A) 200m B) 20m C) 100m D) 50m
Hint. 1 1 . |
" T= ? = 1000 0.00025sec Answer: A
%4, The Value of § js ? .
M B) 40° C) 30° D%
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. . (0] \\
Hint: Use the law of refection, 8 = 50

I

l

! ']'.-’r.

I )
&()0 ] | B >

: 0 N »

95 The value of 0 _ ~ |
\) 65° B) 25' ¢y 75 M Dyser
! > )|

< p s — &0 -
Hint: use the law of refection, 6 = 25 o

Answer: B

A ship is sailing on a sea 600m, abo,ve the seabed. How long will it
take a pulse of sound to echo baek to the ship assuming the speed of
sound in sea water is 1500tnis 3

A) 0.8 second f O\ )

96,

C) 0.4 seconds

B) 8 seconds o’ D) 4 seconds

Hint: ( = 25 _ 2(600) _

v 500 .8 second

Answer: A

End of l_ifii'it;.-.i)uestions
What jeCiifations

Whj'“%_ Wave?

NS U W~ -
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| . nd Sound waye | 73
Wﬂ'@ of all waves? —— 4 7
;. what 1S Sound wave?
. What is an Echo?

| What is pitch of sound?
'+ What is timbet of sound?

i1, End of Unit Problems

1 What is frequency of an electromagnetic wave of wavelength 10 nm?

1 A simple pendulum of string length 30cm is oscillating at place where
the acceleration due to gravity 1s 1.2m/s*. What is the pendulum
1) Period of oscillation
h) Frequency of oscillation

1< A mass of 2kg is oscillating at the end of a spring of stiffness 800N/m.
a) Period of oscillation
b) Frequency of oscillation

'6.What is the speed of sound in a steel rod if it takes only 0.0008second
10 travel 4m through it?

\".What is the speed of sound in air at 30°c?

‘£ Aboy standing in front of cliff ciaps his hands and hears the echo after
~seconds. How far is the cliff from the boy?(V=340mv/s)

'5.How long will it take the sonar to detect a pulse of sound sent by 2

'.Ship that is 500m above the seabed if the speed of sound in sea waler
15 1500m/s?

?‘J'Whm is the period of a wave with a frequency of 2Hz? .
<L Twg dentical waves of amplitude 4cm meet. What w-rill be the e;(:em
“Mplitude of the resultant wave at a point where the interfrence
4 C(’HSU‘Llc:ti\ff:
h) Dts

-
< Whag i« .. ity 1S
an “IS the speed of sound in a liquid whose density

Sh 4 whose bulk modulus is 4x10'°pa?
ort . ions
l. A"sWer to the End of Unit Question

SCillagi . - wn or to an
) ation ig 5 periodic here and there, up and do

e R .y ?
Aled Mmotion of 3 body about its mean P"S’"on

lructive
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174 Unit-6  Mechanical Oscillatim

2. Wave is a continues disturbance of particles or fieldg that Propaga
* . . v < a ek‘
from point to point carrying energy. §

3. Mechanical wave is a wave that requires m

aterial mediyp, for jt
production and propagation.

Example, Sound wave.

4. Electromagnetic wave is a wave that can travel throy
vacuum. Example, Light wave.

5. Transverse wave is a wave in which the direction of wave
right angle to the direction of particles vibration.
Example, String wave

gh mcdium and

motion js a

6. Longitudinal wave is a wave in which the direction of disturbance i
parallel to the direction of wave motion

Example, Sound wave

- Standing wave is a wave formed when two waves of the same type
moving in opposite directions mix-up.

8. Reflection, refraction diffraction and interfrence are common
properties of all waves.

Sound wave is a mechanical longitudinal wave created from a
vibrating body:.

10.Echo is the reflection of sound from a hard surface.

I1. Pitch is the lowness or highness of sound and depend on its frequency
12. Timber is the quality of sound notes depending on its source

Solution to End of Unit Problem

13-V=Af
v  3x10*
f=‘=\= 16
2 10x107 3x10°Hz
/
14 A T=21 |L
g

’0.3
T=2xn 1~2~ =3.14second
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gnit 6

|

17.v=331+0.6T
V=3314+0.6T

=349m/s

o ]
8.

oS

i< (340)(2)
1y
st 25
> = t=7
\2(500)
t=
\lm=0-67second
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' | ——d

.Z-d.T_ l \“@w
: K
-1 _0.55econd \Q\
2 &
A. a=a ta, @
2. a=4+4=8m O
B.a=a-a, "{‘
.a=a-a, O
a=4-4=0m §)

22.V=J§: M @
\ P \l o U
:2)(103V @

r §

’

&
/ \@s?

/@

oldlirieu py cdiinscariier



7. Temperabure and 'Q‘Prmomebrg
7.1 Temperature axﬁf@ur Life

7. empemtu@ales

7.3 Types of ‘l@rmometerq

7. 4 Thermal Expansion of Materials

4
/

&
S
NG
1@
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1.Temperature and Thermometry

Hello there! We are very glad to meet you fn this fascinatip,
you will be able to; define temperature, explain types of tem
list types of thermometers and solve problems related to
conversion and linear expansion of materials. You wil] ]

1.1 Temperature and Our Life

Usually, temperature is described
and coldness of a body.

&€ Unit Wher
temperature g,

. Scales
ove and €njoy iy

as the measure of the degree of hotne

However, this description is not reliab

sensitivity to hot and cold, Therefore,
is the following

Temperature:

le since it depends on individyalg
the formal definition of temperatyre

ges. From very high sun'’s outer A

about 5500°¢ ¢, the ve Iquid nitrogen
. : 1y low liquid ni
temperature of -1 94 c. %at 1S more,on the eartpy surface, it varies from
al zone tg about -40° on the polar zone.

Ceplual
1. What ig room temperature? E

Xplain.

gxpénattbn:

e

Room tem €rature is g . s will
p a CMperatyre in the range of 18% to 22"

L
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e temperature? Explain.

, Whatis eXtreT

£ :ﬁzénatr’on: .

Extreme temperature is a temperature which is too high or toa low from
he room tem perature.

1 What is Greenhouse effect? Explain

énatt'on:

Greenhouse effect is the warming of the earth when atmospheric
gascs such as carbon dioxide, methane, nitrous oxide, water vapor and
fuorinated gases trap heat from the sun.

4, What is global warming? Explain.

énatz’on:

Global warming is the increase in the temperature of the world as a
whole .

S. What is the cause of global warming ? Explain.

(Sx &nahbn;
Global warming is caused mainly by the burning of fossil fuels, natural

gs, cola,..etc. by humans in an attempt to generate €ncrgy:

. i
What are the effects of extreme temperature? Explain.

M__ggg/g’!
Jants and

Too | ‘
anima(;w lemperature causes SNOW and 1 .
8. Too high temperature causes draught, desert, famine ant iy,

anim
v als and plants and rivers, lakes and other wat

Hi s and
gher temperature causes heat waves and leads 10 heat cramp

d *atstroke and death.
3%

Th EVice . _
Mom that is used to measure temperature of a bod

et e’:

y is called
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A typical thermometer is a cylindrical tube wigh a \_n‘mll BUIh ~
and filled with mercury or alcohol to a certain height. pag 'f’_: its h*‘i
thermometer are shown blow. y mQTCury

\\

<«— meter rule,

atmospheric pressure
& & i" .

A typical meigmy Thermometer
s A Candeplual Example Bigioryphene o

7. How do the Mercury'—ag@(_liﬁtiéohol thermometer work? Explain.

Ci

) “ ‘.:*- ‘;‘v\
énatmn: N 2

p—

They do work b)(-,'-'-exl:;nsion and contraction that is rising or falling
through the tube when the temperature changes. |

8. Mercury thf:lip_éi'neter may not be used at temperature below -40°.

Why? S,
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“The lower fixed point, LFP 7

| ¥ s the freezing jee or meltin pmfn
and upper fixed pomnt, UFP !

P _— ol Waler
IS the steam o bottine POINL of + ‘

vater,
Now. let us go through the three lemperatre seales one by one

The Celsius Scale
Thisscale, the Celsiusis also called the Cenrigrade seale and w

b Anders Celsius. He assigned 0°c to the ice point of water
the boiling point of water.

as (IC\'L‘IHpu]
and 100°¢ 19
v This scale has 100 equal divisions.

The Fahrenheit Scale

ltwas developed by Daniel Fahrenheit. He assigned 32°F (o the ice point
of water and 212°F to the boiling point of water.

v This scale has 180 equal divisions.

The Kelvin Scale

itwas developed by Lord Kelvin. He assigned 273.15k to the ice point of
“ater and 373.15Kk to the boiling point of water.

¥ This scale has 100 equal divisions.

The three scales with
th

their lower and upper fixed points are shown lising
€ mercury thermometer as follows,

M 1000C —— gppef —— 373.I5K
UFp g\ [ F - Water Boils
r T [ , —— T -
| .
|
|
Lip, L 0eC = 3p0F |7 273.15K
| = | =_| Water Frecass
| %
=
u 273.15°C L: t J -459 T°F 0K

'S ——

°F

, \i‘ﬂ.li '-fl Ly J
. BN
Scanne Yy CamScanner



|

-

52 | Unit-7 Temperoture and Thefmometry

Absolute Zero: Is the emperatire at which paticles g
d : ) L v Ot
the body will not have thermal energy. ey

Absolute Zero Ok = 273 15" rb'

Conversion Between Temperature Scales ~

To convert temperature seale X 10 temperature scale y @i ‘-'%‘-wr\»,

following refanon \CI?' 4, e
Ye—=Y *‘u

Tk o Tmcm _ T} I ce)
T T.., T £ T

s(hothng) — xfice) "~ y(bo ylice)
or 5
T, - Tx(LFP) @’ — TY(LFP)

‘{}

Tx(L'FP) - Tx(LFP$ y(UFP) Ty(LFP)_
Using the above relations. W have the following specific cases

A) To convert Celsius scal&hrenheit scale or vice-versa

__°F
T -0 T,-
100-0 212-32
T T

B 1o wmeﬂ,\ sius scale to Kelvin scale or vice-versa
D ek

0 _ T, -273.15

-0 37315-273 15

&l_ T, ~273.15

—

100 180

C) To cor
“’L‘ﬂ " & - »1
Fahrenheit seale 1 kelvin scale or vice-versa

Scanned by CamScanner



/m:'-, Temperature and Thermometry 183
~ unit-7

op=——K
.3 T, 27315
§ —
J12-32 373.15-273.15
T,-32 T, —273.15

e

180 100
e LU0

o Convert 50°F in to
a) .°C
b) K

ative Examples Sy

So[i"t.tt'on.'

T,-32 T.-0
212-32 100-0
T,-32 T,

180 100
50-32 T,

180 100

TC = 20°C

a)

" T:-32 T, -273.15
212-32  373.15-273.15
1 -32 T, -273.15

180 100
-3 T, -273.15

180 100
- T, =283 15Kk
OIVeR 200 inyg
8) o
b) K
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Unit-7 Temperature and Thermomet i

LSO ution:

180 180 O
T, = 68°F ife,
S |
T.-0 T, -273.15
®00-0 3Bas-2mas (o
T. T, -273.15 -
100 100 o~

20 T, 27315 _ 293 151(
180 100 KN
T, =293.15K
11.Convert 573.15k ; mto
a) OC “'-' ( A
b) OF .
h
Solution: ~~ _
a) Jd N

T =27315 T -0
L W37315-27315 1000
Ay T -27305 T
” | ’ 100 B ﬁ
N SBas-anas
. ) 100

/ 100
o Te =200°¢
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ynit - 7 —————NOmetry 185
/}7373.15 T, 32 “‘\LR\‘
b 7315~ 27315 21232
$73.15-273.15 T, - 32

00 180

ﬁim.ls T3 192°F
100 180

T =392"F

;2. Anunknown thermometer x has a boiling point of 3120 and an ice point
of 112°. If a body temperature is found to be 28, wha will be this
value with temperature scale x ?

So/ﬁtz’on:
m
T.-0 3 T -112
100-0 312-112
T T —-112
¢ =X = ]680
100 200
T, =168°
3. At what temperature will they read the same
4) .°C and o
b) °C and
¢) F and
‘Sf’&lz’on
e
y T -0 F—32
0o =
et ’ 2]2~32
rp. ’ - T
[ To3
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by Te=32 _ T -273.15 o
212-32  373.15-273.15
letT, =T, =T

T=574.6°

T.-0 T, -273.15
100-0 373.15-273.15
let T.=T, =T

T T-273.15

100 100

They never read the same

14. A sample of gas cools from -120% to -180°c.What i
temperature in

a) Kelvin scale
b) Fahrenheit scale

Lgoétz’on:
-—_
a) To=0_ T, -273.15
100-0 373.15-273.15
-120-0 T, -273.15
100 100
T, =153.15K
T, =0 T, -273.15
100-0 373.15-273 15
-180 T,,-273.15
k2 47315

s the change in

100 100
Ty, =93.15K
Al =T, - Ty, =93.15-153.15 = 60K

S -
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/ T

M 1000 212-32 N
170 TII_:—3—2- — —l 840 F ~'w:;:A.:.:7Z;
100 180 on
TFI = 1840 F k—:
T, -0 _ Tp-32 7 =
100-0 212-32
180 T, —32
= = —2920 F a .
100 1 80 p ". '::.'%I
TFZ = 2920 F “’-i_

ATy =Ty, ~ Ty, = =292 — (= 184)——1080

I5.1f the change in temperature is found, to bé 75°c what will be this value
in

a) K .
b) S

' v
SO é &0 - ll":-f;_f;
% r.

9 Io-0 1, -273015
100-0 " 373.150373.15

-KQE_ZE
1001

o (@ 27315

‘\251 &27315

100
TOO 03731527315
‘“"T ~273.15

]00

2 =T, =25°C
k= KZ\TKl = 25K
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T,~0 T, -32 T

b) —< — F[ 2= T

100-0  212-32

T;;l _ Tn - 32
100 180
5

ley = (T —32)

5 -
AT, =Ty, -T,, = 5 (T, =32)—(T,, - 32) |

AT, = 45°F

¥" The change in temperature in the Celsius scale is the same ag the change
in temperature of the Kelvin scale.

7.3 What are the Types of Thermometers?

For their operation, most thermometers make use of a change in physicl

property with a change in temperature. For example, the thermometri

- property of mercury thermometer is the length of mercury column and tha

"\ of a constant volume gas thermometer is the pressure of the gas. Now, kt
us be familiar with some of the thermometer types,

Mercury Thermemeter

Is a tube filled with mercury and a standard temperature scale is marked®

it. With a change in temperature, the mercury expands and contacts, 50 ¥
the temperature of 3 body can be read from the scale.
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,f' it’
R

Mercury Themometer
v 1t is used to measure temperature between -30c and 300°c.

Alcohol Thermometer

Makes use of the expansion and contraction of alcohol such as ethanol
inresponse to a change in temperature.

b &8 3023 8 8 8 89
=MMMMWMMMMWMMMNMmW@ﬂL
e IR

i
1003

S L (L
| § © 8 8 8 8 3 BT

1 o

Alcohol Thermomete
Y Itis used to measure temperature between -11

h*““”ﬁmmmmu
It e

50¢ and 78.15°¢
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190 ~Unit-7 Temperature and Thermomet,—y
v It is used to measure temperature between -27¢0. = :

Pl
Cangd 7()0(1 ~_

Thermocouple Thermometer

“OPpyr ‘md a IC()D
. Per,

It consists of thin wires of ditferent metals usually
nickel alloy welded together to form two junctions.
One of the junction, called the * hor™ junction is p]accd.‘ir; Eﬁm
bodyv whose temperature is to be measured while thdotlier Jun d:l Wi
3 (SR . 4 = ' c i
the “reference™ junction is kept at a known temgefature 'on
. ' 0 > ot + Usually an |
water mixture at 0%c. ice.

v It' is used in scientifie-laboratories to measuring temperature as
high as 2300° and as low as -270%% )

Thermistor Thermomezer f

It usSes the change i resistance of metallic oxide when temperature changes
It is of two types; hegative temperature coefficient, with low resistance?
high temperattire and positive temperature coefficient, with high resistan®
at high tempierapre.

i l'.l | |
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ion Thmﬂmter

EL

I s
mcar‘ured

r it 2 Temperature and Therﬁm

. clectromagnetic radiation of a body whose tem perature iy (o b
. ) » C

v Itis used in hospitals and in glass and electrical industries 1o check
the temperature of components of a motor or machine.

e [Lustrative Examiples sty ok s

Match the items in column ‘A’ with those in column B

Column A
*Mereury Thermometer

i Alcohol Thermometer
R

9 m g
hermg
. Couple Thermometer

of

Column B
a) Andics Celsius

b) Daniel Fahrenheit
¢) Lord Kelvin
d) -30°C to 300°C

mi e) -11¢ Cto78.15°C
2k A -270°C to 700°C
g) -270°C to 2300°C
N h) -295°C to 10,L
o, Answers =
18f 19g  20a 21b 22
%]
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1 Z Thermal Expansion of Materials ~-

™~

Most materials expand when heated and contract whep COOled

23 Why do materials expand or contract when the tempe

“rature ch,
. . dna i
Explain, o

< .
( ,.xp(ana fion:

R ——

Because, when heated, the particles of the body gain n;(;re\engggya
move further apart from each other and when cooled, the pz:nic]nd

L e
lose energy and come closer together, in this manner, CXpansion apg

contraction of matenials take place.

_Thermal Expansion: Is the increase in size of a body when heated.

When a body is heated, its particles move further apart and its size increases,

The ball and ring experiment is a good demonstration of expansion of a
material. The cold metal ball easily pass throu gh the ring. After heating, the
ball expands and it is no longer able to pass through the ring.

509°

o
c:.000'0000oooﬂ‘:’c"oo‘c’

In the same manner, the metal bar will just fit into the gap in the gauge
when both the bar and the gauge are cold

Bar

Gauge F r

In general, when a material is he
-linear, two dimensional -

o - - i ionﬂ
ated, its expansion can be one dime Pslcvcl
area or three dimensional-volume. In this
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-9 Temperature and Thermomgnl T:‘“ 193
Uﬂit/wm describe linear expansion. o

7 WE

,'u,\rg.

g

al rod 18 heated , it expands and increase in len
e

. glh rhl‘\ ly ¢ of
. called linear expansion. p

jyhen ¢
f\-p:msmn-

- ————

ijl_ﬂn;ionz Is the increase in length of a rod dye ()‘ﬂeﬁng.‘ B

ines B
ﬂ apansion, that is the increment or the change in length, AL ofa rod of
W '

.l length L, at a temperature of T is found to be directly proportional
r'l; i original length and the change in temperature, AT,

That is, if we have;

Before heating O O At temperature T

— L

At temperature AT + T

| Afer heating O O-""“O
| < A

L —AL——|

Then, it js observed experimentally that:

AL~L,, and AL~ AT
enee, AL~ AT

AL:aLOAT

“.'
rere: Walpha) g ¢a1

led coefficient of linear expansion and its unit is

T g enggy elvin(K-1) or per Celsius(°C!
of the roq after heating is obtained by,
L=L,+aAL
=Ly +aL AT
| {:”Ertml b=l [1+ aAT]
Ihe c(v);:-i”c lals “*Pand or contract at different rates and hence they
"
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194 Unit - 7 Temperature and Thermo}pét}!', T
Material (Toetﬁcient_«lf#[%-i;jc_;; f_"_’ ﬁis_i;»_n('3(\ I)
Aluminium 2.6 x 107 ~
Brass 1.9x10
Concrete 1.2x 107
Copper 1.7 x 107
Common 8.3x 107
Olass 33x 107
Pyrex Glass L 4x10°
Gold 1.2x 103
Iron or Steel 9% 10°
Lead 1.3 x 10°
Nickel 0.5 % 10
Quartz 1.9x 107
Silver

Tnicaminireeai e Conceptual Exam

24.The coefficient of linear expansion of steel is found to be 1.2 x 10-°C",
What does this mean?

ﬁ
(Sxe[ana tion:

It means that, a Im steel rod will expand or increase by 1.2 x 10~m for
every 1°C rise in temperature.

e am [ LLUSErative Examples sistmmie: s

25.:& Gold rod of length 0.5m at a temperature of 30°C is heated to 2
cmperature of 50°C. What will be the change in length after the process

Saé; tion:

AL=aL0AT=(].4x]0'5)(0.5)(50—30)
AL=14x10"m

26. A steel - ;
rod has a length of 200¢p, at a temperature of 20°C. What Will
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/ totd =

g L= LO[1+aAT] B

= 2[1+01.2x107)(120 - 20) |

- what change in temperature is needed so as to let a 1.5 long silver rod
" increase by 10em?

; .S.@twn:

| e
| AL 0.1 10000
| =aL, AT = AT = - -
AL=aLo AL, (1.9x107)(1.5) 285

)
b

AT = 35°C

. o]
3. At what temperature will the increase in length ofa 2m7brf‘fs r:Od?wI OUC :
== | A0 AL

I b p— n F o % ‘ ey £ [ 4 - § ‘:“r
wesTmm - - (@iDlUENteataltiii

glediall

|
I
et ;7' -
So&‘t{cm: I
-3

AL =al AT = AT = ;_L—o_ = (1.9 y 10—5)(2)

AT =150°C

AT=T,-T, =150
T,-0=150
T, =150°C

fficient of volume

.
~0effie ) A ' i
ficient of linear expansion is a(alpha), €0 Jume expansion 1S

‘ 32:,;“0" is B(beta), B = 2a and the coefficient of vO
| Ma),y =30, So we have:
|

: Linear Expansion, AL=aL AT
, Area Expansion, AA=PAAT
Volume Expansion, AV = YVoT
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e eI Momety,

The Bimetallic Strip

A bimetallic SIrip 1s a strip made of two metals welded togeq)
Clher,

Bimetallic Strip: Is a strip made of two afér;:rft{;;{i\.‘% ﬂn | l

. _along their length,

Cthey

For example, if iron and brass are bonded together, since ¢ _frt\
5 e - ™ ¢ . ' C ‘l\
linear expansion of iron 1.2x10°C'is less than that of brasg ICient

J .« . l 9 Jo
when the strip is heated, the brass expands more than the iron m()i(m .
bends. and the

I — =

Brass—» <« [ron

A bimetallic Strip

A 29. What will happen to a brass-iron bimetallic strip when it is
) a) Heated
b) Cooled
6x£1&zrzat[on: _ _ -

The strip is linear at a room temperature

Brass Iron

it hes
. : ce lt h
a) When heated, the brass expands more than the 1ron sin toW
ip bends

greater coefficient of thermal expansion and the strl
the iron.
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Brass Iron

Heated Strip
| When cooled, the strip bends towards the be
b

ass as shown

.4 change in temperature of 25°C is equivalent to

1) 459F B) 729F C) 329F D) 25°F
Chifliore: _ =———1
o 9. ”
AT, = %c;r(, = 2(25)=45" Aewer: A

' body is x degrees above absolute
nomal temperature of a human body is g

What js the value of x?

n 1 D) 340
" - ) 30
! R) 200 j
o370 and T ST 273
L, ~ 374273 —
. 7‘ t ‘i I ()i( r -Ll'L" f‘\‘(h\_' d“d
e Pper

Ty
: , S thermon
and ]UWLZI hxed pomts ol a iauity
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105°C . 1f this thermometer reads 2500w, - elry T

. Oy = . i == _ \\.
S 259C, Wha 15 e UClli;iuil_f" - ~
A) 150 H) 300C ( ) () W th D\'T;ﬂl:,rw
L%/ﬂ(:ﬂﬂ: o~
R I ——
—— = X=/2 ) [ 4
105-5 100—0 g
) n :'Ej 7 ' A"SWer: ¢
33. At what temperature is the Fahrenheit scalesseading equal to ty,;
Celsius scale reading? N ) tWice the
A) 160°C B) 320°C WC)w 1 75°C D) 2730
L\o/(.rtz’on: h 7*
o -2 T N -
F_ T wrd
=— RoWT. =2T
180 10037577 7°c
2T, 32 _ ey
130 100,
N I = 160?,?“‘ Answer: A
34. Which of the folloﬂjﬁé temperatures is highest?
- A)100 ) -130F C) -20°C D) -28°C
Solution: \NJ _
-13°F=25%and 100k =-173°C Angwer: C

35. Two themnometer, one Celsius and the other of Fahrenhgit scaLe Iﬂfb
kept in avbath. If the Fahrenheit reads twice that of Celsius, wha
temperature of the bath?

.’_” . )
A:):-:SQUC B) 80°F C) 32°C D) 12°C
~ 5.-=§blaabn.- __—
£~y ‘7 - T. - T
7 \LJ 1,-32 =—— Now T, =3T. =T, = "»L
7N 180 100 . -3

T,-32 T,

180 300 ;
I
T, = 80"F Agsve

R
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..,—p hetical sCale X, e iCe pain

= PT84 -

. W "‘R‘ a3 "\.Ihi".i;i“‘-.’vq' nd ok

T oesmerinels. I x reads So0 Vo - Sleam P-w- .
Voild read

m

N N e - . bT\

z B' "IU

‘-x’-u'-‘“:—
' N-20 v — { <30}
I2h-2) 13

Y :“'}. Bl 16‘1_F D 1G
) 1947F

11.;_"_[ 1[:{'_0 ;
o . Answer: D

. <K IEUD of the co
G : < E)ﬁ@@ of linzar ELpEnsion to the coefficien:

B:rig Cy1:3 G i-2

{D' Answer: C

g - B e s
a’ld - et !
" - it AT Fis =t ¥ == = 'rv-—
. = . 5 L ) 5 o ) JJg-..;;'\.-: 10 lJ a JII‘,;, ’F u\.
.= CLET Rzt Ta e 3 i Pl

2 _ CERETLOLOR IIGT N 0N Ine insitz of the Rend

a2 MR ..
- e s Fovs B
B i - b 2k T U0z AN Lapdia -
oL L
N Rl e o
1 r - 4 . r ™y =
. LAy H .‘-_ht:.' g ‘1'.'- :
—.'- o

S N Answ.

I e Sk fined Inwoa b Lo oof the st - .
- ]r} M (‘ 1350 ) . .
Ahar will happen when te 23 B
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e "~
.

p Glass T

Plate

A) The plate will drop O The plate will fold
B} The glass will crack D)llht‘re will;bc no change
Hint: Smee o >0q. it expands more. ~ Answer: A

41. A steel beam is 25m long in winter at 0°C. How much will the length
change in summer at 30°C%a,_,=1.2 x 10°/7C)

A) fmm B) 9mm C) 25mm D) Smm
\._C ] .féf tiomn: . .
AL =aL AT ={12x107 }{25}(30-0)
AL =06.009m =9mm Answer: B
— End of Unit Questions and Problems =————

i. Give Short Answer to the Followipg Questions.
I, What is Temperature?
2. What is the SI unit of temperature?

1 Thainc ~ - ; Vit as '
3. The mstrument uced to measure terppérature 18 knownas
4. Whet is Creonhous o fTeet?
| Ao byl ls Clahal warmina
LMLl st comnon teruperalre s

ot
.

M A1 opes of ther IO ey

1
- i -
Waat Is the toom temperaty - elsios

o

Y ." » e e . e
/ranis the AVerage nornal puman body temperature i
" E ¥ .ln ..iUS

7. Fzhrenheit
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~ ) Kelvin Scale o -
 What aré the lower and upper fixed points re
10,

present in g lhcrmnmclcr
scale. upper fi poi
H e the lower and er fixed points of water n

A) Celsius
B) Fahrenheit
() Kelvin Scale
12 What is the lowest possible temperature in nature?
13 What is thermal expansion?
14.What is the coefficient of linear expansion of materials?
13.Absolute zero is equivalentto  degree Celsius.

L. Solve the Following Problems
'6.1f the surrounding temperature is 82°F, What is its value in
A) Celsius

B) Kelvin

1At what temperature will the Fahrenheit and Celsius scales read the
Same?

. What is the temperature in Celsius if it is zero in Fahrenheit scale?
7 Ifthe temperature of an object is 310k, what is this temperature in
A Celsiug

g %) Fahr enheit

e o be 25°
| l.:,me and the steam pints of a thermometer are found t

- - ) JC ¢

and

ot ated from
A
Wi from 25°C
: pace | erte fro
e '58'»§Tmy Space is needed to protect a 3m long con¢

_— e
' the increage in length of a 2m copper rod that 1S h
1 1405¢o
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|. Short Answers and Explanations \

1. Temperature is the measure of averag

body ge Kinetic Cnergy of part; -
2. Kelvin
3. Thermometer i |‘-f-,—|
" Itis the warming of the earth by the green house gmes that have 1,
sun’s thermal energy. . O "appeg
5. Ttis the increases in temperature over &U 1he world
6. Celsius, Fahrenheit and Kelvin
7. Mercury, Alcohol, Resistance, Themlnocouple, Thermistor, Radiap
Thermometers
8. Itis in the range 18°C and 22°¢ "-:-—, J
9, .
A)37°C )
B) 99°C ~
™ C) 3100C

10. Lower fixed point, represents the freezmg, melting or ice point of water
while the upper ﬁxed point represents the boiling or steam point of

water. Q)
. Scale LFP UFP
T A0 100
F oW 32 212
,l(; 273.15 37315

12. It is I:he absolute zero. Zero Kelvin, Ok!
1 3 lt 1s the increases in size of body up on heating.

I¢ 1t is the i increases in length of a 1m rod of 5 given substance when 1
" temperature increase by 1k.

15.0k =-273.15°C

i
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0 w|utmn tion to the End of Unit p""hlcms —

§2-32 T 50
\) T~ - > - - L = ﬁs SU(
1027100 180 5 9
T-27315_82-32 T, 27345 50 A
T 180 =2 L
TK :328.65K . \‘\:‘-I:,\l"l“-”

T. 310-2 QY
TS B Tedsre

100 100

) k=32 310-273
O
80 “L =T =99"F

180
A 62 T 25
100 100
20 ~
Al =
2 AL QLM (1.7 x 10%)(2)(140 - 20) = 4.08 x 10°m = 4.08mm
L4
QLAT (1.2 x 10%)(3)(38 - 25) = 0.00047m = = (0.47mm

i8] 19 _
17.2°C and 1k = -272.159C , Therefore: 1°C is the 12

F

~=‘*T =87°
‘ﬁ--,.; 1)
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