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e R PREFACE TO THE FIRST EDITION

o A better appmch to define physics is to know whay phy
 @e concerned about. Physicists attempt to understand the pasig 1.
that govern the operation of the natural world in whickh
Physics s truly a fundamental sclence, encompassing a ramge o

Subfect matter from atoms 1o galaxies and even beyond, fnto the

miniature world of sub atomic particles and unimaginably arena of
the nature of universe.

The techniques and concepts of physics bave been adopted 1
every otber sclence imaginable such as archacology, moleculay
blology, meteorology, setsmology, oceanography, geology, etc. A
Modern bospital is equipped with laboratories in which the most
physical techniques are used. A knowledge of physics helps, to
understand ihe basic concept involved and Intelligent use of
everything such as light microscope, electron mfcmscope X-rays, |
wltrasonic probe (ultra sound machine), C.T (computed tomography)

scan, elaborate radiation detection system used in nuclear medicine,

we Iy,

eic. In short, the physies has played a vital role in the achievement of |
scientific, engineering and technological know-how which are known

fmm\ga fracking of new developments and concepts in

Physics (s essential if we wish 10 keep abreast of what {s bappening in

! }fm devélopments have taken place, since the publication of
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ﬁl .Pakimln in genera! and tbe p!“\ca of SM iu
entary physics textbooks are %@ c.'ass{/iad by the level of
atbematics emp!qyed this is a non r;q@dus textbook whick mq:dw
owl j’ge cy' bigh school a.’gm trigonometry and vectors Jor

of the /zmdamen:al laws and principles of
-'w:'tb :befr app!:cazm The language used in the text is

&

fo for hzg\lsér s:udxas in enginecring medzcme uamml
= Agniculture, etc

¥ , &ematxonal Systemor S units have been adopted

necessary a reference

through m boo& wbere ever it was found
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CHAPTER 1

The Scope of Physics _

1.1 DEFINITION OF PHYSICS

The colours in the rainbow, the dropping of a mango from
the branch of a tree, the rusting of an iron plece: the: growing of
Plants, the motion of bodies, the formation of the solar system, etc,
are all phenomena of nature. Such Phenomena lead us to the
study of sciénce. ; :

The subject of science is classified Into two main branches :
(} the physical sciences and '
(i} the biological sciences.

The biological science deal with living things where as the physical
sciences are concerned with the properties and behaviour of non-
living matter. The branch of Physical science which deals with the
interaction of matter and energy is called physics. This is based on
experimental observations and quantitative measurements.

Physics is therefore an experimental science which depends
heavily upon the objective observations and measurement of natu-
ral phem;“x;”ncna.

The history of physics ts as old as the history of mankind. Even

"E fave man was aware of the production of fire by rubbing two
Stones together. The Chinese for the first time manufactured paper

A | 'l'he people of Euphrates and Tigris valleys were aware of ca-
~carand they had the knowledge of geometry. The people of In-

=
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all sclences, and spectally tn physics. Archimedes pr™™
m;:llmmgwp’c in elCmenf'&l}‘ books of Phy sics, a J .--II

The contribution of Muslims in the fleld of sclence t1n Eetiery

 Signtficant contribution was made by Gallleo-Galilet (1564.
1642) through his work on the laws of motion in the presence of
constant acceleration. Johanne Kepler (1571-1630) was his ¢on.
temporary and presented Kepler's law of planctary motion. ’

Prior to 1900 AD, physics comprised of mechanics,
sound, light, heat. magnetism and electricity. The new era of mod.

emn physics began near the end of 19th century. There are two

main branches of physics now, namely Classical Physics and

Quantum Physics. Einstein theory of relativity not only revolution- -

ized the traditional concept of mass, time and energy but also mod-
ified Newton's laws of motion for describing the bodies moving
with the speed comparabie with the 'speed of light. The other
branches of Physics are as follows:

(i) Particle Physics

(if) = Nuclear Physics

{tti) Molecular and Atomic Physics

(tv) Plasma Physlics

{v)] Astro Physics

(vi) Medical Physics,
{vii) Solid State Physics.

1.2. ISLAM AND SCIENCE

In t.hc«ﬁc‘!d of scientific research the strong {ncentive comes
- from no other book and no other philosopher as {t comes from the

Holy Quran, We are told tn Surah Nooh.

“Do you not see how God made seven heavens One above the

other ?*

"And He has Placed the moon as a light in them.
e He has made the sun as a lamp

Download Bookse Guides Notes & Teste at www talibilm com

_are famous In the fleld of mathematics. astronomy, medicine et~

‘and in physics in particular will be described in detall in secyy, |

Surah Nooh Ayah 15 and 16 (re!’crcﬁ;n‘._@i_ﬂ; f#
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: d :_s He who has ordered tl:n ‘occan for you that the shlps
1m~ay sall there, In togcther mth his command.

Is in the earth, all is from Him.

M 'L"_i"-t:-sund%‘f}lere are signs in this for a people who reflect
rah AlJaslya (Ayah 12 and 13)

BUTION TO PHYSICAL SCIENCES
BY THE ISLAMIC WORLD.,

: w the Quranic verses and teachings of the H :
ammad ISA.SL the muslims translated the Hm_ﬁt
Wscarchauheendo!mth il ot

An@ He has ciggsg\for your beneflt whatever is in the heav-
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red, Al-Rhawarts
funous treatise, “Hi,

Mualim selenﬂst-

I' er Khayyam was one of '
~ proml -fmméﬁﬁﬁzme ?:amlc world. Bertrand Ruu‘h:i
~ remarked about him with the following:
Agid ‘Omer Khayyam Is the only man known to me who was both 5
poet and mathematiclan®. , .
Ibn-al-Haitham was a great physicist of the Islamic world, ment
He wrote many books. His master plece work was the book named son e
“Kitabul-Manazir”, It is the first comprehensive book on light. He

He constructed the energ
1 the laws of reflection and refraction.

dfnvahzx::?:amera The most wonderful chapter of his book is on hu- pace
g till valid and correct. . phys

man eye. The information glven in itiss

tors,

Al-Raz! was the most prominent and greatest phys!cian He 1 our 1

wrote about 200 original monographs, half of which pertaim:d to phon

. meax

medicine. e : ed
Abu-Rehan Al-Berunl was. contemporary of Ibn-e-Sina. lie

" was an astronomer, physician and mathematiclan. He also lived in 1 —_

India for sometime during the reign of Moghul emperor AKBARHis =L

famous book Kitab-ul-Qanoon-ul-Masoodl is considered as Ency- | the t

clopaedia of Astronomy. ' of ul
Yakoob Bin Ishaq Al-Kind!l wrote many books on mathemat-

fes. astronon% ., medicine and other subjects: | Ci:fy

erles

lbnw\glna was famous for his original research in the field of o

medicine. He discovered the use of catheters. He gave intravenous |

~ Injections by means of a silver syringe. He s famous because of his 1.5
medical text book named, Al- -Qanun-RII-Tib (Qanoon). He also

~ wrote Al -Shifa an encyclopaedia of phtlosophy. This compris nums

3 ‘mmdbﬁﬂﬂve Ureatise on logic, physlcs. mathematics and mes meas

Fav mm ty for

J
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were present much before the industrial develop-
"n fsf a lid of a kettle observed by George SEephen-

enabled him to Invent heat engine. o
oJdn 19th century the sclentists were able to use electrical
gy- The use of electric motors and generatorsiaccelerated the
e of industrialization. With further advar@ in the fleld of
stes and technology, we are using micro ﬁ.'m: ovens, refrigera-
W; alr conditioners, vacuum cleaners, washing machines, etc, for
~ our comfort and luxury, The invention of radlo, television, tele-

|'.\_'L

.

-”“"ﬁnme video cassette recorder and’ ‘others provided not only the
| ._“dmﬂs of recreation and luxury bt also proved a mile stone In the

Fy J i M of communlications and educann

~ The intelligent use o) \physics Is observed in many fields of
dicine and surgery e.8¢ from ordinary microscope to a sophisti-
‘scanning cleg{\mh microscope, the usc of laser in surgery,
use of elabog@ radiation system in nuclear medicine, the use
- of fultrasonic tion for diagnostic purposes.
,;‘Jr?ﬁm lﬁpaet of such developments and discoveries on our so-
ty has. ndeed been great and It is very likely that future discov-
{ ?velepmcnts will be exciting challenglng and of great
gaDY: .
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~ In CGS the fundamental unit of‘“fmg!tﬁj mass "-"Ld]ﬂme

~ centimetre, gram and second respectively.
" In the British engineering system, the unit of force, lengy
and Ume are chosen as the fundamental units. In It the uny 4
mass 1s a derived unit. The unit of force, length and time are
pound, foot and second respectively.

S, the length, the mass 3

In another system known MKS, .

4me are measured in metre, Kilogram and second respectively,
In 1960, the genral conference of weights and measures, recom.
mended that a metric system of measurement called Internationay

system of units abbreviated (MKSA) SI in all langt;agusihmmm;
d'internationale be adopted. The SI units are dertved from:the earlj.

basic units are me.
r MKS system, so called because its first three

::t_ (m), :l): kilogram (kg) and the second (8), These are expressed
shortly. . N
1.6 MEASUREMENT OF TIME |

Before 1960, the standard of time was deflined in terms of
mean solar day. Mcan solar day is the length of a day measured |
throughout the year. A solar day Is time interval between two suc-=
cessive appearance of the sun gverhead. Thus mean second, repre-
senting the basic unit of time, was originally deflned as {1/60) (1
60) (1/24) of a mean solar day. The time that is referred to rotation |
of the earth about its.axis is called universal time. For reasons &
which we need not discuss, the length of the day varies throughout =
the year so thatanaverage value has to be taken. |

A high precision device for measuring with tremendously |
largc'accurq.iyfls the atomic clock. The time can be measured toan: |
accuracy of one part in 10", This is equivalent to an unccrtalﬂf}"?f-
less than one second every 30000 years. The atomic clock 18 1095
complex a device to be described In detal, but briefly it is & radio
transmitter giving out short waves (about 3 cm long), the frequen®’
which Is controlled by energy changes in gaseous caesium atoms:

u"ﬂsper second) of the changes {s constant and not subjected ¥
error. With this much high accuracy of atomic clock. the 8

: P
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onding to a apecified energy chmge in the

, Mm to I.he basic unit of length, mass and time there
‘are ampere, Kelvin, candela and mole in SI. For the aake of com-

maﬂ are given below with brief description.
- 1.7 BASIC SI UNITS
fa} Time - Second (s)

A second is the duration of 9192631 770 periods of radiation
corresponding to the transition between two hyperflne levels of the
mund state of caesium-133 atom.

(b)  Electric Current - ampere (A

Ampere {s the current which, {f maintained tn two straight
parallel conductors of infinite length, of negligible circular cross-
section, and placed 1 metre apart in vacuum, would produce be-

o tween the conductors a force equal to 2 x10 7 newton per metre of
of length.

e {c} Thermodynamic Temperature - Kelvin (K)

e- Kelvin, the unit of thermodynamic temperature, is 1/273.16
|/ | of the thermodynamic temperature of the triple point of water.

L (d) Luminous Intensity - Candela (cd)

it Candela is the luminous intensity, in the perpendicular di-
| rection of a surface 1/6 000 00 square metre of a black body at

the temperature, of freezing platinum under a pressure of 101325
NEWION per square metre.

t@ﬁ)wﬂmoum of substance - mole {mol)

Mole 1s the amount of substance of a system which contains

R many elementary entities as there are atoms tn 0.012 kilogram

| LB ;D_lm;enslon

wol'd dlmenslbn has special meaning in physics. It Is
3 note the nature of a Pphysical quantity. Whether a dis-
: “md in any units, metres, miles or even light year. it

7
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_ Volume

-Acceleration L/'I'»- = LT

u\” J:.T

#

fon the dtmcnsiomof a physical quantity must
‘ es of equation. ‘Fhe dimensional tables atta
 quantitics may tréii‘éd like algebraic quantitics
bined, cancelled Q@zjnst as if they were factors In

FA N2 8

3 ’M '*mi‘.ai iéw"*
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ts of physical quantittes tnvolvs some degree
m due to Instrumental error and human et
the knowledge of precision of a iremer
It is essential that we understand ‘the
1ental accuracy places on numbers easure,
" ] I vestigate how we handie numb at are not exact.,
| e that the length of an object 1s recorded as 16.7 cm. This
ent is an approximation to thc\néarest length of a centi-
¢ and its exact value lies between 16.65 and 16.75 cm. If this
asurement is exact to the hundreth of a centimetre, it would-
A recorded as 16.70 cmi, The value 16,7 represents three
ures (1, 6, 7). whilé the other value 16.70 represents

¢ which is known to be rea-
‘ Y. & recorded mass of 64¢8.2 gm means
masswy\actcrmlncd to the nearest tenth of a gram and
S five significant figures (6, 4, 0, 8. 2); the last figure 2,
Dly ¢ the certainty of the preceding

y 3

| N

. €Y may merely serve to locate |
wnstance, the statement, that a truck hasa
0t indicate deflnitely the accuracy of weigh- =
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e welg ht could be written as 2.500 xlON. four signific cant
. If a zero stands between two significant figures, it 1 lt

SRV IATS

l‘."

- Ifameasured value is 8.3867, only three of whose gy,

are significant, we round it off to 8.39. A number is rounded-;,,
to the desired number of significant figures, by dropping one ..
more digits to the right. When the first digit dropped is le:
than 5, the last digit retained should remain unchanged, \
the first digit dropped is more than 5 or when it is followed by digit;
not ab zeros. the last digit retained should be increased by *&

If two numbers are divided or multiplied, the result h'as the
same number of significant figures as the less accurate number,
For example, the two numbers 4.71 and 5.642 are multiplied, the
result Is 26.6 and not 26.57382. Here we can claim three stgnifi- |

cant figures only since the less accurate numberis, 4.71, containg. propri
three significant figures. ample

Problems. ~ nitude
1. Find the area of a rectangular plate having length s

(21.3 £ 0.2) cm and width (980 = 0.10)cm. ‘
Ans (209t 4)em® |  of umi

2. Calzulate (a) the cxrcumferencc of a circle of radius 3.5 cm | value)
and (b) area of a circle of rad:us 4.65 cm | Opera
and m

- 3.  Show that the expression S=V¢t + -% at® is dirnenslondlly ,

correct, when'S is a co-ordinate and has unit of length, v,is gt

velocity, a is-acceleration, and t is time,
with a
- Supp@g’the displacement of a particle {s related to a time ment,
according to expression S = ¢t®, What are the dimensions of Streng
the constant c. Compl
5. Estimate the |
_ mate the numb.er of litres of gasoline used by all Paki line se
stan's car each year ‘ directt
ﬂven- | under
b;! e‘:; i » 500000 Average distance travelled &a: £
s ‘€ar =16000 km gasoline consumption me/ll -' e
RN Ans(13.33 x 10 lwre | ———
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CHAPTER: 2

Scalars and Vectors

= 2.1 SCALARS

1. Quantities which can be specified by a number having ap-
propriate units (positive, negative, zero) are ‘called scalars. For ex-
ample, quantities such as temperature, ‘density, volume, etc are
scalars. The number representing any scalars is known as its mag-
nitude. The scalars can be compared only when they have the
same physical dimensions (units).

| Two or more than two s¢alars measured in the same system
¥ of units are equal only if théy have the same magnitude (absolute
1 value) and sign. The scalars are denoted by letters in ordinary type.
Operations, with scalars such as, division, subtraction, addition
and multiplication follow the rules of elementary algebra.

2.2 VECTORS

Physical quantities having both magnitude and direction
with appropriate unit are called vectors. For example, displace-
ment, velpcity, acceleration, force., moment of force, electrical feld
strength, are all vectors, because none of these quantities have a
complete meaning without a mention of the direction.

A vector is represented graphically (Fig. 2.1) by a-directed
l:lm Segment or an arrow-head line segment, Q—f? whose length and
'Mon Colncide with the magnitude and direction of the quantity
under consideration respectively. The tall end-Q) is regarded as ini-

aﬂ; po:m of the vector and the head-P is called terminal point of

"
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Fy. 2.1 84

ctors are denote
iles are denoted

B,C, respective

One by the italic 5 3 respectively In
and writing, it is w@s lent to put an 2 . the corre- ; t"
) mg letters as A, B o C.oan E Jgi magnitudes are denoted by 3
| g | dIaW1

= ; ’ @)T\ﬂ i
(a) Two vectors OA'and/«C they have the same
litude and similar direction without any consideration of the

their initial g}ds fig 2. 2[a) Thus N

,_:,_.rapresentsavector OA with @pp e
;.-.af‘veetorA becomes its inlu WL
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o 0B starting at a common
own in Fig 2.3. Let U@ﬁ¥hvo vectors be the m@ g ien,

1 - -:I | rallelogrz 'fete the parallelogram OB 2
raw th , g%thedirecﬂonbyanarrowh&dﬁﬂ
ar to tha&qf’b’A and OB respectively we get

R ©
=

" N L B W - ¥ - "
D < B oA | A |
1 ] J - s -
- - M 1 F= - 3 e
N - TR . b 4 e 3 b !
L ' b ;. e - 0 i

[, T Vi
I“1 -

erminal point of Bc t‘*m .
-' then !‘cgarded as the:'ef-“_j; jal poin
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. wﬂh the vector of same kind
fon with acceleration, force with fe

?»».

. amspecuve!y. we hamby the law of ¢ cost;
R* = A® +.B? - m,\(&;o.gc '

*B’- 2084 OAC

>
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D o

e - ‘.-.~ | _u'_".,"‘-'--
'J | i ¢
.:_..-.:.II - I‘*I | :
i . - |‘
y o S o - L) : !

- by (b) <C
e N
B inal vector .
(-] Represents new vector after multiplication when scaler
.I - muliplieris positive scaler
- [@ Represents new vector after multiplication when scaler
) ' -I m’ulﬂ r, m, !s negative

.%;Qﬁlmtwn of a vector by one or more n'-"_"__“
ned b)' the following rules:

s

m
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| e |
f new vector B is-same as that of

o W4
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!nt of a vectorA with- lts inmal point placed at the origin of

gular coordinate systern as shown In Fig. 2.6 {ck Then by
 [Eq 2.6(b)] the vcctors lA;Ii IAylj and IAzIk are referred

tangular component vectors of the vector A in the direc-

ve nyfnd z axes respectively. Also |Ax| |Ay| and
| rectangular components of A along positive x.y and

Download Books Guides Notes & Tests at www talibilm com
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unit vector Is 1 and t
Uns the magnitude of

1 : . 4 ' . & '-.-\
= D : Y B G

bl ,1__.. -
e foms ‘_—— ==:i -r r.:
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ose we have a fixed reference po!nt
ecify the position of a given point P w.r. to the.
yecto ;'havjng magnitude and direction rep :
egment OP as shown in Fig. 2. S{é,l./ms vector ismlled

et r be a position vcctocbla point P relative to a rectangu-
| mtem defined by unit vectors {, j, k and starting at

.‘/
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have seen that thevccto bine or add according |
law. We would like to examine whether the same
t\mw@ are subtracted.

lmest-gmcntXY denotes the nt
B, & ; 1- m! parallel to vector B hut

15 ‘*
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. e\
{a) Two free Vectors A _gmrg '
(b Negatlve of Vector-B. e
-
fd Differerce vmar"m -B)
(

MPERWF VECTOR ADDITION

Ca‘lpkﬁ(}:%aﬁve law of vector addition.

twovcclors A andB Lctthese twoveemm

Download Books Guides Notes & Tests at www talibilm com
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e language of vector algebra, t @%pﬂ‘w of vector ad-

1 as associative law of vec(ﬁt addition. Consequent-
' af t.hese laws we cong;»{gz that the sum of vectors
|
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sssuming all vectors as fx@vectors and im:
o-tail rulc as shown in F{g;\ﬁ 12 {f) observe that

i = OB whosgﬁlitia.l Point lies on the te minal
—

~ pointof OA <
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:"ﬁl

: .‘I L‘ _;.-—-n,*;

5 069 n
: rwsumo;mQ OA’and OB
te} Sum o_fmm: OA’,08 and OC
7] s.@‘“éj vectors OA ", OB and OC
ained by applying Head-to-lall rule.
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.ii. s 1 I'd i § Lot ‘s Mée haltm g
plte direcuon to make it - -2 (2A - B) and then combmed

v this s,ituau:)n we now discuss a method for
hich is analytical..Here the giveftﬂector is re-

@ed at the origin

A @}ftctor A fig.2.15(b), we

eS PQ and PS on.X-axis and y-axis, re-

g @@W@E@M e 1 i

| g thc X-a «f and the hnc PQ is denoted by the vcct.or.Ay.
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), WE *3
' :i 1 . arnpaurusofc\ma,wa o ah
- -\ Resolution of vector A into its vector cor

vhete A, A, and A, represent the ma
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rA is written in terms of its é@fmponen

_t'vcctors fig. 2.15(d) such aswg/
' 8- ms\ 4}

nent vex

- .-j-_dc A and direcﬂon o and thc
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QYo |
the sum of component vectors along y-axis

AN\
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¢ the positive x-axis to be east and posit

 direction Fig 2.17. First we draw the Ui
rlong the e x-axls wh!ch represe
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{“/-\
\¥

ﬁf_ﬂmﬂ .
\\)@275(“) = Dm

-.!.s _135.2&;)&
Q&sultant vector = 304.138 km and ¢
ls 25.28° north of east.




www.talibilm.com

0. et 0.4271) = 25.28°
h gives the direction of the resultant Le,(g?%‘ '

&
two methods producc same results, | ", the secend
restricted to the addition of two Véctors only, while the

_ggn..m' and can he useg;,ga find the sum of two or

-
P
4 \au

Q)
4 A 4

vec%axs with reference to a rectangular coor-

Yy

(3.4)—r (6.4)
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55:;‘-05 +3+(:2) =6

\%Qéy = 24+ 4 +2 =4
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wrm to multiplication of a vector by a vector.
flerent kinds can be multiplied by one an
es of new physical dimension as expla:

\R PRODUCT OF TWO VECTORS\‘%}Q/

O .
seration of scalar product qﬁf;}o vectors involves the

tion of two given vectors l{pgytﬁi a way that the product

{der two vector Aand "B having magnitude A and B re-
having an\;lg 6 between them as shown in Fig.2.19
£ prOdllﬂ?‘;f two vectors A and B is defined as "the.

itudes of the vectors and the cosine of the angle

ABcos®; 046«

) between A and B s the smaller angle between
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Lk mperpendlculartoad;g&
2
j=k.k =1 ot 238
s 1 . 2.
e i k= B O . {;«;w’ . 234 Fig.
A . :
Z LAW FOR now:ﬁnonucr i
§ !2:
! £\
1 the knowledge q[ép;ojection of one vcctoromq ‘ wi
r, that thc‘s&ffar product ofvzctor A an& | on
f SL Y ._‘ eq‘
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&
&

AR |
Two vectors A and B and havl;agf%:gle 8 between them

-’.
? jectton of vector A onta the dtrect(an of vector B
¢ \

-’
g fepresents the pro;ectlon of vector A

M\wn

he direction of (antor 8 comparing eq. 2.35 and

- we get »}f%
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“.C_LE ;I"J:J o ol A =3 Iw

tl

-
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L]

v) | |'1 - 2’:] (J + )

a " \\)escnt unit vectors along x.y and z axes ei’ '
gular coordinate system.
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<O
dis d!Splacement whlch 45 Elven by
o (gex) o+ (y,wy,u + (zz)k
m 2- 63y +<;wl -1-42) ] + (4-(N) K

= i("*i-.-) ”& (-3) + (5k)

(8 + (5k) |
(41 -3 +2k). (-1 - 3] +5k)
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igular momentum. the force on 2 'mam e
£ ud ﬁow of electro magnetic energy, etc, we

duct 13 & vector quantty. This prodiiet is known g
ct or cross product,

sider twovcctora A and B me«‘é{c/tor product of
s 18 denoted by AxB o%“\@rcadas'A croasB‘
_;._pnductofA and B is'a new vector C = A x lby
'vectorc laperpendlmlartome planecon- {ning the
B. By definition' (i) the magutude.lA X Bl ofthe
"""-:cterthemagm:t;dc. Ic |, of the vectar C laghrcnby

- AB ging, f%’a L%

r'~’F’r¢=ts¢=nt the tudes ofvectarsA ind B
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. m ﬂwdn'ect!onofme vectorc is that in wh{c%;
inces when turned from A to B ﬁ‘( |
..the direction of the uectoer chang_eg ough 180° when

'a (B xA) Bi&‘éinal (-n)
A :=IBxAJ § [BAsinB](u)
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Q7

&

simplest example of a vector product is the mommt
a point O, defined as
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_ = k O
dﬂ! 'é ()/,\

-t xk -.(}

: ((f+.Azj+A3k

-0ss prodiict or vector product will be written as
¢ A
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sides of a triangle are for;,méby the vector A = 3 46
| vector B = 41 -Jj+ 3k. g@?munc the area ofth_

/“,_
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>
& i
&S o
dlcular to the planer

,'-..-k Bl +.u-2

L
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2
| State which of the following age:\@alars and which are Gt

;(21/ Calorie
-7 (4) Momentum
v (6) Energy
(8) Distance DS
(10) Magnetic fleld intensity
(12) Work i
trifu (14) temperature
itational potential  (16) Charge
\/ -
edring stress (18) frequency

netic energy (20) Electric field inte

| vector - (5) scalar
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unit vectc
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i__l_____ _.;._'4._.‘
BNk

1€ position vectors of poil}t&“P and Q are given byT, T = 2‘ )

- 4i - 3 + 2k Deterr
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X dlcu!.ar to the rgad;
,/} -

| 1_ =9400N &N’
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"_-lengt.hlA+ BlandlA
= angle between (A + B) and(A

a} 114.6° &) 1/15. ]/:5_5 (c) w‘:

22.D termine tbe unit vcctor perpendlcular to the plane of
3kand B = éi +3j -

R ._2_-,,,_9_
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CHAPTER: 3

3.1 DISPLACEMENT

The change of position of a body in a particular direction is
called it displacement. By definition it is a vector quantity, If a
i body moves from a position A to another position B as shown in

Fig.3.1(a) we can represent its displacement by drawing a line from
A to B. The direction of displacement can beshown by putting an
arrow head at B, which indicates the direction of displacement

B
B
o
A
Fig. 3.1 (@ Fig: 3.1(b)

from A to'B. The actual path of a body may not be a straight line
fm‘l}(ﬁ"to B, it may be a curved path as shown in fig.3.1 (b). The
arrow represents the direction of motion of the body.

3.2 VELOCITY

The velocity of a body s defined as the change of its dis-
Placement with respect to time. Alternatively it is also defined a3
"her&te of change of its position in a particular direction.

_‘Z _h-;._

55
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t to.origin O, is x:cpx;gs@ited by vector (

Q:Q | G
t2. let the body be at point Q, described by ve

from P 0 Q in time .At = t,~ t,, itunder | dy

=(r, - ?1]'

tor describing thc change in |
to Q is Ar which is equallto L
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nfrm velocity it will travel equal
,l '..lizterva]s of g:aph of dist.ance agaimt time

h and dmz;g perpendicular AB on the time am. tis

'lJ‘[ Hg kL

- o s s b e e I

wi
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Stmilarly for the motorcyelist ok

SE ﬁ mowr%ggt =v=236 km/y, =10 m/s
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| »
ol |
| T

'} I :ﬂ !1_ p I.-I -IJ— v :i.—
i .l "_") bk |n "ﬁ'ﬂ_

-or S ‘m _UOn. it covers a di st
1€ acc fkf@auon of the car (b) the
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| -
B )
™ JI
h i I

™~

" Now the distanée covered by the car in 5th second
0& - §, = 36m -'1

1 . 1
N

, Eq. 2 from Eq. (1) and putting these values
i | e
T'III

5, = 125 - 8a b s !
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i'ﬁi-'éﬁitt?h-tgramtyl. If the body mon |
resistance and small changes in the accel
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&

. e
i i |

2
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"
v P e

B s -.‘.. . £ - |-Lu
Jor skt ¥ e o

| 3 WS
.

taken to be negati &’ 2

ve be
&




www.talibilm.com , V-

Al = -é- x 9.8 x T

98T - 49T

98T =
i o
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2 x (-9.8)x. (0]
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WW in a straight line, Ve free motion, that ts, m

mhw:salsocaucdmelawofmcmnbe@usettpomu
* wards a very important property of matter which 13 called lnﬁﬁ.w

Inertia is that property of matter by virtue of which i T
state of rest or motion it tries to remain in that state.

~ If two bodies of different masses are moving with the same
velocity under identical conditions, it will be more difficult to stop
or change the motion of the body of the larger mass, because the

body with larger mass has more inertia than the body having less-
er mass. Thus the mass of a body is a direct measure of its inertia.

{iij Newton’s Second Law of Motion.

From every day experience we know that, if we push a body
harder, it moves faster. Its velocity change in the direction of the
force exerted, from such experiences it is established that when a
force acts upon a certain body, the acceleration produced is pro-
portional to the force. Symbolically it can be expressed as

F e« a
or )
Q{‘“F = ma 39

~ Where F s (vector) sum of all the forces acting on the body.
i.‘fhmmassofthe body and tlie equation 3.9 can be regarded as
_ & 8tatement of Newton's second law of motion.

i The eq: 3.9 can be written as
I |i'|| BESL ). "
e s T o=
. | 1 ¥
- L 69 N -
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,;:,gf.mouan can be stated as fonmm

here is always an equal and oppos;
e Ve | .
ody A exerts a force on another body.
ce-AonB The body B will al, '
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(0 = (10 + 2x20a

. .“Ol’ | 2. 2
2x20 i

1000 x -2.5
- 2500N

""ragc retard{ﬂon = 2.5 m/s?
erage @%ng force = 2500 N.
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W[)ELHWWW. Yyouape. Cormyc/ivil =

e ' BILT o0 - _

e ward. However, at point A the string must exert a forg, a gcf-'
ward to balance the weight of the body. Thus the d““UOnofJ:' Al
tension at A is upward. Hence the direction of the tension d'-‘pen; and
upon the point where the string is connected. However, its %' net
tude remains constant at all points. When the string s not i 5 tjon
tion, the magnitude of the tension is equal to the weight SuSpendey :
from the end of the string. ; s I

Now we come across two different cases of motion of twy
bodiés connected by a string and we shall deal with theém separately,

Case I:- When both the bodies move vertically;

actls

Consider two bodles of unequal masses m, and m, connect. war(

ed by a string which passes over a frictionless pulley as shown i dow!
ng'307¢ N nct f‘
B \/ plica

A

[\
wh

Fl19.3.7 Two unequal masses are sus 3.1
pended by a string from a pulley in Ob
such a way that both move vertically. 4 o P |

Let m, be greater than
1 m,. Hence body A having greald
mass will accelerate down with :an acceleration say ‘a’, and ¢ |
ody B will move up with the same acceleration Our problem 18 ¥
% -
ﬂndthhaccelmnon.'a'andthetmmﬂ.“ the string. k

Letusﬁmtcomddu'themoumd M.
_ body A. There are
. _fqrf:eaqcungonthebodymwd@toﬂhebodywlamlguﬂ \

72 . lll
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Of tyy '_ Thus we have the equation of motion for the body A
Ll"atg}y. ripom, g -T = m,a N 3.10
L-' Now consider the motion of body B, here also two forces ;m:
ol acting on B (i) the tension in the string which is acting in the up-
o ; | ward direction and (1) the weight Wy of the body acting vertically
no downward. Since the body 1s moving In the upward direction so the

. net force acting on B in the upward direction is T - m,g
| Again we can calculate the same force on block B by the ap-
plication of Newton's second law of motion as m,a.

Thus we can get the equation of motion for block B also as
T-mg = m,a 3.11

| For calculating “a” add equations 3.10 and 3. 11
T : we get I

Mma + ma=mg - mg

f R, A m, - m
X | L od = 1 2g 3.12

m,+m2

&I\:Z;Iﬁl?lm the string “T” can be calculated by dividing Eq:
.J.11 gs -
mg-T n,
I-mg " m,
- Bycross multipliction, we have

Mg - mT = mT - mmyg

::. "'t"- ] :
R - 73
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RIS YOUTUDE . CONMrec/IViID VAT DT FU unwu_ CTURD

. i zm : .‘ {l u1

" i | = i ‘
Zml my R ' : (1
% T= 8 3.1
m, + m, T 3
: Si
- t]
. l TRy hence
. : A 5m0°‘h
P P l od’]cr-
m,g | h B
the frict
tgnSfOn
Fig. 3.8 Two unequal masses are att- T i
ached to the ends of a string passing Si
over a pulley (n such a way that the
body A moves vertically and body A[lml the valu
B moves on a smooth horizontal plane.
mg 1
18 F
Case 11:- When one body moves vertically and the other moves e et
on a smooth horizontal surface.

Consider two bodies A and B of masses m, and m, respec- :
tively, attached to the ends of a string which passes over a pulley e
as shown in Fig.3.8 The pulley is frictionless and that it merely !
serves to change the direction of the tension in the string at that
point. The body A moves vertically downward with an acceleration =
equal to "a" and the body B moves on a smooth horizontal surface
towards the pulley with the same acceleration. th

As explained {n the previous case if T Is the tension in the Py
string, the downward motion of body A 13 governed by the equation
w
mlg -T = mia L ; 3.14 ¢
; Now consider the motion of body B. Three forces are actiné
on it. . :
() The tension "T" in the string which acts horizontally ©° Th,
wards the pulley. | Slveg

74 .
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e _mere is no mouon of body B in the verueal di £

o forces i.e the weight m,g, and the

g reaction
surface R are equal and opposite hence on of (hg

they cancel each

a4 m@ consider the horizontal motion of block B, if @\egim
ction, the net horizontal force acting on the bla& is T, the

..“ in the string which pulls the block towards 1l
‘“7@ pulley.

| 1 - Since the block is moving with acceleration a" we can get
, ;,&m : value of force by applying Newton's secorrd law of motion. |

¥ AT . = m,a 3.15

~ For obtaining the value of "a" ‘add €q.(3.14) and eq. (3.15)
wf get

m.xm )g

m -l*m
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N m bodies A and B are attached to the ends of 5 Ghlq!

3  which passes over a pulley so that the two bodles hang vertyeq),

- the mass of body A Is 5kg and that of body B Is 4.8 kg. Find ﬂ:e i
celeration and tension in the string. The value of gis 9.8 m/s",

mass ofbody A = M= Skg.
mass ofbody B = m,=48kg
g = -98 m/sec’

.Let acceleration of the bodies be ‘a” and the tension of the String b
T. In order to calculate the acceleration, we apply the l’c'tllwrmg

formula.
T
T ( m, + mz) g
5 -4.8 SISl LLLLYL
= ( ) x 9.8
5 +4.8
(=]
0.2 A T la
= -é-g X 9.8 = 0.2m/s alTh
For tension in the string we will apply the
2 B |-
formula. Ej VT
2m.m ¥
T = 1,2 g W,
( m, + m, )
m, = 4.8kg
' A
~ 2x4.8x5
\%'( 48 + 5 ) B m,=5kg£]
10 x 4.8 w‘v
= x 9.8
9.8
= 48N

tiof
Hence the tension in the string is 48 N and the acceler?

of the bodies is 0.2 m/s>.

76
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&S ,] ~. ' OMEN UM OF A BODY

g | i commenly 000 Bl & by by ey
lly o (R e toaccelerate It toagiven veloclty than a lighter body, Similarly
Lelf i Ww is required to stop a heavy body as compared to that

I g tion with the same speed.
Thus in this case we say that thebodyhavlngg:utcrm
w X W“’ quantity of motion than the body having a lesser
Stmilarly, if we want to stop two bodies of the same mass
Wing within a given distance moving with different velocities, we have to

apply greater force to the body moving with greater velocity than to
the body moving with lesser velocity.

] Thus we say that a moving body having greater velocity has
2t | a greater quantity of motion than the body having lesser velocity.
| This quantity of motion is known as momentum and is defined as
| the product of mass and its velocity.

h’ Units bf momentum

ﬁll As momentum is defined as the product of mass and velocity
| Soltsunitsin S] System can be determined as follows

Momentum = mass X velocity

= Kilogram x metre / second

Second
Mﬂmenmm = Kﬂogram X _H_li?_c- -—-———-!3-—
Second Second
metre
= Kilo X X Second
g x 2) s
etre
Stnce gram - = ] newton
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" Thercfore Momentum = ncwton — second o,

Thus the S.I unit of momentum is N-S.

(c)

Fig 3.9 Bodles A and B (a) before colliston (b) when colliding with each
other and (c) after collision.

3.11 LAW OF CONSERVATION OF MOMENTUM

Suppose we have a system that is isolated; such that the
constituents of the system interact with one an other and no exter
nal agency exerts a force on any of them. Truly isolated objects art
not possible in the physical world, but a group of objects whost
mutual interaction is much greater than their interaction with othef
objects can frequently be treated as if they are isolated. Fof
example: the molecules of gas enclosed in a glass vessel at constant
temperature is an isolated system of interacting bodies.

Let the system consists of two objects A and B of mass€s o
and m, moving with velosities U, and U, respectively, befo
collision and V, and V, be the velocities of the objects after collist?”
along the same line and direction.

Thus the total momentum of the system before collisio?

W ,W.:YUULUUH.UUHI."UIIVI.LJLJHI DTruUl UHTJL-

e

TS
dn)"
»

or

78
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4 average force acting on th b
g e body B is also eq%me

hange of its momentum during the time interval |
. %@u itis

m,V, - m,U, 2 Qz\
t ;
Similarly the average force acting upon the body A is

4 :"-?.'- '

I8

g i

oy

1 LI
e o

o - m - mU

' g3 171

-]
¥

As the forces are oppositely directed therefore

m,V, - m)U, ~ m,V, - mU,

(mz‘{é}i m,U,) -(m\V, -mU)

': 1.-;; (ﬁz -m,U, iV, s sl

@ -m,Ul + m,‘,U3 = lel +m, V’2 3.20

h
8 L

is known as law of conservation of momentum which

”
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=

jes of an isolated system are unable
the system, that is, the momentum
This is known as the law of conserva
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ston are the same. Thus the mutual action and reaction of the),

I mUrarnes

to change the Momenty,,
of the system is con& of
tion of momentum wmc]:'veq

' fani
be stated as follows, "The total momentum O arrl t}s.:olagtm sﬁtemof
bodies is constant i.e. the total momentum of the system befor

and after the collision remains same"”

3.12 ELASTIC COLLISION IN ONE DIMENSION

Collisions arc usually classified according to whether of Ry
kinetic encrgy is conserved fu the collislon. :

An elastic collision is that in which the momentum of t,
svstem as well as the kinetic energy of the system before and aft
the collision is conserved i.e remains same.

In inelastic collision the momentum of the system before ang
after the collision changes is conserved but the kinetic energy be

’ fore and after the collision changes.

When two smooth non-rotating spheres moving initialy
along the line joining their centres they, after having a head-on col:
lision, move along the same straight line without rotation. Due o
spherical shape, the two bodies exert forces of action and reaction
during colliston along the initial line of motion, so their final mo
tion is aloﬁg the same straight line

Consider two non-rotating spheres of masses m,, and ™ |

moving initially along the line joining their centres with velocities
U,and U, as shown in fig.3.10. U, is greater than U, so they Comd;
with one another and after having an elastic collision start movi®
with velocities V, and V, respectively in the same lin¢ and &
tion. .

- Now momentum of the system before collision =m U, * m’U’

Momentum of the system after collision = m,V, + m,V2 |

80

.“'. =
PyE
i I_'I d h‘ . i
¢.+ .y’ L h 1
l'-‘.“.:\ 1. .
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1o (2]

 the law of conservation of momentum we haVQ\

ml.Ul + mzuz =
__mlU.I - ml\.’l

m,(U, -V

N A ‘
e system before collision = —2—-11_1__1!;1" + -7}- m, U f

e system after collisi = — 2 = £
sys on (s 5 mV:° + m,V,
'the collision is elastic, so Kinetic energy of the system is
ved and from the above equations we have
1

s PR BN
2 MYV, + 5 mV,

2 2
m,V, m,U,
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wwwwwﬂqg %MUE{Q}L;S(ﬁgf RN CATDTIU T U HEUU"‘]F
- i =, ! i v m . 3.2 ) :
e - U sV, - U, |
' Tl Put this value of V, In eq. (3.21) we get

m,-v) = m,[U,+V,-U)- U]
or mU-mV, = m,U, + m,V, - m,U, - m,U,
or mU-—mU, + 2m,U, =m\V, + m,V,

or im”. m)V, = (m, - m,)U, + 2m,U,

m,~ m, 2m,
or V, = (m)ul+ ( m, + m, )U2 3.2
Similarly we have from eq. 3.23
V, = V,+U, - U,
Putting this value in eq.3.21 we get
2m - m, - m
1 2 1
v, = (ml+ = W, + ( S mlz)u2 3.25

Thus we get the values of two unknown l.e. V,and V.,

There are some cases of spectal Interest.

Casc [i- If the masses of two bodies are equal, that is m =m,=0
then equations (3.24) and (3.25) reduce to give vV, =U, and V,= U,
thus the two bodies Interchange velocities after collision as sho#®

in fig 3.ll.U Before collision U After collision V.4 U,
1 2 _—-—‘"’
Q = m ek - 0
- B
Fig. 3.11 Elastic coll -
| tio badies of equal massen,
N | ' -
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~ _Case Il: When the body B is inittally at rest §. e U .= 0 then
a0 ' ns 3.24 and 3.25 give. 8
m, - m,
vy - ('mi-o- m’)ul

aﬂdvzg m+m)U

8 muumz.eml:m.thcnthcﬂrstbodyaﬁu'coulslonwiﬂhwp
and B will start moving with the velocity that A originally had as
shown in Fig 312,

; | G Before collision Aftereollision
v: - Ul
“

Fy. 3.12 Rlastic X
e ammbem:eenm:obodiesqfeqmqumwhata\eof

Case [I:- When a light body comdcs with a massive body at rest,
thenU oandm<< m, ; under these condmonsm is s0 small
as compared to pi, that it can be neglected in eq. (3 24) and eq.

(3.25) and thus we have V = - U and V = 0. Then body B will

femaln stationary whil
aSShown m ﬂga:;yls e body A will bounce back with the velocity

Edort collision After collision
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sa [V:- When a very massive body collides with a light Station.

 ary body. then m>> m, and U,= 0. Now m, can be neglected 4

compared to m, In eq. (3.24) and (3.25). This gives v, = U, ang
v, =2u,. Thus after the collision, there is practically no change b
tl;e velocity of the massive body but the lighter one bounces off 1

the forward direction with approximately twice the velocity of th,
incident body as shown in fig. 3.14 ,

. After colli S
Before collision vV, = U, slon
U2 =0

P s S vg = 2Ul

U,

ﬂ

14 Elastic collision between a massive body and a light body when

Fyg. 3.
the latter is inttially at rest.

'3.13 FRICTION

The surface of a,solid is never perfectly smooth, consequent-
ly whenever one body slides over another, there {s a sort of resis-
tance to its motion. Hence if two bodies be in contact with each
other and if we try to drag one of themn over the other, a force is set
up at the surface of contact, tending to resist the motion. This is
called the force of friction between the surfaces in contact.

The friction is due to the roughness of the material surfaces
in contact. So if the surface be perfectly smooth there is no force of
friction to oppose the motion. The force of friction always acts par*
allel to the surfaces in contact and opposite to the direction of mo"
tion. Friction is a spectal property of solids. When a liquid or gasé”

ous mass flows, there is something like frictional resistant®

between its various layers. This peculiar type of friction within a

fluld medium Is called its viscosity.,

B
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1

Let a-rectangular solid body G as shown i f¢. 3.15 remains
at rest on a horizontal surface. The forces acting on G |
| wg mg acting vertically downwards. e
R
*
i
f d—'_' G h—-_‘,' F I'I
n. - |
) | b me
~ | Fg; 3.15
Y e
() The reaction R of the surface acting vertically upwards. In the
state of rest the upward reaction R balances the welght mg and
ten non-friction is brought into play.
If now a small force F be applied to "G parallel to the sur-
face, a resistance say f is offered to the motion. If this body {s still
at rest, it is in equilibrium und
s nder the action of the forces R, mg, {
pent-
esls | As R is equal and opposite to mg, the force "f* in this case
eath | must be equal and opposite to F.
jssth ; '
i b As F s Increased, f also Increases. It is found that so long as
. 0€s not exceed a certain limit, there Is no motion, f being thus
always equal to F.
temal':.‘he resistance “"f* which is thus brought into play by the &-
o 01'-0: "F" in a direction opposite to that of the latter is a self
i theung Orce and so long as the body is at rest, the force is equal
" tﬁ:umng force. The force £ is called the frictional Torce between,
€ twn -_bOdleag In contact,

R e ﬂ_m‘“&h friction is a self adjusting force, it does not however
| lndeﬁmmy with the external force.
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of friction reaches a maximum or ltmiting value Which depengy o
the nature of the surfaces tn contact and the magnitude of the p,,

mal reaction between them.
mcmunwmme wmtdﬂud—mgmd !.he mou%
w is called limiting friction between the two surfaces Unde;

the given normal force. If the external force be increased furthe,
thecqmnbﬂumwﬂlbclostandthcbodybcgmwmovc.

The friction is said to be sliding or rolling according as one bogy
slides or rolls over the other.

Sliding friction is slightly less than the tmiting friction, If

when the equilibrium is limiting, the normal reaction and the frie.
uanalforccbemmpmmdzdlntoamultnntsmgcioree.thcm
which this resultant makes with the normal to the surface is called

the angle of friction and the alngle foree called the resultant reac
tion.

Friction plays a vital role in our daily life. Without friction we

cannot walk, fix nails etc. Belts cling to the pulleys, drive the
machinery because of friction.

Friction has both advantages as well as disadvantages. Some
times we have to increase the friction e.g. sand is thrown on the
uphill railway lines after rains. Stmilarly when the brakes of 8
moving car are applied, its brake shoes come in contact with the

moving wheels causing an increase in friction and thus rcsultingm
the stoppage of the car

' B
_ Fig. 3.16 shows the cross section of the collar beariné !t
which the axle S of the revolving part s loosely fitted in the gocke

cated, ‘
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g of furniture are provided with wheels at the p, friction, heayy
S , in different vertical plane, ack. which can
. In bicycles etc. the sliding friction (g replaced by
L b T | : : mn‘ng
ton with ball bearing arrangement in which a number of hary e
thg, ™ palls are placed loosely in a metal case round the axle I-‘lg;t?;

ghows a ball be : ng arrangement {n which the axle § IS very free
wmm- ;

; / /4////15/,(, F
- / Y ’},,,

&,

o B o
ngls !; Fig. 3.16 Fig. 3.17
2 i "~ Whenone body is at rest in contact with anbt.hcr. the friction

between them is said to be static. When it {s just on the point of
sliding over the other, the friction is sald to be Umiting, and when
n we one body is actually sliding over the other, the friction is termed

~ the kinetic or dynamic.
3.14 COEFFICIENT OF FRICTION :-

me | The ratio of Ilmiting [riction to the normal reaction acting be-
the tween two surfaces in contact is ‘called the coeficient of friction
f a and Is' usually denoted by .

o _Thus If F be the limiting friction and R the normal reaction,
gv | then

F
b L ooror 3.26

FLUD FRICTION

So f&rw:e were dealing with friction between two solids, we

87
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e mmnm through fluids 1.e. liquids or gases. expere,, |
s e aircrafts and other vehicles,

 This is used in designing ships.
/ - der to achleve a design in whic
B’ 4t are reduced to a minimum. calculations are made and sma)). scale
i models are consu-uctcd which are tested lﬂ water tanks and W

tunnels. ! F U

Fg. 3.18 5

Stokes studied the effect of viscous drag on small spheres

falling through a liquid. He found that unlike bodies falling in vac-

uum which move with the acceleration due to gravity these spheres
were found to be moving with constant velocity. '

He observed that these spheres experience an upward re-
tarding force F which is given by

F=6xnr

wl'}gre" n " is the coefficient of viscosity
£ N "0"is thew:locltyofthc Sphere
fh e "r " is the radlus of the sphere.

il ées-sdes this there are two j i
- and they are: er forces acting on

as fluid friction or viscous deas ol
Ing,

h the energy-wasting ellfects of the d';g I.
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e @) The upthrust "u~
ward direction,

of the liqxiid Which acte in the u
® up-

The net effect of these forces {s a rcstutant-fom

e
e (W-U) which acts in the downward direction, At co
peratue (W-U) is constant while the viscous drag F in

yelocity-
Thus if @ small metal sphere 1s allowed to fall through a lig-
uld, it is first accelerated so that the value of F increases and be. .
comes equal to (W-U), at this stage the net upward and dowmward
~forces are equal and the sphere: start moving vith a uniform ve-

locity known as terminal velocity in accordance with Newton's First
Jaw of Motion.

of magn.
nstant tem.

Cttascswuh

3.15 THE INCLINED PLANE,

N1 |
. Spheres . A heavy load may be ratsed more eastly by pulling it along an
ing {n vac. inclined surface than by lifting it vertically,

se spheres
' | When we place a block of wood on a smooth horizontal table
as shown in Fig 3.19, it remains at rest until it Is pushed or pulled.

pward re- | Its state of rest implies that no unbalanced force is acting on it.
T R

' 4

Fig. 3 198
" Y -4 [
up nce th

e block ts
rd push of the tat i (Rc: l;;st. the we;ght must be ba‘!anced_by the

S Oy .-;u;,e_t::c Block be placed on an inclined plane making an angle
s | e .- -aﬂzontAlas shown in ﬂg.3.20.[a).

89
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gl = s oo o oo s =S = % 3 |

There is also the force of}ﬁ:{cﬂon which opposes 1tssllppmg ;
s_-rgpfresente.d by "’Ij. If the block moves (which will be |
n frictional fqgéé’is very small), it will moves down the |

us take x-axis parallel to the inclined plane and Yam |
lar to it: Now resolve the forces along these axes. Tht "
' W perpendicular to the plane is W cos® and that |

i
| &
I
|
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“f -Wsing = o
< f = Wsing

s R - WCOSB = 0 ?'.
<o R = Wcos8 \2\*‘\

| ~ If, however, the block does slide down with ar(\,a%welcratton a,

will be a resultant force whose magmtugz s given by the
c of the mass of the block and the accclcpatmn with which it

In this case
_ Wsin® - f =ma \
W = mg we can write the above equation as
mg sind -f = : = ma
m if the force of friction is negligible, it becomes
mggfme = ma
or a = g sin®

ssion is independent of the mass of the block.

en § = 0, Sind = 0 and the acceleration becomes zero.
tha the hlock or any other body will have zero aeeﬂm al
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oa;iy unbalanced force acting
*is W Stnd acting alox;g\the X-axis or parallel to the

uces an accelerauo@{a)and{m]be the mass of truck,
's 2nd law of mcﬁj}m.

<
§
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(Ans. 0.2 metres, 399 x 10°'m/s*

s wal \ét a traffic signal and when it turns green,
ahead with a constant acceleration of 2 mis S

es and passes the car.
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A boy throws a ball upward from the top of a cliff with | B
speed of 14.7 m/s. On the way down It just misgeg th:- | T
thrower and fall the ground 49 metres below. Find (3 H
long the ball rises? (1) How high it goes? (i11) How long y o
in air and (iv) with what velocity it strikes the grounq. Tv
(Ans. (1) 1.5seconds  (i1) 11.025m 10- tw
(i) 5 seconds (iv) 34.3 m/s) =
. : ta
5. A helicopter weighs 3920 newtons. Calculate the force on it ce
if it is ascending up at a rate of 2m/s*. What will be force e s
helicopter if it is moving up with the constant speed of 4myg. Kg
(Ans: (1) 4720N (i1) 3920y
—6.  Abullet having a mass of 0.005 kg Is moving with a speed of 11. A
100 m/s. It penetrates Into a bag of sand and {s brought to 1(
rest after moving 25¢m into the bag. Find the deceleraling
force on the bullet. Also calculate the time in which it s
brought to rest. 12. A
{Ans. () 100N (ii).005 seconds.) ec
bl
7. A car weighing 9800 N is moving with a speed of 40 km/h. w]
On the application of the brakes it comes to rest after travel-
ling a distance of 50 mietres. Calculate the average retarding
force. 13. A
{Ans. 1234.57 NI E;
Fi
8. 2!1 e_llf:f:@wn In a vacuum tube starting from rest is uniformly
Bc;&fgftt:d by an electric fleld so that it has a speed of :
oran ac‘;fg ftetrhcm;er Ing a distance of 1.8 cm. Find the % A
% n the .
0.1 x 109 electron. Take the mass of electron as he
dxras e ' (Ans. 9.1 x 10"°N) i %
.9, Two bod
bodies A and B are attached to the ends of a striné

T

which pass
i e €S over a pulley, so that the two bodies hang Ve

__.J'

94
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| m 'ﬁf a stnng which passes over a | “

ki

wm and the other body hangs verucally* Find Mm

(Ans. 3m/2<:§%'sn 99.96 N).

tﬁ 100 grams bullet is fired from a 19:1;5 gun with a speed of
1000 m/s What {s the speed of reéoﬂ of the gun.

(Ans. 10 m/s).

12. A 50 grams bullet is fired into a 10 kg block that is suspend-
] “ed by a long cord so that it can swing as a pendulum. If the
~ block is displaced so'that its centre of gravity rises by 10cm,
3 Mtat was the speed of the bullet?

(<\/
1achine gun fires 10 bullets per second into a target.
h bullet weighs 20 gm and had a speed of 1500 m/s.

e force necessary to hold the gun in position.
(Ans. m

(Ans.281.4 m/s).

is going up a slope of 30° with a spmdnf &Sm:
Manmg how much distance will he m
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17.

18.
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~ 15. The engine of a motor car moving up 45° slope with 5
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move before coming to rest? (Assume the friction to
gible.

be mﬂ‘l"
(Ans, 22.1(;“‘];
In problem 15, find the distance that the car moves, if ,

welghs 19.600N and the frictional force 1s 2000N,
(Ans: 19'311’1]

In the Fygure 3.22 find the acceleration of the masseg and.

the tension in the string. .
(Ans: 0.98 m/s?, 882y

Two blocks are connected as shown in fig.3.23. If the pulley
and the planes on which the blocks are resting are friction.
less. find the acceleration of the blocks and the tension in

the string.
(Ans: 0.437 m/s®, 223.11N)

Two bLlocks each weighing 196N rest on planes as shown In
fig. 3.24. If the planes and pulleys are frictionless, find the
acceleration and tension in the cord.

(Ans: 2.45 m/s>, 49N

Fig. 3.24 R
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Motion in
Two Dimension

. Qu antitative discussions of motion are based 6n the meg

srements and calculations of positions, displacements, velocit'ie:
and accelerations. For this, we developed the €quations of mouor;
for motion with constant acceleration. The discussions were con-

fined to one dimensional motion that is, motion along a Stratgns
line whether the line was vertical or horizontal.

If the universe were one dimensiona;. physics would be
much simpler. But that would hardly compensate for the loss of
richness of phenomena which make the physical world so beautiful
and fascinating. Majority of the most important phenomena of
physics simply could not take placein an one dimensional world.
Thus to study various physical phenomena around us, we certainly
would take to describe motion in two dimensions and ultimately in
three dimensions as well. The projectile motion and circular mo-
tion are good examples of motion in two d imensions which we shall
discuss here in this chapter.

%1 PROJECTILE MOTION

2 Lét HS\begin our study of physics in two dimensions by con-
€ring the motion of Projectile. Any object that is given any ini-

tial vel
&ocity and which subsequently follows a path determined by

: u;‘:a:t:i}:nal force acting on it and by the frictional resistance
Phere is called a projectile. Kicked or thrown balls,
f’“maiun animals, o‘bject thrown from a window, a missile shot
+ @ bomb releaséd from a bomber plane,etc., are all ex-

of

Ampleg o 3
tryy Projectiles. The path followed by a projectile is called its

97
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% The projectile motlon is surprisingly simple to analy,, "tﬁ
. following three assumptions arc made:
The acceleration due to gravity. €. I1s constant over g,

&

1.
range of motion and 13 directed downward.
2. The effect of air resistance is negligible. |
| 3. The rotation 6:‘ earth does not affect the motion.

This projectile motion can be analyzed by considering moy,,
in a plane. Usually it will be vertical plane. In that case we gy,
use x for the horizontal coordinate and y for the vertical coorg;.
nate. It is necessary first to choose an origin. positive direction ang
distance scales for the coordinate axes. It is convenlent to measuyre
both the horizontal coordinate x and the vertical coordinate y of
the object from its starting point. Also, we choose the positive d.
rection of x-axis toward the right and the positive of the y-axis up-
ward. As the object always moves downward, this choice means
that the value of y will always be negative. That is, the acceleration
in the y direction is -g. just as in free falls and the acceleration inx
direction is zero (because air friction is neglected). In addition to
this, we separate the motion in two parts, the horizontal motion
along x-axis, and the vertical motion along y-axis. We are able to
do this because these motions are found to be independent of one
another. That is the vertical motion (motion in the y-direction) does
not affect the horizontal motion (motion in the x-direction), and
vice versa. Consequently, the x and y components of the displace:
ment and velocity of an object can be calculated exactly as before i
the acceleration, the initial position and velocity are known.

'b Suppose (1) we drop a ball from a tower, we know ﬂ;at the
all will undergo accelerated motion straight downward (i) whi¢

we dr » b; . ’
rop the ball, we also give it some initial velocity ( say Yax )

theé horizo
. h ntal direction, obviously the motion will no longef

gh QOanard but will be at some angle to the vertical. %
E -
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Fig: 4.11f an object ts dropped and simultaneously givenan initial hortzontal
velocity Uoz , this horizontal velocity component remains constant while the
increases unearty with the time, Thus the motion _follows

vertical component
a curved (actually, parabolic) path.
. =
Let ¥, represents the instantaneous velocity vector of the
projectile (in this case the ball) which can be resolved into vertical
component, ¥y , and a horizontal component, 9y, as shown in
Fig.4.1. Therefore, the y- component of velocity, Oy, is given by

Oy = -gt 4.1 (a)

i since there s no horizontal component of the acceleration,
the x-component of velocity, Ox. is simply given by its initial veloci-

@C‘ Vox 4.1 (b)

4. The Eq 4.1 (a) and Eq 4.1(b) are summarized by the impor-
' m statement that the instantaneous velocity vector, oo . con-
oy oﬂm components which act independently. Only the vertical
Of motion undergoes acceleration (acceleration due to
'+ Whereas the horizontal component of motion proceeds. atl .,
nt inita veloeity (6 = 000, this means that velocly

% .
- P

- v

O - L ]

o - . A~

LA SLEL
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nent increases linearly with time. Thus the motion °fﬁpm.
jectﬂe follows a curved path.

Fig. 4.2 is & stroboscopic photograph of two balls that are 5
lowed to drop simultaneously, one of them with horizontal velocity
component. The picture shows that the vertical motions in both
the cases are Indeed identical. However, the path followed by ¢y,
projected ball (f.e the ball with initial horizontal velocity, 8,) g &
parabola as shown in Fig. 4.2.

addition to the initial velocity, 8o . in horizontal directign.
if we also allow the vertical motion to have an initial velocity, 8, ,
then the equations which govern this motion are:

Fig. 4.2 The two balls released
stumulianeously: the one the left
was merely dropped while the
other was given an {initial horl-
zontal veloclty. The vertical com-
ponents of the motion of both
bulls are exactly the same. The
stroboscopic photograph was
taken with a flash interval of
1/30s.

Horizonts! motion ( x - direction )

: Aceelem% - a, = o 4.2 (a)
VdOdty‘ \ 0 = Oox 4.2 )
Displacement X = Oyt 4.2 ()
Vertical motion (y - direction )

Acceleration By = -g 4.3(a)
Velocity ﬂy = ﬂq- gt 430

;.:. L Y = ﬁqt - -il.. 4.3 ()

:: : 100 y
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mssary that a projectile be thrown with some ﬁﬁ»- : i : |
in the horizontal direction. A football kicked off by a. Ve |
ile shot from a gun, a player making a long jump, ete
es of projectile motion. In all these cases the be les
at some angle with the horizontal, As a gen
otlon, we therefore consider the motion oi‘s\cll shot
angle 6 with the horizontal as shown ln m‘ﬁ ‘3.

Maximum height h
at time T

Range R = distance
at time 2T

R=— >
] mofapm,yeetdeﬂredwuhanmml velocity V, atanangle &

""_'veloclty 5; of the shell can be resolved into two
components dox and Yoy along horizontal axis and ver-
' ctively. as shown In Fig. 4.3. The magnitudes of

44(a)
4.4(&

for 9oy and S0y In Eq 4.2 (b) and Eq a3mre _
wmponems at any Instant are glmn by '
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_ : _ | subsu
~ R Doy 2 45(5) - A
| Oy = Y sin® - gt 45 '
These are extremely important equations and can be ygqq i ga- FAIG
evaluate the maximum height,.h . to which the projectile wyy Hse . o in
and the overall range, R. of the projectile (shell in this case) along ; 3 ﬂﬁr‘ﬁl
the horizontal surface. “ e P
4.2 MAXIMUM HEIGHT OF THE PROJECTILE : poif"' c:;
: ¢
The maximum height of the projectile occurs when the very. | e prol®
cal component of the velocity given by Eq.4.5(clreduces to zery {s! ord
That is act that th'
and the value Y then gives the maximum height, \| X =
h. (Y=h) as shown in Fig. 4.3 |
suppose t'= T be the time when the vertical component of ve- |
locity reduces to zero as mentioned earlier:
substituting ¥y, = 0 and t =T in Eq. 4.5 (b). we get
0
). 4.6
& subs
where T is half of the total time elapsed between launching
and landing of the projectile. Substituting Y = h and t = T in Eq.
~ 4.3(c), we get
= : 1 2
‘ substituting for T from Eq. 4.6, we find :
X 5 : .
h =9.. oy ¥ oy \2
O)-(g ) 2g(g ) ' FrO,
I 2
_: ‘3; & (ﬁoy) ) 1 ( ﬂoy )2
g 2 Ty
5. 58] 2
4 2g Woyl

102
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the -pzojecmc retutns (X = R- Y= 0) is @H&l mmﬂzﬁf
nd 1s represented by R, as shown in Flg.4.3, 0‘”\

der to ﬂnd the range of the projectile we make @?}.{ the
1e total flight requires a time that is twice ime nec-

each the maximum height. Therefore we set
h %

= O, t

e T

T 1& 4.9
f_'w,{@for 0,, and Oyy from Eq. 4.5 (a). 4.5 (), we find
g?. .

R = -_g_ sin® cosb ‘4_--._:’16
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R s the range of the projectile depends on the
r ; Wibﬁlw and sine of twice the projection ang!ee

RANGE

The maximum range., Rmax when the fact, . "
Eq.4.11 is maximum that s, sin2 0 =1 _:_

400 500 600 700 80O 500 1000 1300 1400 1500 1
r, (in m)

Fig. 4.4 | ‘
" and this happens when 0 = 45° therefore the Eq.4.11 reduces to |

2

R,nax=3‘l°at0=45° :
g 412 of the
Hence the projectile must be launched at an angle of 4° Ly
with the horizontal to attain maximum range. For all other anges
greater or smaller than 45° the range will be less than Rmax®
shown in Fig.4.4.
QY
4.5 PROJECTILE TRAJECTORY | 1
The path followed by a projectile is referred as its trajecto | )
We now attempt to develop an equation which should e |' -
the trajectory of the projectile, w ton y
The vertical displacement Y in the projectile motie CE 3 QQ

104
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II!I

?\'. mso from Eq. 4‘211:) and 4.4 (a)

0, Cos8
substituting for t in Eq 4.13,
we get

Y = ﬁsxne( )...

s I
X tanf - (?g) ;fi;fgx:

i For a given valuye of, projection angle 8 and the initial velocily
the projcctuc. the quantities 0, 8In8, cos® and g are constant

and therefore Q;:ea can lump them lnto another constant such that

@Ktane
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% oints are Joined together, a trajectory of a projectile 1y formeq.
' Fig.4.4 shows such trajectories that correspond to several ango, o

2100 30°, 45°, 60° 80° of elevation, having same Initia] Velocty f two
- 0, (0, = 100ms ). Note that tie maximum range 1s attained %. : 4.6
_ 45°. The Fig 4.4 also shows a trajectory for a projectile whogs i
tial velocity uolsﬁ times greater than its E)rcvious value (e /3 o
100 ms ') with the elevation angle 8 = 45°, the range Is twice , A

maximum attained by the slower projectile.

This result is in reasonable agreement with our experience | (1)
throwing balls, in spite of the fact that we Ignore air resistance,

The symmetry observed in Fig 4.4 for elevation angles sym. pe dir
metric about 45° 1s due to the fact that mine
ectile
sin [ 2 (45°- %) ] = Sin(2 (45° + =) |. Jumal
The range will be the same for any two elevation angles Sased
8 = 45° + o« which are equal amounts greater than or less than ball. 1
45°, as shown in Fig.4.4 for elevation angle 30° and 60° the small o
angle, of each pair produces a flat trajectory, and the lacge angle RC
produces a high trajectory. (
| 2)
The speed 8 of the projectile at any {nstant can be calculat
ed from the components of the velocity at that Instant {
: 4.19 be use
AR hZ;SQ
. or
Before we solve some numerical problems on projectile B0 | A
tion, we would like to summarize what we have learned so far. | himsgy
S of gle
(1) If alr reststance is negligible, the horizontal component g
w.lodty d.. remains constant since there IS no horizontal cOmP* . Of iy
. ty. 0. _ gy
nent of acceleration (a, = o). " ts
| : leration ts equal to the (3
(2) The vertical component of acce - :
celeration due to gravity. gla, = -B). . W),
the dlspw ! e a

~ (3) the vertical component of velocity, 0. pody: Sy,
tn y-dt Y. are identical to those of a frecly fallind 7 hjgh X

-
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' (4) Projectile motion can be treated a :
| ; a8 a sy g SRS
two motions acting In the x and y directions, VR, of the
4.6 APPLICATIONS
Many applications of projectile motion oceur

in animals motion. Here we briefly explore some

In athletics and
further aspect of

(1) Projectile in Athletics

The varifous formulas devclopéd for the projectile nmﬁoﬁ can
be directly used to analyze a tennis serve. While a player cén deter-
mine his or her own best serving angle by trial and error, the pro-
jectile motion formulas can be used to predict this angle given the
initial speed. The advice given in text book on tennis is sometimes
based on this type of analysis. Many athletic games such as base-
ball, football, hockey, cricket, etc involving projectile motion that
thrown, kicked, or struck can be discussed using projectile motion
formulas.

(2) Horizontal jumping

Constant acceleration formulas developed in chapter 3 can
be used to analyze vertical motion by animals. Similarly, to discuss
horizontal motion we can use the projectile motion formula. For ex-
ample, we can calculate the angle at which the jumper projects
himself. The value so calculated is in close agreement with the an-
gle seen in photographs of competitive long jumper. Using the val-
ue of initial velocity of jumper and the angle at which the Jumpet
Projects himself, we can evaluate the range.

), We
| | ication of projectile matior:
(3) Yet in an another applica and the large

know that ¢t duces flat trajectory. .
1at the small angle pro ¢ the high tm-

mgl’ a high trajectory. Air reélstanc-e tends to afz:‘;i ot, aball with |
J€etory more because it is longer. In volley baul:g Zme'd‘ fught s ”.ﬂ i |
Bl = 107 0 -'_'{: ¥
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n fig 4.5 the initial velocity has components.

6
Yy 1
A <§” |
\"4

¥ 27.8r
: A & Exan
I groun
X | ball ¢
, @5 f&t) (0.866) = 21.7ms " ,, .
:’_ ;%ﬁ ms") (0.500) = 12.5 ms”’ ' '- then d
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> |
, <

1.28s are given by £q.4.2(c) and EqQ.4.3(c) respecy; ;
X = "m t X
X = (21.7ms")(1.285) = 27.8'm
X = 278m

1

| 1 \
(12.5ms™) (1.28 5) - ) (9.8ms™®) (1.28 s)®

X = 7.97m

Thus the ball is 7.97m above a point on the ground which is
27.8m away from where it was kicked.

h! Example 4.2

A tennis ball is served horizontally from 2.4m above the
ground at 30 ms". (a) The net {s 12m away and 0.9 m high. ‘Will be
ball clear the net? (b) Where'will the ball land?

Solution

To find the height of the ball at the nét, we must first find
out the time required by ball to reach the net. From this we can

then determine the height.

Selving Eq. 4.2 (c) for t

C ELOEEEREER L EREE
B 30 ms
t = 04s

Substituting t = 0.4s and By = O the vertical displacement IS
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o,d;ﬁ (30ms") (0.7s) = 21.0m

&%1 .0m
o‘??
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A rifle bullet fired with the same initial conditions would not
travel nearly this far. Because a rifle bullet has-a much larger sur-
face to mass ratio than does an artillery shell, air resistance effect
is much more severe and drast;cally reduces the range.

Example 4.4
A player throws a ball at an initial velocity of 36ms’. (a) Cal-
culate the maximum distance the ball can reach, assuming the
ball is caught at the same height at which it was released. (b) If he
‘wishes to throw the ball half the maximum distance in the shortest
- possible time, cog;ipute the angle of elevation in this case. (c) What
: are the elaps@ times in the two cases?

5@&0:&

'ihg maximum range occurs for an elevation angle of 45° and

2 q-.,g_the maximum range can be calculated using Eq. 4 12 Thus '

- @6msf /(@8msY = 192m
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ms')? = 0

(c) The time elapsed in the above two cases,__casn’be calculated
1sing Eq.4.6, and doubling the result, since the T represents | path

20, (20, sin 45°

—
=

g€ g
= "IQ(BSms'I) (sin 45°) / (9.8ms?)
’h 52s
Q> -
20, 29,sinl5°
Rta ¢ g

=  2(36ms") (Sin 159 / (9.8ms’)
= 190s

elap ﬁme in case (b) Is less than half 18
ecw %
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OR of earth arcuaanrs -

~ amples of circular motion, O
tion Is that each point in s

out an axjs, etc.... are @,

ne important consjc Hon il

motion. e Q@dﬂ-golng clr

ribe the uniform circ-uldr. mo~

tion we would like to define the following :

(1) Angular displacement

(2) Angular velocity /angular frequency
(8) Period of circular motion.
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4 iﬁ»éﬁ;ﬂ% lnﬁg 4.7. Consider further that the objec: Initialyy |, b
3 ‘the point P, on the circumference of the circle. After a sma) l:t:t :
' val of time, it moves to the position F,. Evidently angle ROB, or
represents the angular displacement of the object. The angyj,, dis.
placement is measured in degrees. However, it 1s more convengey,
to measure angles in another unit called the radian.

The length,s, of an arc on a circle Fig. 4.7 is directly Propor.
tional to the radius,r, of the circle and to the angle 8 subtendeq by
the ends of the arc. One radian is defined to be the angle subtend.
ed where the arc length s, is exactly equal to the radius of the ¢y
cle. Thus straightaway we can write

!
:
,5

! dians
since
?; an ab
| gles a
| pear |
circle
Fig: 4.7 The position of an object moving (n ctrcular path
0 = S 4.20
r -
el 4.9
where 0 1s measured in radians. A
Also | ‘
S =710 | r
i Ume ,
When-0 is measured in radians, we can easly calculate . Fespee
length of an arc which subtends this angle at the centre of th;:; s |
cle. For one complete revolution, 8 =360°% then the arc len 1
becomes the circumference of the circle, that is, T
f ” 2 4.22 .
| S = 2rr | | (Qr W
Comparing Eq. 4.21 and Eq. 4.22, we write, e cek |

114
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3
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2r
1°= " 0.01745 rad
mm that the measure of an angle whe

thggn degrees or ra-
._ does not have physical dimensions of length, mass, or time
mit-is the ratio of two lengths. Although#ze carry the unit radi-

~ an abbreviated rad through our calculations to remind us that an-
r. gles are being measured in radians, however, this unit does not ap-
| W in the final answer. For example, the length of are s on a

3 m of radius 0.15 m which is'subtended by angle 0.5 rad.. then
.~ S=19 = (0.15m) (0)5rad)=0.075m

y Thus the unlt rad. does not appear in the final answer

: ?u@a&ngulaw\bloclty
I

defi " the average angular SPM dm -
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The Eq 4.25 gives the magnitude of the average angular ve-

-y ¢

The instantaneous angular speed, ®, is defined as the limit
of this ratio as At approachg:s.zero:

b e lim A AB |
| iy m,— At—o0 At e
", ’mc Eq &g)gives the magnitude of instantaneous angular

e angle 0 is measured in radians. the unit of angular
radi-an per second (rad s )

Download Books Guides Notes & Tests at www talibilm com




www.talibilm.com
i._-

i ; it s' is :
therefore, it is equally appropriate (g iy the unjt of freq ‘
quency. 00" as angular Ire-

Direction

(b) (c)

Fig. 4.9 (a) i‘or counter clockwlse rotations @ is directed out of the page.
(b)  is directed into the page Jor clockwise,
(c) Curling the fingers of the right hand in the direction of rotatlion, the
thumb potnts perpendicular to the disk in the direction of o

same time. Thus the angular velocity is characteristic of the rotat-
Ing body as a whole. By definition the angular velocity depends
upon the rate of change of the angular displacement, therefore in
circular/rotational motion the angular displacement rather than
displacement, {s the basic quantity to be measured.

The angular velocity vector, © . is conventionally taken to be
of the page.

t’-ﬁret:t"!}l along the axis of rotation. It is directed out :
Paralle] otation {s counter clockwis¢
to the axis of rotation, if the ro g

2 shown in Fig-4.9(a). If the rotation s clockwise, as mdmcuon i
of assigning the o

9 1S directeqd |
into the page. One way | of right hand
t_h? ngular velocity vector, @ . s to curl the frget v

o
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l- ; amunﬂ the axis of rotation: In the direction of rotation, The

hand thumb then points in the direction of "@ as shown in Fyg Fighy

' 4.9m
4.10 ANGULAR ACCELERATION

When the angular velocity changes with respect tq time

angular acceleration is produced. That is, the rate of change of an
gular velocity with respect to time deflnes angular acceleration,

Let , and w, be the magnitudes of instantaneous anguisé
velocities at timé t, and t, respectively. We define the average in.
gular acceleration o  (the Greek letter alpha) as

&

0)2 - Cl)l A AW s
v = 6=t - At 27 (a)
Aw
U e 4.27 (o)

and the instantaneous angular acceleration as the limit of
this ratio as At—0

Iim AW 4.28

(64 = ———

ins At—0 At

The S.I units of angular acceleration is radian per second per

-2
second or rad. s .

The angular acceleration vector 3 points along Exc.a:ds of m:
tation and Is either parallel or opposite to the vector @ . For t‘ﬂf‘
ple. if we increase the rate of rotation of a disc (that. more revog
tions/rotation per second) then the angular accelcﬁﬂon vector, &
is directed parallel to the angular velocity vector, @ . &% i
4.10 (a). If we decrease the rotation rate (less number

vec
tions/rotation per.second) then the angular acceleration B
,ass

is directed opposite to the angular velocity vector, ©
Fig 4.10 (b). /

tor, &*

118
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=

between the linear veiocity and aceeleratio
the object, and the angular velogs
object. In. doing so once

n of an arbitrary point in
%y and acceleration of a rotating

. Consider a particle P in an object (in x-y plane) rotating
i 'ga Circular path of radius r about an axis through 0, perpen-
Seular to the plane of the figure (the z-axis) as shown in Fig 4.11.

SUppose the particle P rotates through an angle 46, In a time
ing Eq. 4.20, we find

- 48 .:.-.- &s - 4.29

4t Us

——

r

"hiehdemg both sides of Eq.4.29 by At- the time duration in
. mtatlon OCCIJI:red. we get

R 430 W8
rooat i

Download Books Guides Notes & Tests at www talibilm com




www.talibilm.com

about an.axis
i, o 5 s i o s
] -mtesmacbﬂeoerrmedmox )

4.30 (b)

1ti __--- gives the mstamaneous angular speed.w, as het’m
‘when ét is very sn:(al]fﬁt —0), As s very small, and the ratio
iastamafkég\ti’s linear speed, \3 'I'herefore the Eq. 4.30
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4.12 TANGENTIAL VELOCITY ; o
The distance 4s 1s traversed ... H

followed by the particle P as 1t rot:::g o1 85 of the

must be the linear velocity of the particle lying o1

Jocity that Is tangent to the circular path aag sh -

Due to this reason the linear velocity 1s often rt:fe,:: In Fig 4.10.

gential velocity of a particle moving along a Ckcumt::hENZ

www.talibilm.com
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ongmem- ave.

written as
— —
V‘ = W Xr ‘
4.33(a)

The tangential velocity 9, of a particle moving In a etreular
path is given by the product of the distance of the particle from the
axis of rotation and the angular velocity.
| The Eq 4.33 (a) gives an important result that every polnt on
b) the rotating object has same angular‘velocity whereas the linear
velocity/tangential velocity is not same for cvery point on the rotat-
ing object. The Eq.4.33(a) also shows that the tangential velocity of
a point on the rotating object increases as we move outward from
the centre of rotation i.e, as r increases. Eq.4.33(a) has been de-
rived using the equation which defines radian, hence the equation
is valid only when the angular speed, , of the rotating object s
measured in radfans per unit time. Other measures of the angular
speed, o, such as revolutions per second or degrees per second
cannot be used.

_\Suppose an object rotating about a fixed axis, changes its
angular velocity by Aw in a time At. Then the change in tangential
velocity, A9, at the end of this interval i -

: 4330
Aﬂl--: rAw
dividing both sides by At, we get
434
i& = rﬁ — (R
155 At At _ T

121
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Bq mﬁdmdlhedcﬁmumor e

atial al acceleration, we write
.ta : I
h tangential acceleration of a point on a rota,

«t of the distance of the point from the axis of &

d the r acceleration.
4. T1 . PERIOD

“’m time required for one complete rcvolmjon or cycle of the
ot s called time period. The period 1s dtholcd by T. W&ﬁ_'
) " cater the angular velocity, the -shorter the time m

ﬁ_" ‘ a revolution or vice versa.! “mus the angular speed,
-um period, T, are lnversely related. Therefore .

2n 23’1

» %xf f
E@ACCELERATION

in the velocity of the object. In otherwh
m of the velocity vector remain constant. Co
if there is any change in the velocity vector. sbll
e acceleration. The change in the velocity V¢
lﬂlh magnitude or change In its d
M is occurring for an omeek
nt speed. Thus, an oweet
A md is mmmw
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tre”. Thus, the acceleration produced by virtye of th
¢ changing .

rection of the velocity of an object
Jcc MOVING 1n a clrcular path 1
called centripetal acceleration, a.

Some times the centripetal acceleration, 2% 1s denoted bya,
4

mdlmﬁngthatuusaccclcéauonampapmdmnartothepath.vu

ghall now show that the magnitude, 8., of the centripetal accelera-
o2

tion. a , 18 i andltsdlrccﬂonlsalwayswwardmcomu'eofthe

drcle.

In order to calculate the magnitude, a_, of the centripetal ac-
celeration, 5;. we must first find the velocity difference, A0 for two
successive positions of an object moving along a circular path, say
attime t = t, and t = t,. Suppose the object takes a time At =¢, - t,
to go from position 1 to position 2, as shown in Fig 4.12 (a).

’l Let at time ¢, the velocity vector of the moving object be 3: At

6 | umet,themotionhaspmgxmcdbyananglcdeandthcvclocny
vector at position 2 is 0 as shown in Fig 4. 12(33 For uniform cir+

cular motion §= ¢, =11 but the velocity vectors 0 and ﬁ are difter-

ent. Thus
4.37

-4 e -8
Ad =0, - 9
is solely due to the different di-

-t
The vector difference, AD
re Is no

recuons of the velocity vectors at the two positions. If the

change ln the direction of the velocity vectors.then the vector dif:cr-
cnce, ﬂﬂ vanishes, The vector difference between two velocity

Wbskc&hedmvecmrdtagramasmﬂg‘”sz’ o,mthc

d
Note the angle A8 between the velocity vector o,ﬁ anand o,
same as A9 In Fg 4.12(a), since the velocity vector® 7

123
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. It follows from geometry that the tria ‘r il
md!al lines and as (Fig 4. -12(a) Jis s =

th_e vectors 9, ) '0 and A9 (Fig 4. 12 )‘ slnee
iangles, and the angles AO are thc same Hence..

Where As Is straight lj»ne distance between the positlm 1 and

Al

2 as Shm?ﬂ in Fig 4.12 (a). Dividing both sm;e!:- !
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X 4.41
Eq. 4.41gives the magnitude of the centripeta) acceleration

In Fig 4.12 (b) when At s very small (At —0), aAs and A8 are
—» “$ :
also very sma_l’l. In this situation, the ¥, will be parallel to 9, and
the vector A9 will be approximately perpendicular to them, point-
ing toward the centre of the circle. Since the direction of the accel-
—» =% b,

eration vector, ac, is same as the direction of A9, the vector »’52 al-
ways points toward the centre of the circle.

From Eq 4.32

9 = IO

Solving for ¥, the Eq 4.41 reduces to

‘l.wﬁljl ac % m}z
2% \* 7 2k
2
arx r
&, = “'";&"" 4.42

In order to understand the difference between the centripetal

acceleration, é_;. and the tangential acceleration, a,, we consider-

an object moving in a circular path. If the object is moving, it al-

ways has eentripetal component of acceleration, because the direc-
tion of travel of the object and hence the direction of its velocity is-
confiiiuously changing. If the speed of the object is mcrcasingl :;r
decreasing (the speed is not constant or motion is not unift(:mm.
also has a tangential component of acceleration. That is, the

" the ob-
gential component of acceleration arises when qle sp.ecc_lut::;l th e
 Ject 1 changed; the centripetal component of accelera arises

. both components
when the direction of motion is changed. \?\.!l'u’:n‘mbzal oo -
- Er_acceleraﬂon exist simultaneously, the tangen ‘ ax ——

B s
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- Component Is tangent to the circular path whereag 1,
acceleration always directed toward the centre of the ; %
gs shown In Fig 4.13 (a). The centripetal acceleration 5* e
tangential acceleration, 5; . are also represented by ?. Lt
Fespectively, since the former acts perpendicular to the ht; ot

ous velocity and the latter acts along the direction of th %
These two components of acceleration are Ptrpmdjmla: to eq c:

other, then total acceleration, a . by using vector

diagram
4.13 D), s given by fg
a = a.+a |
; 2+ 3 443

The magnitude, a, of the total acceleration, a', Is

ks a, + 3 444
"Ihedhrctlonofﬁ’wimrmpoctto-a: is |
given by
2 3
$ = tan'(—) 445
(ae

where 5; and a-:_. represent magnitude of the tangential and
the centripetal acceleration réspectively.

4

5 @ |4
‘ e
8¢
®)
Fig. 4.13 {a) - -

Alternatively, Fig 4.14 shows the three vector r;;n.mdﬂ"
representing position vector, velocity vector and centripe from ¢
ation vector respectively for the same instant, all d‘“‘rp" endicul®”

—p
centre of the circle. The velocity vector 9, {3 alway® PR
126
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ftion vector, r o for a
m the pos circular path,
etrical property of a circle as shown 1n ::"‘"': this i3 g ¢
mmgr the speed is conatant or not. In other vfo ";3 This la h'ue
ed that the velocity vector, d', leads the Position vect“ €an be stat-
or, ¥, by 9¢°,

- =

a, Fe

!

Fy: 4.14

. The direction of the ccnhipctal acceleration vector i1s perpcndlcular

to the velocity vector, 0 that is, the acceleration vector a, leads
the vejodty vectar, 9. by 90°. Thus the centripetal acceleration
vector, a,. leads the position vector, 1, by 180°, exactly in an oppo-
site direction .of the posmon vector as drawn In Fig 4.14. Because
the position vector, r. is directed away from the centre of the cir-
cular path, therefore, the centripetal acceleration vector, a_,is al-
ways directed toward the centre of the circulation path. The magni-
tude of these vectors are constant in time: but the vectors
themselves are certainly not, only their directions are constantly

changing _
4.15 CENTRIPETAL FORCE

C_onsﬂdcr a ball of mass ‘m’ tied to a string of length r is be-
ing whirled with a constant speed in a circular orbit as shown In
Hg 4.15. We know the velocity vector, 9, changes its direction

N g

0 H

Flg. 4.15 A ball of mass m
folating tn a ctreular orbit.

127

Download Books Guides Notes & Tests at www talibilm com



- www.talibilm.com
IWWEYDUIURE.COIMYCIIVIUUA T D T U TS

ntim pusly during the circular motion,
al acceleration which is directed

toward the centre of m&%’f .
According to first law of motion the inertia of ball tend 5
‘maintain motion in straight line path; however, the String doe:-m
allow this to happen by exerting a force on the ball such t}mnmt |
ball follow its circular path. This force (the force of tension) 1st:;e
rected along the length of the string toward the centre of the cu-di.

as shown in the Fig {4.13). This force is called centri ¢

= petal force
represented by F. a“s\

Using second law of motion, we calculate the magmtude F
- L c*

of centripetal force _F:: -
E=ma, |
02
substituting a = ——
m o’
i —
22

¥
The centripetal force, vector, Fc acts toward the centre of cir-

|
ong which the object moves. In the absence of such a .
|

cular path al
th: instead it

force. the object will po longer move in its circular pa
would move along a straight line path tangent to the circle.

be familiar with the term centrifugal force -
ce or acceleration only 0c-
frame of reference, that I,
t our discussion to observ-
ty”, we shall never €%

Some readers may
or centrifugal acceleration, such a for
curs wheri the observer is in a rotating
the observer is accelerating. If we restric

~ er "at rest” or "moving with a uniform veloci

counter centrifugal force.

A car traveling at a constant specd of 72 km/B €
curve of radius 100 m. What is its acceleration? T .
T 128 | e v

5= .
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r
72000m i
3600s = 20ms™ )
9? ‘ |
W — s Y by
8= — (20ms™)* /100m ()\
= 4.0m.s* &
The direction of a_, at each j *\;g\ ik
nstant s perpen |
Mty vector and directed toward the centrei;hle 2::;131' e
€
Example 4.6 '
) A 200 gram ball is tied to the end of a cord and whirled in'a

horizontal circle of radius 0.6 m. If the ‘ball

o - revolutions in 2s, determine the ball's linear
& acceleration, and the centripetal force,

Solution

makes five compkte
speed, its centripetal

| The ball makes five revolutions in 2s, traveling a distance of
o 2rr in each revolution

'm;x{:?or one revolution T = 2 s =0.4s

5
i - @éﬁe linear speed of the ball is

6:2’“

i,

: !ﬂ . 2mx06m
i 0.4s
mMpetal acceleration 1S

= 9.421“3* 5 fi;:'. ;
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m" the centripetal acceleration and centripeta) force
- mwhcse mass Is 80 kg when rcsting on the ground g ! the | _—
._tttheradlus of earth R1364x 10° m. , cws;
. tmﬂ”ﬂ ‘ /..—';
5
Due to rotation of the earth, the man at equator m"“’”*ﬁ?i —
di f th o =
Mewhose radius is equal to the radius of the earth. Theman i
- makes one rotation in about 24h; hence, his speed is given by 5,
2x 2z (6.4 x lOm) o e
9 = e = 24 (60) (605 = 465 ms "'"s y
The centripetal acceleration s —-;-;'"'
¢ -
: 2 -1, 2 -
e 2 . U Y5357 x 167 md” |
R 64 x 10m Problex
The centripetal force Is 5
F. = mg = (80kg (3.37 x 10 msz)
?c = 269N.
4.16 Some !mpprtant relations of linear motion
and Angu’lm motion.
8
When"& object is constrained to rotate about an aﬂc: ‘:‘m"‘:{
mm.tmangular ‘variables 0, » and o are related to €2 i
“ mﬁy the same way as are the variables, s,0 and a for ™ :
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these equations, one direction athg b4

ro
positive and the other as negative, g ¥ tation axyg g |

s
and a can be POSitive

pegative: g
Table 4,1
pmm——
| — u‘ne“ it Rotational Motign
Constant linear ot T
acceleration,a. | oimn
s = 0t o ata
ﬁ,=ﬂ,+at wa Rl
9 + U
037 o f i s o+ @
2 2
1 2 o
s = 9t + 5 at °=&\t+-§-c¢
2 2 : g
0‘- = ol t—1 2as (li- of ml z 20:8
Problems

1. A rescue helicopter drops a package of emergency ration
to a stranded party on the ground. If the helicopter is
txﬁvellng horizontally at 40 m/s at a height of 100 m
above the ground, (a) where does the package strike the
ground relative to the point at which it was released? (b
What are the horizontal and vertical component of the

velocity of the package just before it hits the ground ?

(Ans: (a) 180 m (b) 40 m/s. -44.1 m/s)

at an angle of 20° to
1 m/s (a) HoW far does

reached ? AS®
e tile.

2. A long-jumper leaves the ground
" the horizontal and at a speed of 1
he jump ? What is the maximum

sume the motion of the Jong jumper
| (Ans: (a) 7-

04 m (b) 0.722 7

i
a1 i
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- . . 1s thrown upward from the top of 3 {,
| fgnﬁmelel;f 30 to the horizontal ;;md it m‘é:ldl: o
37 20 m/s. If the height of bullding 15 45 Pecq
Calculate the total time the stone in flight ) What s
e the speed of stone just before It strikes the groypg, 8
"~ Where does the stone strike the ground ? (¢)

(Ans: (a) t = 4.22 s (b) V = 35 i
. Sm/y
(c) 73.0 m from the base of 'b“ﬂdlng)

4. A ball is thrown.in horizontal direction from a height
of 10 m with a velocity of 21 m/s (a) How far will it hyt
the ground from its initial position on the ground? and

1C
with what velocity ?

(Ans: {30 m, 25.2 m/s))

5 A rocket is launched at an angle of 53° to the horizontal
with an initial speed of 100 m/s. It moves along its ini-
tial line of motion with an acceleration of 30 m/s" for 3s.
At this time the engine fails and the rocket proceeds to ]
move as a free body. Find (a) the maximum altitude
reached by the rocket (b) its total time of flight, and (0 1)
its horizontal range.

(Ans: (a) 1.52 x 10° m (b) 36.1 s (c) 405 km)

6. A diver leaps from a tower with an initial horizontal V¢
locity component of 7 m/s and upward velocity comp:
nent of 3 m/s. Find the component of her position 27
velocity after 1 second

/9
(Ans;: Vg =7 m/s,Vy = 6.8%

--*._,___‘." . I | .F
ﬂ"“‘;?’ - A boy standing 10 m from a building can o pall 3¢
Vs mehthe roof 12 m above him when he throws ‘:‘/ v
o e

129
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fnitial velocity component of the o

X : W‘IS: v - 6
! ox A4l m v
/s, oy =153 m/3)

is 55° and Its range i1s 0.8m ?

{Ans: 2.9 m/s)

10. A car is travelling on a flat circular track of radius 200 m
at20m s’ and has a centripetal acceleration a_ = 4.5 m
s* (a) If the mass of the car 1571000 kg. what frictional
force is required to provide the acceleration? (b) If the
coefficient of static friction pg is 0.8, what is the maxi-
mum speed at which the car can circle the track?

(Ans: (a) 4500 N, (b) 39.6 m/s)

11. The turntable of a record player rotates initially at a rate
of 33 rev/min and takes 20 s to come to rest (a) What

Is the angular acceleration of the tumtable, assuming
the acceleration is constant? (b) How many rotation
does the turntable make before coming to rest? (¢) If the
radius of the turntable 1s 0.14 m, what is the initial line-
ar speed of a bug riding on the rim? (d) What is the mag-
nitude of the tangential acceleration of the bug at time

tx:o?

3 f

(b) 5.5 rev

; (Ans: (a) - 0.173 rad/s
‘ (c) 0.484 m/s i) 0.0242 g:/a’l
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| Torque Angular

Momentum and Equilibrium

In earller chapters, we have discussed the linear and angular
motions of bodies in detall. In our dally life, we come acrons vari-
ous types of motion, for example the motion of a train from cne
station to an other, the motion of a car along a road, the motion of
a celling fan, the whirling of a stone which is tied to one end of a
string. the other end being held in the hand, etciThe above motion
. can be divided into two groups (i) translatory motion and (ii) rotatory
motion.

The motion of the train and the car belongs to the first group
{translatory motion) whereas the motion of the fan and the stone
belongs to the second group {rotatory motion).

Even a common méan can differentiate these two types of mo-
tion according to his ability. As a student of Physics one can difine
these motion as follows:

Translatory motion:- Consider a frame of reference (X', y z)
which {s imagined to be rigidly fixed to an object. For an observer
the motion of the object is said to be purely translatory if the ax::
of the frame of reference of the object remains ahways paﬂi -
the corresponding axes of observer's frame of reference (. ¥. 2
8 translatory motion the object may not be necessarily moving
along a straight line. F1g.5.1, shows tranalati T
Ject moving from A to B and C. Observe that througho
| ton every pant of the object undergoes same hecauet @
'. Y other potnt. we canauumcmebo‘b""t’“p‘m:

l ¢ 135
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v Rotatory motion:- A body (a rigid body) is said to possess a
~ purely rotatory motion if every constituent particle of the body
I3 ‘moves in a circle, the centres of which are on a straight line called
" the axis of rotation .This motion is of two kinds (i) spin motion and
l (i) orbital motion.

Before we define arnd ‘give some examples of spin and orbital
motions,we first deﬁng’ﬂ]e axis of rotation.

By the axis.of rotation, we mean the line about which a body
rotates. If the Qﬁ‘ (the axis of rotation) passes through the body it-

- Mﬁf the spinning object moves along an arc 0 di
~ small interval of time and the centres of all these circles lie alo“#
straight line. This straight line {s called the axis of rotation- How;
e , if the axis of rotation does not pass through the body, we
h a rotatory motion as the orbital motion.

-

imples of spin and orbital motions:
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: plefr'f spin motion. Rotation of fly wheel ap,
example of spin motion, A rotating top Presents '

of spin motion. If you happen to visit a non-e o Sxample
would see that sugar-cane crushing machine lcmed Vﬂlage. You
by a bullock that moves in gz Clrcular path et
This motion of the camel or the bullock is

nucleus 1 an example of orbital motion. Here the axss of rota
passes through the centre of the atom, Otation

5.1 TORQUE

Eonsidﬁr a particle of mass 'm' which is acted upon by a
force F . Let r be the position vector of the particle. This is also the
position vector of the point of application of the force. We can re-
solve this force into two rectangular components (i) I_«‘l’land (u)-i‘:,
The component Fj acts in tic direction of r whereas P-‘l acts in a
direction perpendicular to r as shown in the Fig.5.2.

:

127
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e mass but cannot rotate it. It 1g .. |
._ force Fabout the centre O' is defined as
| 'K = r Fsin® 5.1
~ Where 6 is the smaller angle bean:en the positive directigng s
andF . Lc.0 £28-0 ot
o Usmg vector notation, Eq. 5.1 can be re-written as Seine 4
T (62 ~of tB
ol Tt =r1rX & N
~ The torque vector T which is the vector produti of r f.nd i-:g-?g/ ‘ : 035°m61
- plane defined by r and F,The _
1s directed along the normal to the p R e
?kécmn of T7can also be given by the right hand rule. Right-hand <im!
. ' d towards © and curlthem from }
rule:- Point your flngers of right hand to o -
| 2 b will give the direction ol r x
"to F. Then the direction of the thum
F. We can represent the torque vector © (othe detcrings
form as shown below :
b (5.3)
? = ? X F .= X Yy ¢ o
E EE
itive th
nit vectors pointing in the pos |
Here {.j and k ?1‘5 ;h::d z respectively. The elements X, Y, st
dire f the axes 01 X 5 6hT
Cﬁont;:y appear in the determinant are the compg“::;s £ F
e ‘m' whe
e = the coordinates of the point mass m " y o
They are also ¢ the force F respectively
' onents of the o
and E are the X. ¥ and z comp S
e
A rearrangement of the factors on the right-han ;,
Eq.5.1 gives
t' ¥ m [rsmel f the line Of acﬂon r
Here ‘rsing’ is the perpendlcul.af distance 0 esented py the s
of the force F from the centre of rotation. It is ;f:ular distance B .
of the Iore : =z g
ne segmen Fig.5.1. This perp _ de of 02
line segment OA in the Jitude of ¥
called the moment arm of the force. Thus the mag/ r,
e 138
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This means the greater the force,
and larger the moment arm the greate
therefore, easler to rotate g body by applying a given force whem 1s.
line of action Is at a greater distance (moment arm) fromc:h:hm i

- of the rotation than when it acts closer to the body. In the e::::
case when the line of action passes through the centre of rotati
the body stops to rotate because the moment arm iazi:ro 'Ihl::
tangential push on the rim of a wheel will cause amtAUOn. while 2
similar push along the axle of the wheel is unable to produce any
such rotation. In Fig 5.3 a wheel rotates about an axs passing

Flg. 5.3 The Turning effect of a force
Is greater, the farther s the line of
action of the force_ from the axis of
rotation.

through its centre 'O'. The turning effect on the wheel has been |
.shown by applying a force at different points on the wheel. f

A body can rotate clockwise or counter-clockwise. As a con-
vention, counter-clockwise rotation is taken as positive while a {1
d@wwc rotation as negative. Hence a torque which produces a {4
counter-clockwise rotation is considered to be positive and that

producing a clockwise rotation is taken as negative.

Two forces which are equal jn magnitude but © c:;:d:s
rection and not acting along the same line constitute a st
shown in Fig.5.4. The forces constituting the couple are Tept :

edbyFand - F.

139
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W equal in magnitude but opposite in di
¢ along the same line constitute a caupfe

er a couple composed of two forces F '
s 'A' and 'B' respectively as shown in . %

o

here T, is the position vector ¢ Qﬁthe point A. The mmﬂ'
ce - F about the same poin:fis

/\
N/

\\\/
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ff ﬁ'i (F) slntua"—e) )
TR
= r--‘l‘?sl_nB

where 6 is the angle between T and

F}& 5.4 that rsin® is the perpendicular dista
of action of the forces F and

F .1t 1s evige

= nce between the
~¥ . Let us denote th;
' (d=rsind). The EQ.5.5 takes the form Theae

_:'-' -. } a | . 0\

e T = (F)(d) = Fd - '
& \“‘ (5.6
o :

The perpendicular distance 'd’ {s called the _
| the moment arm «
the couple. Consequently. &) loment arm of

by

Magnitude of the moment of a coup-[é-;,
Magnitude of any of the forces forming the couple:.é
Area of the couple.-

As T is the displacement vector from -F to f".. it is indepen-
dent of the location of origin., Hence the moment of a given couple
is independent of the location of origin. |

1 5.2 CENTRE OE MASS

In translational motion each point on a body undergoes the
same displacement as any other point as time goes on, so that mo-
tion of @qe particle represents the motion of the whole body. But |
3 eve en a body rotates or vibrates as it moves, there is one point
:'Om\\'&'re body, called the centre of mass, that moves in the same way
that a single particle would move under the influence of the same

€xternal forces.

The centre of mass of a body or a system OW?'“
~ defined to be a point which moves as If the total m?:d éall-i sk
- orthe system of particles were 9oncentratcd th;rethatfﬁ. oL
| forces were acting at that point. This g f’-”!

e the motion of the whole system Of the b
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shole we assume that these forces were acting i “ﬁ
" mass which Is the geometrical centre of the block ..
‘total mass is supposed to be concentrated. We then, ﬁﬂd
iltant of these forces and apply Newton's second law of the,
to determine the acceleration and hence the velocity of g,
re of mass at any instant of time by using initial condition of
tion. The motion of the block is same as the motion of the @

oo

 treof mass. | \$
~ The centre of mass is often confused with the centre of gravi-
~ ty. The two terms are so similar in many respects that one can use

the two terms interchangeably. The centre of gravity of an extended
object coincides with its centre of mass if the object is in a com-
pletely uniform gravitational field. If this isnot the case the centre
of gravity does not coincide with the centre of mass. -

Let x.. y.and z, be the.coordinates of the centre of mass,
. e
then in a completely untform gravitational field, these are given by

Ly x

yc = Zmi

%\ ; Em‘ Zq
Zz Zmi

' le of mass my:
Where x, . Y, .Z; are the coordinates of the partic

Example 5.1

!; k ~ Locate the centre of mass of four particle
 at the four corners of a square of sides 2m eact
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-t'" s

b.":-n‘f !ﬁ‘qv .4{ ¥

'I- 1
B ‘-vq

‘]:_l' L B -. -’l
h !

i v
. o
%l Thill
‘ ' i
P ar e s ¥ "
% + ’ '
. L] H L3 -
- =y
1

___ﬁisn; This is a two dimentional proble X or the smg M
-:’we take the two adjacent sides of tl}t‘{équare i e Wik

1x0+2x0+3x2+4x2
"'1+2+3+4
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S dy 15 md to be In equlubnum If 1t 18 at rest op is
ualform velocity. A body at rest Is sald to be 1 statie %
., while a body In uniform motion along a Straighy

sald to be in dynamic equilibrium. In both the cases the body ﬂ
Jot possess any acceleration neither linear nor angular, Hence

ujsebodles in equilibrium do not possess any acceleration, -

i, .
Y {A) Static equilibrium . 0\

A book lying on a horizontal table s in static Cquﬁlbz‘um
Building and bridges are also in static cqulllbdum There are Many
more examples of static equilibrium around us.

(8) Dynamic equilibrium

Cansider a vertically downward motion of a small steel ball
through a viscous liquid like mustard oil contained in a vertical

tube which is clamped with a stand. The ball is dropped gently into ;.
the oil. Initially the ball has accelerated motion, But after covering i
a certain distance it attainsa uniform vertical velocity. This uni-
form vertical motion of the steel ball is an example of dynamic res
equilibrium. In this ‘example the force of gravity acting vertically fer
downward on theball is counter balanced by the viscous force act:
ing vertically upward on it. Hence a net external force acting v:ilut:: "
ball is zero. As a result of this the ball acquires uniform
motion. t
Another example of dynamic equilibrium can b:i":p‘; -
ed by considering the Jumping of a paratrooper ﬁ:o :c“r .
In this case the force of gravity-acts on the P‘“"?‘r o Pt
 cally downward direction whereas the reaction © foreeﬁw
SR A in the vertlcally upwaxd “direction. These tWo g We
_Thus the net force 852 ™

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com
BAWWW. YOLHUDE.CUMMTVG/ VID' WA T D T U rUmRED a2y '
the system (the parachute and the

Paratrgq
systfm moves downward with g uniform vel 02?:; is Zerg, Hene the

Flg. 5.6 After a parachute opens
Jalls a certain distance, it nmsami

downward there
velocity, after with a uniform

5.4 FIRST CONDITION OF EQUILIBRIUM

The condition statés that a body will be in equilibrium if the
resultant of all the forces acting on it is zero. This condition is re-
ferred to as the first condition of equilibrium. |

Let P;_' Ef s ey P: be the n external forces acting on a body.
The first condition of equilibrium states that
f‘T + P;_’ o + F:’ =0 5.7 @
tten
Using the summation sign, the above Eq 5.7 can be wri
as
£ = 5.7(b)
i=] If =0
then
x-y plan¢.
If we restrict to forces in one plane. saY: i
We
Write PR
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s s in the dlrecumofx

s
Wm‘ + F,,J) ...........-HF 1 +p IJ# e
~_ Ko
?&4- ot B+ (B + Fp 4ot %)J&?&Q
? be the resultant of the forces FKOQ,‘
e 1? = F + Ef'-l-..’..... 17‘:, T
I

" ﬁ;l"'p J= (F + in""‘"*""Fn;,"t +(F), + Fp +...4F_)j

quating the x and y compenents of the forces - on both the
m abovc equatlon we get

+ ..OQ;}\%F
and Q‘b
'I' | ﬂt FK% + csoeed + ny

()0?'* I; + seones + F‘n =0
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One important point to be B i€ e
AR e i noted huﬁqx at all the compo-
nent forces should be written with their proper sign.

Let 6,, 6,..... . 6n be the angles v ch the forces ff. N ﬁ"',..,-.-
B oiih x-axdis respectively as shevm in Fig. 5."7 . 3

X
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20kg

Solution:

: '. - Since the block fs at rest, we will apply the first conditlon of

rium m eve -ﬁ;ie T, and Tz. As shown in the force diagram

he we @lt W of lhe block actlng vertically downw
. forces Into thelr respective xa.nd y
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T, sin 30° + T, sin 60° - w
1 3
T, X = + T, X [—

T_,+]/§T,'=2w
T, +;/§x1/_'1‘
4T.=2w

w & 20(kg) x 9.8(m/s’) _ o
A 2
solving for T, . we get

«Qr@- 98)/3 N = 169.74N

T, =

&
”"éwbom) CONDITION OF EQUILIBRIUM
- Earlier we have studied that whenever, a net torque‘am an. o *

/, rotation s produced in it.The body Is said to in rofa™
b ' _ actlng on ﬁ is :

n, if the vcctor sum of the torques 5

sy '
) "‘g T3 ..-..“.'p are the torques on th
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s the two conditions of eﬂt:mbrlum written together 5y,
:fgb.zﬁ = 0, zpy - o
4) IF = 0, about any axis By 550

g A 15m ladder weighing 600N rests against a smooth wall ‘
 point 12m above the ground. The centre of gravity of the ladder i
one third the way up. A man weighing 400N climbs half way up the
" ladder. Assuming that the wall is smooth, find the reaction of the
: ground and the wall.

Solation:

By the term smooth we mean that therc is no friction and that the
reaction of the wall on the ladder is pcrpendicular (o the wall. Here
we fsolate the ladder as the body under consideration. The forces
acling on the laddcr are shown In FIg.5.9 (D). The weight W of the

e ————

: ' i
tadder acts vertically downward at the point C so that m AC =3

mAB. The weight W of (he man acls vertically downward at the mid
point D of the ladder and F* the reaction force of the wall acts
perpendicular to the wall. The unknown force of reaction of the
ground on the ladder is representcd in terms of #ts horlzontal and
mucal cq@i\{\hnml H and V respectively. From the geometry of the
Fig. 5.9. 2 we get

mAE = 9m, mAk = 3mand mAJ = 4.5m
Applying the first condition of equilibrium to the ladder We

Fl"; = 0 I
s .0 51000

— - -
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7 ¢-600-400 = 0
£ v = 1000 N
the torque equation
To write We choose an _
the point A where the unknown FoRoe Rotere ads passing
ction acts. By doin : unknown -
,g'ctlon’ of rea & so the unknown force will
op pear in this equation. not

Now taking the moment about the point A we get
Zt=0 3
F x (mAG) - wx(mAK) - wix (mAJ) =0

or Fx12-600x3-400x4.5=0
12 F - 1800 - 1800 = 0
12 F = 3600

Fig 5.9

The magnitude of the force of reaction of the ground is R .

R = ]/Hz+V3
= ]/[300)2+(10;06?

151 °°
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" di'.r and pullcd horizontally Assuming @&t the C!ﬂinder
sﬂp on t.he step. find the minimum fm%e F ‘necessary to

~ Solution:

When the cylinder is just ready to be raised, the reaction
ce at'.". goes to zero. Hence only three forces are acting on the
inder as shown in Fig.5.10(b). From the dotted triangle drawn in
10(a), we see that, the moment arm d of the weightw relative
-.';point. Pis gl\fqn by
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.}*
;e b l_—_'.
X “3'!1‘.‘1

i

- P

:hl"\- .‘ 1 b
mnﬁ cﬁndmon of equmhnuﬂi is : ‘
tude of F . We can determine the reaeﬂﬁﬁ |

g the nrst condition of equilibrium, Thus we hm ‘

- F= Ncosf
- and ,.‘.‘..l'-‘y =0
Nsing-W=0

Nsinf =

From these equations we can easily get

() tand = -—W—_,a;nd @ N=INI = ]/1:3',,-“,’
As anexam@:‘if we take W = 500N, h = 0.3m

and R@Qﬁém{ then
A : 2ok -
F@%Bs N.=524"and IN | =631 N

b
N 4
r
b
- :
N -
A5 A

problem can also be solved by noting that stnae only

aet on the body, they must be concurrent. H ce the
ree N must pass through the point C where B.;

Th three forces from the sides-of t.he ﬁﬂﬂﬂﬂ
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)
",

-

|" b

g I

“ﬁiﬂ (@) A cylinder of weight W pulled by a force F 0\
over a step. g?,
(b) The free body diagram of the cylinder ‘@‘
when it is just ready to be raised.
(0 The vector sum of the three forces is Zero. ’{%

X

<

m LOCATION OF AXIS &< |

i I
| '-; We will now show that if a body is in translational equilibg-
. 1 um and the net torque is zero about a given point, it must be zero
~ at any other point. -

In order to prove the above statement, we consider a simple

| mmple of a uniform bar of length 'l ' resting on two pegs at its
~ ends as shown in the Fig.5.11. The bar is in equllibrlum under the

acti lor of three forces that is the weight of the bar W and the fore-

oy S F and F exe{ted by the pegs in the upward direction as shown _

in the figure. x\@ |

Applying the first condition of equlilbrium we get .

(No forces acting along horizontal)
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to the right of 'O’ at a distance x fmmm & nrough .
w the sum of the moments of all the three forces 8\

z-.-=F; l-—--x) F, (< +xl+Wxx\2$§?"

- W) x O\fé{

£

\%‘é‘}o

~ which proves the statement. We' are thus independent in chaoosing
' the axis about which the moment is to be taken. This is an impor-
tant result because this provides a suitable choice for the location

gf ﬁae axis. By this we mean that one should try to select such an

~ axis for which

:L*' \ (i) The ua}mown forces. if any, may be inactive while taking

%ﬁmmn s Is possible only if the moment arms of these Eem-

| @
é" The forces involved may be minimum in number sa

calculatlon work.
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no Angular momentum, like. lmemr *
lgw of conservation. ‘

3 discuss the angula.r momentum of a parti '?Consum- ‘
mass 'm'. Let r be its position vector an

Z

X \}"\ :
| L5 12 lﬂustraﬁn&fé deﬁnitton of the angular momentum 3 ofa partﬁ:le
lhe oﬂgmo @(h L=rx p we see that the veclor I is perpendicular
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4 N\

Thus for circular motion we have .
lll-l (r}tp)(1)=fp

_. ,_:_.z are the componcnts of r' and px > py . pz
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aty o I

mgularmﬁmenm are w ]

e &
1e system intermational (SI), the unit of length is the fge |
the unit of mass is the kilogram (kg) and the unit of timefs
second (s). Hence the units of angular momentum are
. @) kg (kg) (m)
. pe

s

X fﬂﬂ: (s)

= Js

\ X

Thus the um.ts.@i\angular momentum in the S I system are

constant rate of 1.5 revolutions per second.
‘momentum of the particle with respect to the
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i
@ which lies along the axis Ofrotauon 5
tude of the angular momentum T i + Vsing Eq. (s, 12) the .

Is
lorthc%
1 tm.els
m = 400 gm = 0.4 kg
r = 20cm = 0.2 -metre
6 = 90
em are | 4 2 o
l= 0.4.x(0.2) x wsin 90

0.4 x0.04 x w x1

i

0.016 ©

Butw= 2nf
Where

= no of revolutions/sec = 1.5rev /sec

l = 0.016 x2r x 1.5
= 0.151J.S
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@

-'-the vector product of both the slc}eQ%f ths ah
D

<O

L 0 by dgﬁmt{iﬁ{the angular momentum is
5 '5’!;;\%
@)

fiating the above equation with respect to time.

- . 5
‘I'P » :_ |l“|11a~"‘l’ H'
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Slnee thc vector product of a vector with Itself Is 2

—y
o dl
dt

This is the required relation. Thts}quauon states that the

torgue acting on a particle is the Umt: {atc
of change of its angular
momenturni.

If the net external torqrx,.
Eq. 5.16, reduces to,

dl i ‘, Y
i - 5.17

acUng on the particle is zcro-. then

5.18

o\ 3
Thusithe angular momeritum of a particle is conserved {con-

LB mw::: net torque acting on it is zero.

& The conservation law obtained for single particle E@-tm
1 be extended to demonstrate conservation law for the angular
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K 2
Where F and @ “are the external force and the external
qu e respectively i@ﬁng on the i th particle.
=?""":itl?.tr. net,Q&mal quue T acting on the system is zero, tt
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() You might have seen a figure skater under going a spin
motion in the fikale of an act. We assume that there Is no [riction

between the(éi’(atcr and the lce and hence there are no external
ch)&hng on the skater. Thus the angular momentum | @ of the

hich is the product of moment of inertia, 1, of the skater and
the angular velocity, , of the skater, is constant, since the moment

of tnertta depends on the distribution of mass, the skater can

decrease his or her moment of inertia by pulling his or her r
‘“Hdmetolhe body. Asaresulttheangllhl‘m

er increases and so the spinning takes place ata

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com

D | t;heﬁ’ angular velocity of thelr spin mo

eir moment of inertia to the half its intig @)
(vi)
(vil
ey i
The physical quantity which tends to rotate a. haﬁy;g
called .... {b
{iﬂ In the system intematronal the units of torque are
& SR e o
-"f J' m Conventlonallyihz torque, producing clock wise rot:
s istakenas ) ¢

(ivy The an momcntum of a body is conserved LF_
Y net 43{1 t is zero. -

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com

righ has zern angular momcnt abqut that. ongn '

M 'me angular momentum of a body which is under the
action of central forces is constant.

{vu The direction of angulnr velocity (s take%\@v - " .
~ same as that of angular momentum. 0
(vi) The torque due to action - reaction fq:&: ls not zero.

\ /

fvill) Angular acceleration is8 in the same direction as the

-angular velocity if the latter is décreasing with time.

{ix) An electron of an atom posscsscs only orbital angular
momentum.

(x) The orbital angular’ momcntum of a body is its angu-

" lar momentum about an axis passing through the

body itself.

&) The centre of mass of a body colnctdes with its centre
of g'avlty !rrcspcctivc of its mass and size.

f?‘ C) Tick 1@%? the correct answer.
%(ﬁrquc is defined as
@ (a) time rate of change of angular momcntum.
~ (b) time rate of change of linear momentum.
(0 time rate of change of angular velocity.
| 1 m The vector quantity torque -

1,'.! =

s 1a) ﬂepends on the ehoice of foc
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) the magnitude of a vector obta!ned in the abgy,
"*'1"1 ner.

y \‘
T .‘_” (c) neither the direction nor the magnitude @?‘
~ {v) Two forces which form a couple \2\

(a) can be replaced by a single equivalen ﬁrce.
(b) cannot be replaced by a single equiyalent fonce) - ‘
(c) are perpendicular to each other. = 55
{vi) The direction of torque is

(a) the same as the direction of the corresponding applied
~ force. _ B §

(b) opposite to the direction of the applied force.

{c) perpendicular to the direction of the applied force.
(vil) The centre of mass of a system of particles L5

(a) coincid \Qways with the centre of gravity. . *

(b) ne oincides with the centre of gravity.
) colr cldes with the centre of gravity only in a unlfm

W éﬂ _IS_I_»!: Possible to calculate the torque acting on xigld'-
- Without speciﬁdng the axis ? ‘B
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Pin.

-Lmanm velocity of a _ .-
~ fts angular momentum be conspars 20 I time, par
~ bitrary axis ? © Constant in time about g gr

Suppose that the velocity of a;iéam _
specified. What can you say abﬁut the direction of its
angular momentum vector wi respect to the direction
of motion?

Why is it easer to keep. srbur balance on a moving bicy-
- -ep a mov _
cle thanon a bicycl&ﬂ rest?

(10) A projectile is fired into air and suddenly explodes into
several fragments. What can be said about the motion of

the fragme;f«ts’ after explosion?
L L@e the centre of mass of a system of particles each
mass ‘'m', arranged to correspond in position to the
six corner of a regular (planar) hexagon. o
(Ans) Centre of the hexagon

1s-
Jo

"

b}
L)
5

)

o

- - - -

l.
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.....

. ' centre of the earth is 1.496 x 10° km. 'I‘re&tﬁg By
g and Sun as particles with each mass concéxitm" -

ate

the sun is the C.M (centr e Centre of

_ . e of mass) of the e@% un sve.
.t.em? Compare this distance with the meén:‘radi::n £ 11
sun (6.9960 x 10°km) X/ e

| (Ans. 4.54.X 10" km; 6.48 x 10
4 4. A particle with mass 4 kg moves along the x-axis with a |

velocity v = 15 t m/sec, where t = O is the lnstantthat \
the particle is at the origin. :

(@) At t = 2sec, what is-the angular momentum of the
particle about a point P located on the + y-axis, 6m
from the origin? (b) What torque about P acts on the
pa ticle? - . v

,\‘,‘N',

<>§§‘ A (Ans. (a) 720 kg malsec: (b) 360 Nmk
5. A particle of mass ‘m' is located at the vector position ‘_f;

a.n@% a linear momentum vector ;? . The vectors T

e Y:. prove that - 1S

Iv t u‘mugh the rod's centre. TWO P?
and 3kg are connected to its end
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jder with a uniform density and a
unst a frictionless vertical wall at an
er end rests on a flat surface wher ;
" friction (static) is 0.40. A student wifi a mass (M = 2,,,1_' st

" attempts to climb the ladder. Wha{ action of the length
' "‘L' of the ladder will the student Have reached when the Ry
Jadder begins to slip? .

(Ans. 0.789)

'ﬂ_parﬁcle of mass 0.@kg moves in the xy-plane. At the
" instant its coordir{ates are (2,4) m, its velocity is (31 + 4j)
m/SCC At thisg~lwstant determine the angular momen-
tumof the panjc e relative to the origin. | ﬁ*"‘-‘-

(Ans. -1.2k J Sl

cable that makes an anglc of 53° with the horizontal.
Ot I aperson weighing 600N stands 2m from the wall, ﬂ:ﬂ

= tension =313N
= reaction force = 581N %
=  angle made by the reaction force with
horizontal
71.1°
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INTRODUCTION

All of Isaac Newton's efforts In mechanles were rﬂcus‘gw '.
toward the explanation of the motions of the planets aroung ‘hesun |
and of the moon round the earth. In 1666, Newton Prompteq bys
simple observation (fall of an apple toward the earth) concludeg
that the force that caused an apple to fall to the ground and the
force that kept the moon in its orbit around the earth were only dif.
ferent manifestation of one universal force called force of Gravita.
tion. From the above assumptions, Newton made the hypothesis |
that every body in the universe exerts a gravitational force on every
other body. This gravitational force is responsible for the motion of
the planets around the sun, the motion of falling bodies towards |

earth, etc.
6.1 NEWTON'S LAW OF UNIVERSAL GRAVITATION

In order to explain the gravitational force Newton formulated
the law of universal gravitation as under:

Newton began on the basis of approximation that the moon's
orbit is ‘eifcular, he then calculated centripetal acceleration of the
moon, am,, about the earth applying Huygen's formula for centrip®”
tal acceleration in the form

ol V2 A 6.1
Be =5 i
Where ? {s a unit vector directed from the centre of i

The minus 55

to the instantaneous location of the moving body- owart®
- £ 2. is inward (10"
in the equation specifies that the direction ot d¢ pR—

| -

170
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] O

Rm = 3.84 % 10" km and_reg.xfesents the distanc,e from the
centre of the earth to the centre of the moon and called orbit radi-
us of the moon.

T = 27.3 days = 2.36)X 10’s and represents the time taken by
the moon to complete one revolution around the earth.

Sub.stitutiqgj the values of R, and T in Eq 6.1(c). the magni-
tude of the cer ‘t'ri etal acceleration of the moon is found to be
<%“3I! P

-3 =0 ; e
a.,éﬁ\: 2.72 x 10 ms 6.2

&l‘he magnitude of the centripetal acceleration of the moon

given by Eq.6.2 provided the basis for the mathemat&ea; formula- " .
tion of the law of universal gravitation. If the centripetal |
 tion 15 a gravitational acceleration. the apple wou
| at a distance of Ry, = 3.84 x 10 m %68
. L
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\
\¥,

t"f\\w

AN/

.1 Gravttanonal acceleration of apple decreases when i

_,\ N
\

dences an accelegatmn o!' 9.8 ms the va.lue of a, fs‘

tn§?(60) that of the acceleration dy
- at thc sgfa e of the earth.
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the gravttaﬂohal 'a'céelemﬁon) falling .

5 that the acceleration of the moon because of the
- exerted on the moon by the earth, depends inversely as
uare of the distance from the centre of the earth to the mm{f
m moon. To make the law a truly universal law of graw
- must apply to any pair of bodies A and B and not just to
and the apple, or the earth and the moon.

The magnitude Fo, » 1, 5 0f the gravitational force Fp x5 €x-

erted on body A due to the presence of the b@} B Is given In the
rom 1 wi;(“‘/

Fonatys &< 7 6.6

(erthoA) . o

Nu”

Where r, From B to o describes'the position of body A with re-
spect to another body B as shown'in Fig. 6.2

The magnitude,F,, x %8, of the gravitational force F,,, AbyB

must also be proport.iorral to t.he mass my of the body on which it

Fona by B

o v ee s on @ [ e aes s

T FromBto A

- Fig: 6.2 gravitational force between my and mg
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Fbﬂa\!qﬂ oc Iy Mp
g Eq. 6.6 & Eq. 6.9, we get

&l Fonahya °c m, Mg / (Tfom B to A)?

When written in form of an equation”.
m, Mg

F =G A
P (Tfmmam.\)z'"

v -rsal grav!tational eonstant (G=6.673 x10' N— m

~The equatlon 6. l&can be e_xpresscd in vector form which

My.Mg A
3 TfromBtA

(rﬁnm B A)
gn shows that the gravitational m
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These two gravitational forces constitute an acuonb reaction pair
in accordance with Newton's third law. << X

We may substitute shorthand no for the subscripts
~ such that , \\"

£ \m/’

. -3 —
® FﬁomA'wB= Fas

o= - -
) Fromaws= Fpa AM

(141) r!’mmAIaB ?Bh
{iV] rfmm&loﬂ\i xYM!
conscqug{}/ﬁy we rewrite Eq. 6.10, Eq. 6.11 (a) and Eq. 6.11

00"“’ =

m, m
Fﬂa"q A **'B
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nal- to the sqimr& of thza d
ng the line jolning thelr centres”

- e value of the gravitational constant, G, was |
&ntall}' The ﬂrst accurate measurement was m.

-11 2 2
= 6.673x10 N m /kg

P B\’ & %
mple: 6.1 N ﬁ.

L (-
Compute the gravitational force of attraction between m ..f
|55 Balls each weighing S5kg, when placed-at a distance of 0.33 mﬁj

m,m,
r

v.‘.‘-{l.
6.673x10 N m°/kg’ x 5kg x Skg
(0.33m)?

P =G

Q\)

@%xlON
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ReE
G

Since Rg =6.38 x10° m, g=9.8ms" and\ézf- 6.67 x10"' N-m?
Therefore O~

9. 8(ms lx(6 38x10m)
6.67x 10" (N,—m‘ kg )

kg

Mg =

598x10 kg

The average densily or mass per unit volume, p, of the Earth
~ is given by

ﬁ@»\¢

-w;;}e V is the volume of the earth

‘_‘ -I: i‘ ':‘-’&v s

$e
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m\\ 3
£ \,,/
8 N\

N

1 data, we know.

ll-
m
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(a) Now let us consider the variation of g when a body:
@mmce upward or downward from the earth’'s surf Let 3
' the value of acceleration due to gravity at the surfa@ of the earth
and g at a height h above the surface of the ezgﬂ%‘lf the earth be

nsidered as a sphere of homogeneous co;ﬁgg"siuon. then 'g' at
any point above its surface will vary Invew as the square of the
 distance from that point to its centre. Frem'i Eq 6.15 we found that
g is given by
-h{E G

g = 2 y ( 6.18

Re

Similarly, the valuc of g'at a distance (Rg + h) as shown in
Fig. BSisglvenby iy

erefore

g (Rg + h)’
g

2

%
2h

+ L3 8
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h altitude at 45° latitude,

Altitude
(metres)

32 x 10°
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' Fq.ﬁ. 18, the value of g at the surface is given by ({S)’\
Q\é
<é<
3 t /
3 RepG

2 .

Re

_ 4n Rgp G 6.23 b)

At depth d the vmu;\éf;atécclerauon due to gravity is equal to

(Re = d) |

Putting the'value of Mg in the above equation we get

) 4x
| \&\003 (Rg -d p G
f:“_: \ s (R‘E ™ d)

fta gis gven by djviding Eq. 624 )b
. . L -_‘"fl;"?ﬂ"r
: __'“ ?”:-\' r |‘I T
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1 ] Sy
f'r" l‘{l u"\"l Fi -’I.I.“}’

6.4 Variation of g’ due to depth.

. lt :-can be observed from both the cases @9 acceleratim du .

~y
..0'

Q-
‘Tdble 6.2
X

Depth,
km

9.82 ' 1400
9.85 1600
9.89 1800
9.92 2000
995 | 2200
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- If an observer, stationed in a certain frame of referen,
 lows a body to fall, the body will fall with a certain aceeleratic
However, if we apply a suitable force, we can prevent ' :
mﬁng This force is a measure of the weight in Lr@E‘ame of rg{e:w
ence of the observer. Thus we can define that weight of a body in a ?
certain frame of reference is equal and op e to the force re-
quired to prevent it from accelerating frogqgs in that frame of ref-
erence. %
A force is measured by the“a’c:c‘:*;iération. it imparts to a mass
m. When a body of mass m is.a"ll&ved to fall freely, its accclerattm
} due to gravity is g and mgxf\"or'cc acting on it, is its weight W. Ac-
4 cording to Newton's sec'qn’ﬁwl'aw of motion force is given by

$)

= ma ’}\/

Replacin {1? b_y ‘W' and 'a’ by ‘g, in the above equation, we

get iy
W @“ﬁng

Q%e welght of a body is not a fixed quantity. It depends upon
 theocation, as well as upon the motion of the frame of referez
- The value of g i.e. the acceleration due to gravity, varies from place
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to understand the weightlessness in sa

3 ey g

B
el
W
o
it A I
P65 A body suspended |
in an elevalor. |
posc that a block is su5pendéd from a spring balance by means of
a thread attached to the ceiling of the elevator. Fig 6.5
(a) When the élevator is at rest, the force along the threadis
equal and opposite to the force of gravity experienced by the block
and this KC%Qgéan true weight of the bleck, l.e. F = mg L
(b} When the elevator {s ascending with an acceleration 5"
- relative to the earth, then the equation of motion will be L 1
D i

A iy -3 =
Fw = mg = ma

Eored L Y —
Fy, = mg + ma

g ‘_ 55 (b) gives apparent weight of block wh_te_:h ta
ﬁﬂﬂ» 1e body feels "heavier”. “':'.:;'ll

- -, - - - m—
Eot . —EELSa s 8 S — 4 AT - Sl S
. T P ——— . . T Y ety
e . i x (h i
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;”'_:"'.'._ Suppose. if the cable supporting the elevamr N
or will fall down with an acceleration equal to g, 11‘15’@ P

Consequently, the spring balarﬁ;'&w;ﬁll read zero and the

~ man in the elevator will find that.the block has no weight besides
the: fact that the force of grav:ty still acts upon the block and its - "
weight w is given by mg Th:s is referred as the state of "wefgm- :

lessness”.

. Our discussion o!‘ apparent weight can also be applied to ﬁm& e
| ~ phenomenon of @mghtlessness“ in satellites. Bodies in an orb ‘
Wcﬂue are fﬁot we:ghtlcss the earth’s gravitational attraction
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. fall, and consequent]y will be in the state of weightles.h

N > an astronaut in many ways. For example, he cannot@ iquig
i mta a cup, neither can he drink from it.  If the sp%?z craft is 5
ce laboratory intended to stay in space for a lopg’peﬂod of time,
b .:“-:j__‘_-ﬁweightlcssness may be a severe handicap'to the astronaut in.
i performing experiments. In order to overcome this problem an arti-
al gravity can be created in the space craft, by spinning it.
around its own axis. Fig 6.6

- So that normal force of gravity can be supplied to the occu-
pants in the spacecraft.

! -i "1?4 a tunnel 0_-{- len g&;*zo metres. Let us see how many revolutions
fm'- théstronauts. Let T be the time for one revolution 2!15

Download Books Guides Notes & Tests at www talibilm com

ightlessness in space crafts or satellites is highly inc Wnst |

Consider a spacecraft consisting of two chambers connected

e space craft make in order to supply artificial

II
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. -~;' . | ‘a . JL ': "‘.l";l_l."_‘_-:: P :
¥ ;.‘_ | s A . 1 L r=l| h::". T i
.iwhmabodyfanaﬁuly.n_g: i
. ! 4
e VR
e Ve *—l—- ——____g-sms-z
2x 10m ‘ AN\
N
= 0.158 rev/s

v = 9.5 revolutions/minute

Thus the astronaut should feel comfortable in space craft
spinning at 9.5 revolution/minute at a distance of 10m away from
the axis of rotation as shown in Fig, (6.6).

axis of
rotation

\

\ e
®

Fig: -6.6 Rotating spaceship supplies

“artificial” gravity for the P“-”"’S‘: -
Their apparent weight is the sume &3 € e
Ben v earth. e
. i . . . __: ?_’.
i -'-5"‘ : . :II ;I_
8 SRl ; 187 U }L —
.':.. 4 I55
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& TYPE QUESTIONS
ther true or false, if false correct the follMg

Every body in the universe repels every other

Eve with
a force which is inversely proportional to the Produc o
thelir masses.

b. The force of gravitational attraction is directly Proport; .
onal to the square of the distance between two bodjes.

¢. The force with which the earth-repels a body on its gy,
face towards its centre is equal to its weight.

d. The value of g increases with the increase of tha di
tance of the body from the centre of earth.

e. Gravitational force is of a very large order of about 6.67
x 10" Nm7kg1. El

f. - If the cable carrying the clevator breaks, the elevatorwill |
£0 up with an acceleration equal to g.

Fill in the blanks 'l

(a) The moon revolves around the earth due to the presence
of ........ between the earth and moon.

interacting bodies.

() The pull of the earth on any body above the surface of

i L
el i

e e e 188 i
P - 5 __ ',

the earth ........ as the distance from the centre of th
the earth decreases.

(d) The value of g is .... of the mass of the falling body 1
wards the earth.

() Artificial gravity can be supplied by .... the space &%
s0 that normal force of gravity can be supplicd to !
passengers. |
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(¢) Numerical value of G can also be es
the :

() average density of earth @/ﬁf/' 5
(1) mass of earth.

”’

If we go away from the surface of the earth a distance
equal to the radius of earth the value of g will become:

{{) onefourth (li) oneeighth (ili) one ninth

e} Weight of a body is :
vector (i) scalar (iif) rotational quantity

'Sgtc and explain the Newton's Universal Law of Gravi-

" - 2. Oncevalue of G has been measured in the Jabx
: how it can be used to determine the mass of the [
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s ' #pmm'the concept of weightlessness i sl |

| of space crafts. . Moty .
6. Explain how artificial gravity s useful_lin Space

2. %eh%

PROBLEMS

FTOURS

- A lOkgmasslsatadlstanccofl m'fromal
mass. Find the gravitational force of attraction wh:lo "

- (a) 10 kg mass exerts force on the
100 kg m
(b) 100 kg mass exerts force on the 10 kg n::

(Ans. 6.67 x ldsNinboth Cases)

2. Con?pute gravitational acceleration at the surface of the
Planet Jupiter which has a diameter as 11 times a4
compared with that of the earth and a mass equal tg
318 times that of earth. :

(Ans. 2.63 times that of earth)

3. The mass of the planet Jupiter is 1.9 x 10% kg and that
of the sun is 2.0 x 10:”.0 kg. If the average distance be-
t:.veen them is 7.8 x 10''m, find the gravitational force of

‘the sun on Jupiter.

(Ans. 1.613 m7s>: 69.8)

4. The radius of the moon is 27% of the earth's radius and
its mass is 1.2% of the earth's mass. Find the accelera-
tion due to gravity on the suiface of the moon. How
much will a 424N body weight there?
. (Ans. 1.613m/s? : 69.8 N)
5. What is the value of the gravitatonal acceleration at#
distanceof @
) earth's radius above the earth's surface?
() Twice earth's radius above the earth's surface.
- tesaswliomBl
" 190 sl
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ltudants of 2 mass 80 and m'g‘
~ apart from each other. 1s this force wort
ﬂw't? '

ton and the electron in a hydrogen atom; 2 '
the clccu'on describes a circular orl {Cwith a raém ﬂ 2
0.53 x 10 m ( mass of proton = t,{é?] x 1027 kg

mass of cleclrrm¢ 9.1 x 109! kg

(Ans. 3.62x10° N)
A woman with a mass. of 45 kg Is standing on a scale in
an elevator. The elevator accelerates upward with a con-
stant acceleration of 1.2 m/s’. What is the woman's
weight as measured by her in the elevator.
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Work Power and Energy

WORK AND ENERGY

In chapter 3 you have studicd Newton's laws of motion W
can use these laws to write an equation for the acceleration of anj b.Ode
acted upon by any force. In addition in this we have techniques foy ‘
finding the solution to that equation. The solution determine how Lh:
body moves when it has started in a particular manner. Thus the motion .

of almost any mechanical system can be studied by direct application of
Newton's laws. |

In practice, however, it {s often much easier to study the me- \
chanical problems by using other relations. A very important set of
- sueh relations involves a quantity called energy. However., it is im-

portant to realize that these energy relations are not independent ‘
of Newton's laws and,therefore, do not involve any new physical
principle. In fact these erniergy relations re-express Newton's laws in
a form which provides us much simpler analysis of a complex
problem (problem involving a variable forces such as gravitational

forces between bodies) than the direct application of Newton's laws.

Energy is the most important physical concept which is
studied in all sciences. It is not a simple concept. We cannot define
what energy is, yet we know what it can do, clear understanding of
energy and its application was realized in 1847 when a German
physicist Hermon Von Helmholtz enunciated the general law re-

-garding the energy. Since then the consideration.of energy in phy’* |

ical and blological processes has been a crucial ingredient in the
effort to understand natural phenomena.

192
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able 7.1 Range of energles foundinumm o) T _

o '-Joules N
| \2‘

1052 Quasar explosion

10" <,<'<§‘
10*

10*°
10%°

Supernova _i;xplosion

Sun's output in 1 year
Rotational energy of earth
Earth's annual energy from sun
Severe earthquake

H.bombs
First atomic bomb

Rocket launch
Lethal dose of x-rad_tauf,-n_
Rifle bullet
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iﬂphysu:s the ter-m has- a dis i
ng a force acting on a body while the ¢

—

F

T I T T O I T T L T Y rrrYY

.
Fig. 7.1 ' =

wl

The work done by a constantforce, l? is defined as the
_product of the component of the force in the direction of displace.
ment. S. and the magnitude of the displacement. Using Fig 7.1, we
can express work done by the force analytically as

W = FScosd = [Fcosd) S 7.10
Where

Q —
F - represents the magnitude of the vector F

Séggcprcscnts the magnitude of the vector S
@ - isanglebetween F ands.

Alternatively, the Eq. 7.1 can be written as
W = F(S cos8)

i F Mm is also the product of the magnitude of force 2 .
- component of the displacement in the direction of F -

1G4
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:EI;-:' IL-}T." T mmc "ti-:l an -?sl.(b) su““tm‘t wom ” ‘. .-.'_‘ ‘
« = Wﬂam different ways: Either we g Yotk ¢an be calen.

the force and the component of dlﬂp’!aeementylm:mnu“ o
force OF We multiply the magnitude of the dlsplacemmeum of
component of the force In the direction of the displac Nt by the

o
two methods always produce the same resu, o ihese

In defining work, we have used two vector
ly. the force acting on the body and the displace
We now attempt to show that work Is a scalar qu

Quantities, name.

ment of the body.
antity,

In chapter 2, we ha ' :
A E» ve deflined the scalar product of two vee-
tors 2 and b as

c=a.b
where ¢ Is a scalarquantity which is given by
¢ = abcosd
the Here 0 Is angle between two vectors :: and t;’ - Applying the above
ace. definition of scalar product in this edse, we Immediately write
- W=F .d

] Where W (work done by the force) Is a scalar quantity by def-
W | inttion and Is given by the product of the magnitude of the one vee-
tor by the component of the second vector in the direction of the
first vector. That is,

W ='Fd cos8
which s exactly the same as before.

Work is an algebraic quantity. It can be positive or negative
dmﬂ!_{lg on the value of angle between force, F, and displace-
ment, S, We have the following important cases:

. () When the component of the force Is in the same direc®

- ton of the displacement (0 = 0). the work is pesitive. For
example, when a spring Is stretched. the work dang‘::
the stretching force is positive; when a body {s lifted.
work done by the lifting force Is positive.

195
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S ;_:m ﬂ‘lﬂ direction of the force is opposite e s
" rection of the displacement (8 = 180°), the WOrk u"\h‘
tive. For example, the work done by the m"%
force on the body being lifted s negative, since :::Q"ﬂl
ward) displacement is opposite. to the (downwar d) (_“D'-
tational force. &rav.

(i) When the force acts at right angles to the displac

(@ = 90°), the work is zero, i.e. the force does m":_ment
duce work. For example, it is considered "hard woﬂgro-_
hold a heavy stone stationary at stretched hand, by b
work is done in the technical sense. If a person Wal?: :

along a level surface while carrying a box, no work i
done, because the force has no component in the direc.
tion of the motion. When a body slides along a surface,
the work done by the normal force acting on the body {5
zero. Also when a body moves in-a circular path, the
work done by the centripetal force on the body is zero
because the centripetal force is always at-right angles to
the direction in which the body is moving.

- i . .
N

Units of work

Work is a scalar quantity, and its unit is the unit of force
multiplied by the unit of distance. In SI unit, the unit of work s 1
newton- metre (1 N-m). Another name for N-m is the Joule (J).

1 Joule = (1 newton) (metre)

1J =1 N-m

1055-;Joule = 1 Britfsh Thermal Unit
1055J = 1BTU

In the physics of molecules,
a much smaller unit is used. This unit is name

atoms and elementary parﬂdez;
d, the electron o

(V). 1eV = 1.60x10 J

Commonly, used multiples of the electron volt are
1 Million électron Volt = 1MeV = 10° ¢V

1 Billion electron Volt = 1BeV = 1012 eV B

196
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wards us centre Is called Eravitaty
welght of the body i.e mg; where m
the acceleration due to gravity,

ly ithn:achcs a height hf.. measured from. the surface of the earth 1
as shown In Fig. 7.2. During its upward motion, the only force act- |
ing on the body is the gravitational which {s its weight mg. Here we

e 0 S v e s o

mg

£

)
P—-—-—-———-—-————nc—- o el

Fg. 7.2 mg ___

assume that there s no force of friction. The displacement of the
Body is clearly (hy - hy J=h. Hence the work done is given by

- -

W= F.s = Fscosd = F(hf"hﬂcoso

= Fhcosh -
= Fhcos 180° _ s
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..‘:" ,t/.

- ol ‘\___(.R. mt.l, | li.- Fo= lll'. .ﬂu 180° = -l]
W= -mgh ° | _ : s!"‘"

: 72 ,orl"*
1y This is the work done against the gravitationg) fta h % (he
- negative sign indicates that the force and displacements are * The ig)

sitely directed. In this particular example one should note thay
work done depends on the initial and the final positiong

But this result is quite general and is valid for any path (e l‘ sha?
sarily straight up) joining the same initial and final positiong < ' f;:‘:
This work done is stored in the body in the form of its Poten. 1o
tial Energy. Thus
P.E = mgh

In the above expression for work against the gravitatigng
force, only the difference of heights, between the two positions, ap-
pears. Hence it is not necessary to measure the vertical heights
from the surface of the earth. The reference level may be chosen
arbitrarily. We may take the initial position of the ball as the zero
level to measure the height of the final position with respect to this

zero level.
Consider a ball of mass m in our hand and take it to a height s
h measured from the surface of the earth. The initial position of reps
the ball is A and its final position is B. (as shown in Fig. 7.3). There
may be several paths through which the ball can be taken frompo-
sition A to position B. In Fig. 7.3, we have shown a few of them.
B
’--I-
L]
l
!
|
ih
]
]
|
b2 L
‘ i C ety "
'=n—1__‘____ S T e —— T m.‘ ;!w S e = = - :-uw
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Work dpne In moving the ball from Sae
_along any of the paths is the same ang |4 eqi::::,& to position g

To prove this statement, we consider a
shape in the gravitational fleld and show that th
rying a body along this path 1s zero. For the s
take a triangular path ABCA in which the base
to the gravitational fleld as shown
A

closed path of any
€ Work done in ear.
ake of simplicity we

BCis pPerpendicular
InFig.(7.4). The amount of work

B
Fy. 7.4

done In carrying the body from A to B. B to C and from C to A are

represented by W, _ 5. Wg . and W respectively. Thus

—8 .

Waep = F:S, = (F(S,cosa) = (mg) (h) = mgh

-5

Wp-¢c = F.S, = (F)(S,cos9) = (mg) (S,x0) = 0

Weoa= F .S, =(F) (S, cos (180-p) = (mg) |-SycosP) = -mgh.

where h = mAD
Total work done along the closed path ABCA
" = mgh +0 -mgh =0 ,
Bp We now divide the whole path into two parts, one from A to
*B 10 Cand the other from C to A )
=0

- Wa-B-cea = Wa.poc * We-a =
199
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7 m’ whether we carry the body from A to C (ﬂongm
~ctly) or along the path ABC, the work done is the Same. a’
i A ; w be an Infinite number of paths going from A to ¢, py, Ky |
: m along any path is the same. Such a type of field of fm:"‘
" which the work is independent of the path is called a co "

" fleld. Thus gravitational field is a conservative fleld.

N

ko)

a Vv
3

- 7.3 POWER

From the practical point of view, it is interesting to know not
only the work done by a force on an object but also the rate at
which the work is being done.

We define power as the rate of doing work.When an
amount of work AW is done in time At, the average power, Py, Is

defined as
AW
p.v = -ZE' p

AW
In the above expression if At_,o0, then limiting value of —55=
{s called the instantaneous power at time t. The Eq. 7.3 is written

as .
P o J® AW 74
- Ato At

In tt;ﬁfﬁ!ﬁtcmaﬂonal system of units, S [, the unit of‘work u:r
Joule and that of time is 1 second. So the corresponding unit
- power is 1 Joule/sec, which is called 1 watt (W)

__ IW= 1% = 1kgm?/s®
. 1 megawatt (MW) = 10°W
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k don - .
agency working at the constant rate of 1 kw th:: °lﬂ€ hour by a5
second. Since 1 hour=3600 seconds, so $ 1000 joules per

1 kilowatt hour (1 kWh) =1000 x 3600 ;
Joules= 3.6 x10%
’ Oules

We can obtain an alternative expression for power sin
+ Msing

equation (7.3)
. AW F.S
i e = AL
Ny At t
at If W is the work done when 2a constant force, 1:-" of magni-

tude F points in the direction of the displacement, S, (8 = o
cos0=1), then '

F5 s s
h BT N <l -

Here P,y Is the average power and ¥,, is the average speed.

Work done by a variable force .

The work done by a vaxlabl_g force cannot be calculated by
the direct use of the formula. F. S for the entire displacement S’
because the force is continuously changing with the displacement.
We consider here a simple case in which the force is changing only
! in magnitude. We assume that the force is pointing in the positive
( direction of x-axis and the body is constrained to move in that di-
! rection.

We can obtain an approximate value of the work done by a
variabie force in the following way.

| We divide the total dlsp[accmcnt into a large l'llll'nbe:u.‘:’f
. Small intervals each of equal width Ax. A constant "”“;’mg
Posed to act throughout an interval. This constant force Is vy

S -~ 201
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be the force which really acts at the beginning of eq = ;I?

' ‘Obviously such a chosen constant force Is dy . “"M“ %
: - T, e ”
JR tervals. The work done by the force F(x) S N d"f&m.. v
L | | | acung in he , o iy,
constructed at x is e h-\te,m i
& we
AW = F (x) Ax ‘ 124;
We calculate the work done by the force for each | '. =1
;hi:bo:: manner. The total work done in displacing the Merva) i Th
A;‘ X3 1s approximately equal to the sum of all the terms llket;:; % \ 45 ShoW
N - ‘:} X’. | moves :{
S W o= Flx) Ax N\ js NEATL
g (ﬁl .l 7.6 the Wof]
- Fxg) &
Where Flx) is the force acting in the jth interval of width
A:a = Ax, and N is the total number of intervals, -
| lar stri]
Although the width of each interval js small but st finite, which t
Hence the force acting at the beginning of each interval is not the to the 2
force which is actually acting at each point of the interval, It can be mately
taken only approximately for the whole interval. The result so gb- Fig.7.c
tained is. thus, only approximate. In order to obtain a better result the wid
for the work done we divide the total displacement into a larger Fix)
number of intervals so as to.make the widch of each interval small-
er. As a matter of fact the accuracy of the result depends on the ex- 2

tent to which the width of each interval is made small. A far better
result approaching the exact one is obtained by dividing the dis- |
placement into an infinitely large number of Intervals so as to
make the width of each interval infinitesimally small, An exact re-

Fig.
sult is obtained if N tends to infinity and so Ax tends to zero. Thus 18
we get
N
W = lim ¥ FL\] ) A"ﬁ
N—soc  j3ay
The above stimmation is equivalent to the integral
-“'3 -
[" Fx) dx
X _ .

i~ 202
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’ A
Flx) Ax as follows € eXpression
h‘lh j-;, J
P g, |
JN The force Fix) Is plotted versus x g BT <
b
ok as shown in Fig. 7.5(a). The work done by the force t:r:::la e
| A moves through the first interval s Fix,) Ax, = F (x i € the object
%8 s nearly equal to the area of the first reCtangul;r st;iOb-;musly it
the work done in moving the object through the scconcl; 't ey
idt F(x) A X3 = F [xp) Ax. nterval is
It is approximately equal to the area of the second rectangy
Dite lar strip. The process goes on il we reach the final interval gfor
tth; which the work done is Flxn) Axy = Fixy) Ax. which s nearly equal ,
. be to the area of the final strip. Hence the total work done s approxi- r
*Oh'-. mately equal to the sum of the areas of the rectangular strips |
. Fig.7.5(a). In Fig. 7.5(b) the number of strips is greater and hence i
s the width of each strip i$ smaller than that in Fig.7.5(a).
rger
all i = B S
u.
tter
iis- |
to — i ! .1
re- : ¢ =
u fie. 7.30). Fix) Fig, 7.5(b) '

X2

ol
Fig. 7.5(c) e
Fig; 1.5 (a) Dividing the area into a few strips fach of ’
(b) The strips are narrower and more it i
(c) The strips are only infinitesimal in

203
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':%. e~ Fig. 7.5(c) corresponds to the case when N_, SN
B and ml:‘;vork done in displacing the body from x = SQ thigy e

UMS

1 s :i t.o gl .
S eq I to the area under the curve and bounded b; th:'h N s
Xat

its two limits x, and X,.

_ 7.4 ENERGY
' ' Energy Is the capacity of doing work. Energy 15 assocgy

with the performance of work because the more work that i
the greater the quantity of energy is needed, Work is aj\.,ay:;:

by a force. It means that a body possessing an energy can’
force on any other body to do work. On the other 'hang wh::n
work is done on a body, an equal amount of energy s storeg i lt.a

Kinetic Energy The energy possessed by a body by virtue of its
motion s called kinetic energy K.E. i.e moving ball can brea 2
glass window, a striking hammer can drive a nail and a stone
thrown upward can lift itself against the force of gravity.

To find an expression for K.E of an object in motion we have
to determine the work done by the moving object. Thts work is ob:
viously equal to the change in K.E of the object.

Derivation of Kinetic energy formula

Consider a body of mass m which is projected up in the grav:
itational field with a velocity V. After attaining a maximum heighth
the body comes to rest. The initial kinetic energy of the body Is ¢&
pable of doing work and is used up in doing work agatnst the forct
of gravity. At the maximum height the kinetic energy of the body 18
zero because it is no more capable of doing work against the grat

. tational force. This means that the total work done by the body 52
measure of its initial kinetic energy. '

A s ~1 1
Work done by the body = F . S’ = FScosd [0 =9 cost=!!

= FS = mgh. : :
. e 204 . ',,-';«.ﬂi!'
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el '_ ?f = 0 = final velocity of the body.
Iy by 135 ‘ * = -g = acceleration of the body.
8 = h =madmum height attained by the body

"
‘.

V? = -2¢h or V! =2gh
’ '8

.'hg-—_

2g N
‘Substituting this value of h in the gé}i;p’i'ession for work done
. o) 2 \ X,

\"
total work done = mgh = [@g)‘ X 5% s mV

 Hence the Kinetic eriergy of a body of mass m and moving
vith velocity V is O

\’\

KE (kzneu%@}rm > mv’

\ {3 Qn sl%“ﬁd note that the expression for Kinetic energy is in-
dependent of the way by which it is derived.

w&mﬂm lravelsa distance of 12m in a time interm!ﬂf k 'J
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The Kinetic energy is

1 1 27, 4

= 9.256 x 10™ “Joule
= 5.78 CV
7.5 POTENTIAL ENERGY

When a body is being moved against a field of force, an ener.
£y is stored in it. This energy is called PotenUal Energy? For exam.
ple if we compress a spring. an elastic potential energy is developeg
in it: this energy is stored in it because a work is done in con.
pressing the spring against the elastic force. Similarly when an elec-
tric charge s moved against an electrostatic force, work fs done gp
the charge. This work done is stored in it in the form of electrostat.
ie potential energy. Similarly when a body of mass m is lifted to a
height h against the gravitational force. {weight of the body), work
is done on it. This work is stored in it in the form of gravitational

potential energy.

In order to derive an expression for the gravitational poten-
tial energy at a height (very near to the surface of the earth) consid-
er a ball of mass m which is taken very slowly to the height h as
shown in Fig 7.6. The very slow motion is possible only when the
applied force on the body by an external agency is equal in magnl-
tude to that of the force of gravity that is

F&=mg

where F_ represents the magnitude of the force F,

Under this condition the kinetic energy and the acceleration of the
body is zero. .

Work done by the applied force = W, = P_‘:x o
= W..-_,; - ngho S =hl
= W__=mgh . /

L Smm——
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 Since an external force and the displaceme
oy me same direction. (l.e. 6 = 0, €080 = |) o llklng Place in

Wark done by the gravitational foree W) = Fg_g
[

minus SIgn indicates that the force of gravit _ =S =a
are oppositely directed. ¥ and the displacemen,
Comparing the two equations for work we get
ey, e Ve = W, |
m The work done on a body by an external agency (appl FI
“om external force) against the gravitational force is stored in i:’ll“gt:n
S n the
) form of potential energy and is known as the gravitational potential
eon energy represented by Ug. Thus
Stat. = -
tt: -ta Ug= Wex =-Wg = - (-mgh)
vork | Ringh 7.10
Onal IThus potential energy of a body in the earth's gravitational
fleld at a height h is mgh which is a positive quantity with respect to
e that at the surface of the earth which is supposed to be the level of
S A an arbitrary zero potential energy.
1as | SI unit of gravitational
s g nal potential energy is Joule (J).
e |
_ 7.6 ABSOLUTE P.E .
gn[-
The above expression in Eq.7.10 for the gravitational poten-
Ual energy is the relative potential energy of the body with respect
to some arbitrary zero level, at which the potential energy is not ac-

tually zero. Now we want to find the P.E of a body with respect to a
Point at which P.E s actually zero. Obviously this point is very far
away from the centre of the earth. The P.E of a body at a height h .
from the centre of the earth with respect to the above said point (at
¥hich the gravitational field is zero), is called the absolute PE-

Absolute gravitational potential energy::

~ —__In the derivation of an expression for the relative P.E (mgh): e
207
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-

g,

l"a,vjty ft’

1 -we have assumed that throughout the displacement of th
: from the initial position to the final position, force of g

| mains constant. No doubt the above assumption, for the cop,

i

of the gravitational field, s valid. if the height, to which the :::nq |
displaced. is not large. On the other hand, when we consider p, h
lems involving large displacements (height h) as measureq from y
surface of the earth, e.g in space flights we cannot take the graviy :
tional force as constant. In fact, it decreases with the increase o;' |
height. Hence to calculate the work done (which is a frlgasure of

P.E) against the force of gravity. the simple formula F .S can noy
be applied. '

To overcome this difficulty we divide the entire displacement Inte '
a large number of small displacement Intervals_and applying !
Newton's Law of Gravitation. 'l

In Fig. 7.6, a point B is situated at a very large distance from
the surface of the earth. in the gravitational field. We want to cal- _
culate the work done against force of gravity, in taking a body of |

d
T4

-
5]

seamnme M e
-

Fg:76

| masa lm from an initial position
& nl Wc divide the distance
LS ;siy.noflmervals of equal s

A (or 1) to the final position B or
between A & B Into a large numbef

mall width Ar each.
208
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“The magnitude F, of the force F acting o¢ o .
of the first interval) is given by st

&
Ig;} » acting at point 2 Is giv-

’ o

The average froce acﬁng throughout the first interval

ol R L e b

~ where F represents the magnitude of the average force F

__. o / Gm Me
= =

F + AF.:I‘: \ Y ;
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as Ar is very small, (ar)? is negligibly small

Gm Me [ g 1,7 + 2 Ar " GmMe 2r(r ar)
= 2 rlg r 2 2 rl;"‘;;;--.
Gm Mg
F = |
n n i

The work done in lifting the bod_y from point 1 (position 4] ¢,
point 2, by an applied force, which is equal and oppositeto the av-

erage gravitational force, is given by

W, = l? Er

Since the applicd force 1.‘-‘ and displacement Al r are in the same
direction.

W, =FAr ; " F = |F:.'|.Ar= Igrl |

substituting for F, Ar in the above equation, we get
L A (i_ . .l__)
W,, = (GMem) oM — -

Similarly the work done in lifting the body from point 2 to 3,
LA, covseenoss and so on

1 1
Wy = GMem ("’"" 2 """)

I Ta
1
Wi = GMem ('—‘" e
Hence the total work done by the applied force in lifting the
body from Initial position A to final position B, we get
W saW, + Wit e, + Wi i
1 1 _1__)
-GMem(— - -—) Mem(— - —)+ .+ GMem —:1‘ T,
> . ; 9 |
e L. L.l L LWL ,
Bl I i &Ly &, & n-d n |
g 210 | ﬁ
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 the P.E represented hyU gf ﬁ
8 the poinit & ‘Henoe the patemn
A with respect to that at th i

_ e point B is AU = S
& . =GMem | — - —
~ ’ ES et ( Y, n.J

SR @ - GMem ('fn - F;)

when the point B lies at an infinite distance le. r = o ths

P.E. at that point is zero (this point becomes reference point) then
GMem N3

r, | 7.11 (a)

assjin:ing an arbitrary value to {5 (i.e.. r, = r).the Eq. 17.11 {a)
can be :

U= (BE)gp, = -

GMem
T 7.11 (b)

Therefore the absolute RE of a body of mass m lying at the
urface of the earth is given by

- 7.12
R : )

U= mmabs": g

~ Where R, is the radius of earth

, 0_ __ Th::minu_s sign indicates that the potential energy is ncga-
any [inite distance that is the potential energy is zero at in
d decreases as the separation distance decreases. Thisis
' ‘fzfact%thal the gravitational force acting on the particleby
i$ allractive. As the particle moves in from infinity, the B

Posilive which means U is negative.

n-
-l o\

value af the absolute potential
ove the surface of the earth
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e have neglected higher order terms and theQ

‘ 0y
m _M“..RE) w\,\)o

| ' INTERCONVERSION OF P. E;A&‘D K.E
BFREELY FALLING BODY)Q.2

~ Constder a body of mass @aced at a point P which isata
ght h measured from the &l@face of the earth. The body pos-

- a gavﬂaﬂonal pote@ energy, P.E; equal to mgh with re-
S O lying o\rgihe surface of the earth. We assmm

-

e o

?""‘."""“'*;
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,r“f 1{'

mam
rce x beloy mpm:cw
_.;-mmnmmmmm-nmmd
:-_Whl.e.m; (h-x) < mgh. This means that the body b
lost P.E by an amount mg x. Where has P.E gone? The Mb
mﬂmuaﬂoﬂm
',',r'.
’l' e mbodyalPhaszcroKEbecause!thatrmM.ﬁ-

- downward motion, its velocity Increases and so the N increase
~ in KE. We assume that there is no force of fricts d during

- the motion of the body thus the loss of P.E gwbeequalwm
~ galn in K.E L.e. the P.E is being converted l&ﬂ
X/

Eventually when the body rcachcsj\fst above the point O, its
P.E Is nearly zero i.e whole of Its P\E {s converted Into KE. It

means that at every point, durlrg the fall of the body, assuming
that there is no friction, we hav,c. =

Loss of P.E = Gain i;} K.\E:

In practice thcrc\@ always a force of friction f, say opposing
the downward moug}vof the body. Here a fraction of the P.E is

used up In doing work against the force of friction. Thus a modified
form of the a? equation is

ma E = Gainin K.E + work done against friction
OF In KE = Loss of P.E - work done against friction

amgx 4%
3 !hllsawragdﬂcﬁonalforcean& lfxtsteplaeedhyh
.k mmmx.mcmgh th 15)
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* of energy. On the other hand in nuclear reactions
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AL M

destroyed, It can only be transformed from one form tq

loss in one form of energy s accompanied by an cqual . Y
the other forms of energy. The total energy remaing cOnst:rea.e n
nt.

Let us elaborate the above statement. Energy
created means one cannot produce energy by e_xpcndmc;nmt be
We get energy only by expending something appropriate. ::nmin&
we can not destroy energy. We get something equival

" : ent in retum
{ we annihilate it. Patr production is a good example o

f annihllatmn

(fission and fi;.

sion) energy is created at the cost of mass. If m is the mass annihi
lated, then according to Einstein's famous mass-energy relation
the energy produced is i

E = mc
where ¢ is the velocity of light in vacuum.

The law of conservation of energy is universally accepted be-
cause there is not a single example in which it {s contradicted. Al-
though the law seems to be very simple but its implication is very
important. For example if one says that a machine can be invent-
ed. which works without expenditure of energy or fuel, we will im-
mediately discard his statement because in every real machine
there is always a force of friction which must be overcome by ex-

penditure of energy.

The law. of conservation of mechanical energy (Kinetic and
potential) is a particular case of the general law of conservation of
energy. Here Interconversion of potential and Kinetic energies
takes place.

With reference to the problem of a freely falling body as dis-
cussed in section 7.5, the relative potential and the Kinetic ener”
gies at the point ‘P’ are given as.

PE = mgh, KE=0
*« P.E.+KE. =mgh

214
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i':ll:-“ ,Ilr.,ul.l h_-\. L.__y

‘ vl Sagh - . .
are V, = initial velocity (at P) = 0
| Vf = final velocity (at 0) =
%o 49 gh &
l :

L 3
L N/

The potential energy at ‘O’ is taken arbitrarily equal to zero
h respect to which the potential’energy at the point P is mgh.

P.E + K.E = mgh

We now calculate Hue potential and Kinetic energy at any
point Qata distancqx«btlow the point P.

PE'= mg\‘@ TR -’é-

The %’wty V is calculated in sinular manner as before h, is
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~ If we measure the velocity of the body just before it toughe, '
the ground and calculate the corresponding.kinetic energy: wa
find that the measured, kinetic energy (say, 'zlz' mV’) at the boy.
tom is not equal to the potential energy mgh at the top, that
o is, -i-mV’c mgh. One may think that perhaps the conservation o
] of energy is violated. This statement Is not correct. The apparen,
violation is due to the fact that we have not taken into account the
force of friction which acts on the falling body. Work is dope
against the force of friction for which energy is required. This ener-
f gy comes from the initial potential energy of the body. When this
! work is added to the measured kinetic energy. the sum is always
equal to the initial potential energy of the body at the top.

Examples of conservation of energy from every day life:

(i When we switch on our electric bulbs, their filamants
are heated up and begin to emit light. In switching on
the bulb we supply electrical energy toit. It is converted
into heat and light energies. Here one form of energy
(electrical energy) transforms into another forms (heat:
znd light) of energies. But the electrical energy sup-
plied is equal to the sum of the heat and light energies.
In this example the energy is neither created nor de-
stroyed. :

(1) Fossil fuels e.g. coal and petrol are stores of chemical
energy. When they bum, chemical encrgy Is converted
into heat energy. that is,

chemical energy = Heat energy + 10ss¢s.

) i i Ty T -

| (i) The heat energy present In the steam of a boller devel: ~
ops such a large pressure that it drives a steam engin¢
Here heat energy is converted into kinetic energy (me-

chanical energy). that is, !
Heat energy = Mechanical energy + 108565+
=
216
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(v} In rubbing our hands we do mechanical work which

t enc"@. t-ha.t is,
= Heat energy + Losses,
7.9 VARIOUS SOURCES OF ENERGY

Mechanical energy

So far we have discussed the KE & PE. There are many other
forms of energy extracted from different Sources e.g. Wind energy
Hydro electricity. Chemical energy, Fossil-fuel energy, Nuclear en-

ergy. Geothermal energy, Solar energy ,Tidal energy etc. We
give a brief description of each as follows. ,

“&: (1) Wind Energy (Wind Power)

The source of this energy is the wind. This energy is used In
m running flour mills. In Karachi near Suhrab Goth you can see a
Ng on wind mill for drawing underground water.
verted
nergy (i) Hydro electricity (Water Power)
(heat ‘Mangla dam, Tarbela dam and other dams in our country
sup- are used to produce electrical enecrgy. Their prime function, is to
gies. | retain river water so that it can be shuttled off to a water turbine
r de- that drives an electrical generator. The principle involves a way of

supplying power to a generator other than by a steam turbine.

(i) Fossil Fuel

Fossil fuels are remnants of plants and animals which died
millions of years ago. Dependlng on the conditions of formation,
the fuel can be liquid (crude oil), gaseous (natural gas), or soild
[m-mat.lignilc). Coal is being used by man since long as a source
of energy. In present age the main source of energy is gasoline.
Fossil fuel 1s used for running machines for driving engines etc.

) - Nuclear Energy

The nuclear energy s produced due to the fission of 2 a_“_f

217
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nucleus. If fission reaction occurs in a controlled manner lin . re _
actor), the nuclear energy is used to produce electrical M A
nuclear reactor is working in Karachi to generate electrica) Power,
The energy thus produced is more economical and non Polluung It
fission reaction is uricontrolled the enormous e€nergy produceq y,
the form of heat causes heavy destruction. The destruction of 4,

pan due to it is a tragic example.

" Fusion reaction, If uncontrulled can cause much more de.
struction than that caused by fission reaction. On the omcr_hand
controlled fusion reaction (CFR) may generate enormous amount of
energy for useful purpose for which the scientists are working all

over the world

(v} Geothermal Energy

Geothermal energy is the earth’s natural heat. Heat, in fact,
conducted out from the interior of thesurface of planet (earth) at a
rate of approximately 1.5 p cal/cm’~s and over a time interval of a
year, this flux to the entire surface 1020 cal. D.E. White and D.L.
William estimated that the heat stored in rock beneath the USAto
a depth of 10km is of the order of 8 x10%* cal. Of course, a lot of
this heat is not usable. Practically, heat must be concentrated in
geothermal reservoirs where it is to be exploitable. It is interesting
to obser\.re. however, that in the upper 10 km (when the tempera-
ture exceeds 100°¢) the total stored geothermal energy exceeds, by
order oft}magnltude. all thermal energy available in all nuclear and

fossil fuel sources.

The man is aware of hot springs, water of which have beent
heated by hot rocks. Boric acid and other chemicals are extracted
from the steam Jets in Italy as early as 1700 A.D. Larderello Cﬂ“"
pany produced electricity in 1904 using natural steam for the gen
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| ol ng.r energy is by far our most available ener@ source. Our
lives absolutely depend on it for food production and wre call on {t -
for a mulutude of things ranging from sun tanning to clothes dry-
ing. smgrenery _cpuld make a major impact on our energy econo-
my m. pmvidfrfg Space heating, space cooling, and hot water bufld-
ing (2 révidlnésslean fuels and (3) generating electricity by solar
cells. '

(vi) Tdal Energy ‘ IO

The thought of harnessing the enormous energy content of both
the ocean and tides have pervaded the minds of human being for

centuries. The tides have their origin in the gravitational force ex-
erted on the earth by the moon and the sun, Water-powered mills
operating from tidal motion were used in"New England in the 18th
century. Sewage pumps functioned in Germany and London by us-

ing tidal power. These systems were replaced by the more economi-
cal and convenient electric motors.

Although no source exists that renders less environmental
damage, tidal energy is difficult to hamess and marginally econom-
fcal.

The fossil fuel 15 used as the main source of energy in Paki-
stan. It requires a huge amount of foreign exchange to import it.
Due to its burning environmental damage is done on a very high
scale. The Hydro electric generation is also limited and also costly. |
For our present and future needs we must provide indigenous |
:::gﬁactor to generate electrical power. Along with solar energy '-
should be exploited to a greater extent. Solar energy is ideal source |
of energy to get rid of pollution. Solar energy is available in most of |
the parts of Pakistan thrcughout the year.

. Solved examples. .
) Aperson pushes a toy car, initially at rest, towards a child

" 1K
S
—|_.I |
-
-

by exerting a constant horizontal force F of magnitude w”

. T Ll

I 2
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K=Ko+W=0+5J=5J.

_ (c) The final kinetic energy is

K ) md
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wm-u ~-U, =mg h,- h,) 0\'
| ButmgﬂOOON and h,-h, -300!11\23’5?”

AU =7000 Nx (300m) 4{3
= 21000004 ‘\,9

}
= 4
2-! x Io J "\

\
W

4
3
o W4

7\\
Calculate the work dom.fgy a force F specified by
=31 + 4] + i}éﬁ: 4

in dlsplacmS Bg\body from position B to position A along a

e straight & ¢ position vectors A & B are respectively giv-
~_enas

. é‘( + Sj - 2k

‘ A

-7! +3f - sk
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% 2.74x10° hﬁ,
A']mrse pulls a cart horizontally with | a\force of 40 1b at aﬁ
angle of 30° above the horizontal and moves along at a speed 1

l ~fef6£miles/hr (a) How much wmr-k does the horse do in l& ‘"

lT ‘minutes ? (b) What is the powert)ut put of the horse ?

\\»(Ans 1.8 x10° ft. Ib (b) 0.55 hp)..

: that the work done on the body as a
. in termsofvf andg:is -
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& i e, Chapter: 8
o AN Wave Motion

and Sound

1s.i,
) 8.1 VIBRATORY MOTION
5 :
M
e |
. po“'er In our surrounding we come across many things which
un dergo oscillatory or vibratory motion. Some examples are the
- motion of a pendulum, Prongs of a tuning fork when struck  sj-
) hpl. tar's string when plucked, etc. A weight attached to a stretched
spring, once it is released, starts oscillating. The atoms In a solid
at an possess vibratory motion, Similarly, atoms in molecules also vi-
Speeg brate relative to each other, The clectrons in a radiating or receiy-
n 1 ing antenna are in rapid oscillations. An understanding of vih.
ratjonal motion s essential tor the discussion of wave phenomena
hp) 8.2 MOTION UNDER ELASTIC RESTORING FORCE
; (HOOKE'S LAWY
peed An important type of motion occurs when the force acting on
as a | a body is directly proportional to the displacement of the body
) measured from its equilibriu

M positon. Since this force acts only
toward the equilibrium positi

| ' on, the result is a back-and-forth mo- -
! ton called simple harmonic motion. Consider a body of mass m,

attached to a horizontal helica Spring Fig.8.1. The whole system is
Placed on a horizontal, smooth surface. If the spring is stretched or
Compressed. a small distance from its equilibrium position, and

then released, the spring will exert a force on the body given by
Fs = -ix 8.1

:-;herc.x Is the displacement of the body from lts.cquIMbnum posi-
t : and k is a positive constant, known as the force constant of
SPring. The-above equation is the mathematical statement of

223
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- what Is known as Hooke's law. The negative sign lndicateg m
force exerted by the spring on the body 1s always directed o
ta the displacement. For example, when x Is greater than zm &2 ‘% B

g.8.1 (a), the spring force is to the left that Is negative, Whe ﬂ‘; ;
less than zero as in Fig.8.1(c), the spring force is to the right 4.
1s positive. No doubt, when x = 0, as In Fig.8.1(b), the SPring s ney.
ther stretched nor compressed and Fs = 0. As spring foree always
(R tends to restore than original condition of the spring, it i some
- times called a restoring force or more correctly elastic restonng

force. : ~\ N

o l [+ x>0 F,<0 DY
X v

x=0

Fig. 8.1 The force of spring on a mass varies with the displacement of the
mass from the equilibrium position x = 0.

(a) When x is positive (stretched spring, the spring force is to the left

(b) When x is zero (unstretched spring), the spring force is zero.

(c) When x is negative (compressed spring), the spring force is to the right.

Once the mass- Is displaced to some distance x,, (within elas- f

tic limit) frommullibrium position and then released, it will move 2

from the @s’mon “Xm through 0 to + x,, position. This system will :

| ‘ emﬂnu‘t?fo oscillate back and forth about its equilibrium position. .
s During the oscillatory motion between two extreme positions
- when the body passes through the equilibrium position, the total

Wls kinetic. The potential energy is zero because the spring!s -
m.tfhe unstretched condition. As the body moves to the right or tolt. ¢

m the aqulllbrium position its potential energy begins to m“- -
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" force comes into play and the body begins to move towards the
equilibrium position. During this motion from extreme position to
the equilibrium position. the kinetic energy increases at the cost of
potmﬁal energy till the total energy is kinetic, at the equilibrium,
the _potcntial energy being zero. Due to tnert;a. the body then
" moves to the extreme position from the equilibrium position and
the process is repeated for infinitely long time provided there is no
Joss of energy due to any internal or external factors. Using New-

ton’s second law of motion, F = ma, the restoring force of the

spring Is given as
Fs = ma=- kx
or a= - —r-:-— X (8.2)

= - constant x x

' or acl-x
Where the quantity (k/m) represénts the constant of proportionali-
ty. Minus sign shows that the acceleration is always directed to-
wards the equilibrium position. This back and forth (oscillatory)
motion in which the instantaneous acceleration is proportional to
the displacement of the oscillating body is called a simple harmon-
fe motion. It is abbreviated as SHM

8.3 CHARACTERISTICS OF SHM

Beéfore we derive expressions for displacement, velocity, ac-
celeration and time period of a particle executing SHM, we cOm-
»@re SHM with uniform circular motion.

S

The connection between uniform circular motion and SHM
‘Many. aspects of simple harmonic motion along a straight
line can be better understood and visualized by showing their rela-
tionship to uniform circular motion. Consider a point mass, m;:;‘ f
point P moving in a circle of radius X, with constant angula!: g’
ty @ Fig.8.2 (a). We call this circle as our reference circle for 777,

225
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As the particle at point P rotates aJong thc i‘:lrcumfercm* of ; g
circle, the projection. Q. of the particle, P, roves back and &MilJ
‘along the diameter AOB. At come Instant of time t, ti2 angle be-

tween OP and the x-axis is wt + ®, When & is the angl: which OP

makes with the x-axis at time t =0 This angle ¢ is known as the
.' mlphasc angle. We take this-as our reference point for measur-
ing angular displacement, As the particle P rotates on the ctrcle. |
| _mm that OP makeswith the x-axis changes with time and the
rojection of P on thex{ax!s moves back and forth along the diameter

right angled triangle OPQ. the displacement i

he mean poslllon Is given by o

(a) that we take x to be positive when displace
m tm dmplacement is to the left, cmtﬁt
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+ =0

Fig. 8.3 Displacement as a function of time for a particle undergoing simple
harmonic motion. There is a time interval T (The period) between any two sue.
cessive corresponding point on the curve.

First we note that x,, called the amplitude of motion, is sim-
ply the maximum displacement of the particle, in elther positive or
negative direction of the axis of x. The constant angle ¢ is called
the phase constant or phase angle. The constant ¢ tells us what the
angular displacement was at the time t = 0. The quantity (ot+¢) is

called the phase of the motion. We also note here that the function
x is periodic and repeats-itself when ®t increases by 2N radians.

The time T which the partielé takes to go through one full cy-

cle of its motion is called the period or time period. This means the
value of x at time t is equal to the value of x at time (t+T). We

will show here that the period of the motion is given by T=2x/.

We know that the phase increases by 2r radians as t in-

creases by T, then

Ot+¢+2n=w(t + T) + ¢

# @T=2r orT= 2L 8.4
*\
AN The inverse of the period T. is known as the frequency of

Oscillatory motion, f. The frequency represents the number of -
oscillations / vibration which the particle makes in one second, i.e.

o X ; 85

=1l - O
f=— =

2n
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"-." & %m 9p = x, @ represents the lineaf speed of t!w

. j:'- i

is _:gqu_al to the component of the acceleration P akmg

by F’i_g.8.2 (b)

Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com

8.10 ()

8.10(c)
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( _r.'s;‘lacement 1s-2--kx XX =
red in it in the form of P.E. Thus the P.E of
displacement x from equilibrium pos@én is ¢

&,
m\,)

om the equation it is clear that the P E is maximum j
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= Constant

. ,{ Eq. 8.11(d) shows that the total energy of the mas‘sx&écuﬁng

;sq;onsuved throughout its displacement mcludla} ean and
Bl ¢ Ve
_ F’inal:ly. we shall now define some impgﬁaﬁ{tems used fre-
r My when dealing with simple harmonic.motion (SHM).
‘f <\.
o

" . {1) Perfodic motion:
g - Amotion which repeats itself. l‘ziéqual Interval of time Is called
- perlodic motion. If the motion |s. described by a perfodic function

(1) with period T, then
- f{=fltenT), O

'\<“V'/

Wheren =0, 1:2.3
\\’;

Cy. It is represented by a Greek letter (v) read as 'nu’.
' 'a»s-vlbmtions/s or cycles/s or hertz (Hy). The redg-
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4 A simple pendulum of length L The net force on the pendulum babl& _
;clor sum of the gravitational force FG and the tension in the stringT.

ferring to Fig.8.4 there are two forces acting on the pendu-

m the Mcally downwar@ gravitauonal force, FG = mg ‘and
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Pl ]

Al MT Hgnce the magnitude of the net force actin

"~ Fpet = Mg sin0 gon the bob is

This is the restoring force which is responsible for the oscil
!' Jatory motion of the bob. The displacement, X, is the distanc;
. through which the bob moves along the arc (traced by the bob)

starting from A, the displacement of the hole atBis x =

: 16. where 8
s measured In radians.

Using Newton's second law of motion and assuming

Fret=F.
the equation of motion of the bob is given as '

F = ma = - mg sinf

a=-gsind

The negative sign indicates that the force and hence acceler-
ation are always directed towards the mean position. If 8 is suffi-
ciently small (less than about 5 degrees) then

sinb = ©

T

=
l

substituting for sinf, we write

az_g__;i

a

s Tg" x 8.12

where (g/1)is constant of proportionality

Thus the acceleration of the pendulum is directly proportion-
| al to its displacement and is directed towards its mean position.
i Hence the pendulum executes SHM.

Comparing Eq. 8.8(b) and Eq 8.12 and using Eq 8.9 (a). we .

m’: _g..
l

—
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..l = 88.2cm =88.2Xx 10%m

' s . - _ T . ? | |

s g | ’{’,:} . !
oo L : T = 4R i 4 \5 * o
R i g «‘. v v 1 1 'I

Fo - 88.2x10% (m) . | |
- = 2x3.14 { } ' 2 | | 1
9.81m/s”) : B

= 1.885s
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GENERATION SF‘A WAVE PULSE.

dssturbance travelling through a system &

ngle isol
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of the medium (string) move up and down in a direc
a]ar to the direction of propagation of the wave puls

T ?‘ﬁ%ﬁ* ¥
| % { }

v

tion perpendie.
e.

ﬁ——_——

Fig. 8.5 in a transverse wave the particles of the medium (string) vibrate at
right angles to the direction in which the wave itself is propagated.

The shape of the disturbed part of the string contalr-ling the
wave pulse can be described ata given time mathematically by a
wave function f (x) such that

y = f(x)

Here y is the vertical displacement of a parﬂcle' from its equi-
librium position and x is the horizontal distance of the particle
from the point where the displacement y is zero. Hence x, y are the

coordinates of the particle. Since the wave pulse is moving along
the string, its position is changing continuously with time. Hence
the location of the wave pulse depends on time. Thus the shape of
the wave pulse with its location can be given by the function f(x.t)
such that

.y=1ixt)

and is called wave function.

8.7 TRAVELLING WAVES

Itis a common experience that disturbance IS €re

235
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‘water of a pond. when a pebble is dropped into it. ‘i‘hls disturbance

produces waves on water, which move outward, finalty “m:h,n‘
the shore of the pond. If we observe carefully the motion of a leaf
floating near the disturbance, we would find that it moves up and
down and side ways about its original position, but it does not yn.
dergo any net displacement. This is, the wave on water (or the dis.
turbance which moves from one place to another, yet the water (s
not carried with it. Fig.8.6 (d) shows such a wave on water. In this
case point A would correspond to the crest of the wave and point B
would correspond to the trough of the wave.

These waves produced on the surface of water are Known as
travelling waves. A travelling wave can also be produced on a string
by connecting one end of the string to a vibrating blade. As the
blade oscillates with simple harmonic motion, every segment of the
string can be treated as a simple harmonic oscillator vibrating with
a frequency equal to the frequency of vibration of the blade that
drives the string.

A wave is characterized by three important physical con-
cepts, the wave length, the frequency and the speed of the wave.
The wave length is defined as the distance between any two points
on a wave that behave identically. For example, in the case of
waves on water, the wave-length is the distance between the adja-
cent crests or between adjacent troughs.

Every wave travels with a certain velocity which depends on
the properties of the medium through which the wave is propagat-

ing. For examples, the sound waves travel through air with a speed
about 344 m/s at 20°C, whereas the speed of sound through solid
is higher than this value. A special class of waves which do not
need a material medium for their propagation are electromagncti;:
waves. they travel through a vacuum with a speed of about 3 X 10
m/s.

The frequency and the time period have already been defined

in section 8.4.
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qai-WSVERSE WAVE

Consider a long rope under

tension as shown in Fig. 8.6 (1)

on- :
e one of its end is flipped to produce a wave In it. A portion of wave |s

A produced this manner. The wave consists of a hump called pulse
of in the rope. This pulse travels to the right along the rope with a
definite velocity. This type of disturbance is obviously a travelling
wave. Fig. 8.6 (b) gives four consecutive snap shots of the travelling
wave. In this case, the string is the medium through which the wave
on travels. We further assume that the shape of wave pulse remains

ja-

::: unchanged while the wave travels along the rope. L
o trawmilt: a;:an be seen from the Fig 8.6 (¢) that as the wave pulse
ot A ong the rope, each segment of the rope, which s dis-
2 tu;tbed. moves In a direction perpendicular to the wave motion.
* Note that there is no motion in any part of rope in the direction of

the wave Propagation. A travelling wave such as this, in which the

d 3::1 ::es of the disturbed medium move perpendicular to the direc-

C | Propagation of the wave is called a transverse waves, Other

) ;’;":p:cs of transverse waves are-electromagnetic waves, such as
adlo, and, television waves, etc.

| —
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tr:zz ::i.leggia simple mathematical treatment of one dimentiae .
e velling waves. Conslder a wave pulse Whltg,%
travelling to the right on a long stretched string with 5 const | h
Speed v as shown in Fig.8.7. The pulse travels along the x. tant"
and the transverse displacement of the string is measureq al v
axis. Fig.8.7 (a) gives the shape and position of the puise a¢
The shape of the pulse is represented as Y = f (x). Here yi
tion of x. The maximum displaecment denoted by Ymax isﬁgfﬁned the b
plitude of the wave. The distance travelled by the pu}se ‘m tim.e t.

ongy.
time ¢,

i i)

Fig. 8.7 (a) The shape of a strin in th: casc;
. ap apulse) att = 0. (b) Ata
later time ¢t the pulse has travelled to the right a distance x = vt{ :

o

YV

- " Fig. &{\/ﬂb) Suppose the shape of the pulse does not change
g .m;lder s condition we can represent the displacement Y for allthe
., .Iate.l'-@ne measured in a stationary frame with the origihatOas

Yy = lx + vt) 8.14 (a)

& Stmllarly if the wave pulse is travelhng to the left, 1t &

-
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Consider a particular point P on the string, identified by
particular value of the co-ordinates x and t. As the wave -pas“:
the point P, the y coordinate of this point will increase, attain a
maximum value and then decreases to zero. Therefore the wave
function gives y co-ordinate of point at any time t. Furthermore.

. §ft is fixed then the wave function y as a function of X, defines a
curve representing actual shape of the pulse at this time. This
Is equivalent to a "snapshot” of the wave at this time.

To find the velocity of the pulse we can calculate how far its crest
moves in a short time and then divide this distance by the interval.
The crest of the pulse corresponds to.that point for which y is
maximum. In order to follow the motion of the crest, some particular
value, say X,, must be substitutedfor {x - ¢t). In order to stay with
the crest, we must have x - U1 = X,, no maiter how x and t change.
This gives the equation of motion of the crest. Putting t = O in the

above equation, x = X, and at later time dt, the crest is found at a

distance x = X, + Udi: Thus the distance covered by the crest in

time dt is clearly dx = %, + ¥dt - Xo= ¥dt. Thus the wave speeds

which is also often referred to as the phase velocity as given by

| P = %
ge | |
he (" The phase velocity must not be confused with the transverse
as @loclty of a particle in the medium.
) Water waves in ripple tank:
5 S ‘ + When a stone is dropped into a smooth pond Fig.S.BUI:;
& f- (SR disturbance is produced. The disturbance extends over the suriac
!-) f )
— — i
4 I 239
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of water In the form of circles centered at the place where the

“was dropped. As a matter of fact when the stone hits the wate
face, it forces the latter downwards and 80 produces a ¢e

(through), with a hump (crest) all around it.

The water regains its original position due to the difference of
pressure so produced, but then instead of remaining at rest it over-
shoots this position because of its inertia, just as does a pendulum
when pulled to one side of its equilibrium position Fig.8.8(b). Thus
a circular ridge is formed. This expands into a large circle and is

followed by a second circular ridge which expands and so on. The

result is that the surface is soon covered with a series of circular
crest. separated by circular troughs, all moving away from the cen-

" tre of disturbance. Water waves can be producé by using a ripple

tank showﬂn Fig.8.9.

’élﬂ ltS simplest form the ripple tank consists of a sheet of
glass round the edges of which a beach is formed so that shallow
layer of water may be held on the glass The shelving of beach
helps to reduce the unwanted reflection of the waves from the sides

of the tank. A bright electric.lamp is placed below the tank and this
forms shadow of the waves on the screen if above the tank @ mire _
. m hwnned at 45 is placed so as to reflect the light on to “‘e {
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Slog
' &9
6 volts
VAN
Flig. 8.9 The tmage of the waves is seen on the screen which is Just a plece of '
white drawing paper placed under the ripple tank. ;
of First we dip a finger or a pencil in the water and notice
er- that the circular waves spread out from it whenever it moves i
im slightly. If the finger is dipped in and out regularly at the same *r
us place, waves consisting of altemate cresifs and troughs follow one t
is another at regular distances. The distance from one crest to next ‘-
he one is called the wave length.
ar
- If the finger 4s replaced by a dipp_r fixed to a vibrating steel F
;Ie strip, this will make the dippings occur at perfectly regular inter- ‘
vals and, further, these intervals can readily be altered by altering ‘
the length of the vibrating strip. ]
of :
- ‘The state of affair set up on the water surface is called a wave
h motion, and three important terms are used to define it completely. E
" These are velocity, wave length and frequency. We know that the
ﬁ frequency 1s the number of complete waves produced each second.
x 0 our example, 1t 1s the number of in and out movements made by
IIG the dipper in one second. One 1n and out movement of the dipper is
called one complete vibraton.
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:* N By the time the dipper is entering the water for the & L
: tlme S0 as to produce a second trough, the trough mw‘:&“‘ *
*  first “dip” will have travelled a certdin distance and thys distar. "h‘
clearly one wave length. Thus, during one vibration of e dipren |
the wavefronts travel outward a distance of one wavelength m& .
from the centre. T
In one second the total distance a wavefront travels wy be
the wavelength multiplied by the number of vibrations per seconq,
Now the distance a wave travels in one second is the velocity o(ge
wave and hence we have
Velocity of wave(9) = frequency (v) x waelength (). F
24
9 = VA (8.16) of t
knowing the frequency and wavelength, the velocity of wave str
can be calculated. str
8.10 ENERGY IN WAVES S
the
All mechanical waves travel through a medium, they carry energy e
with them and hence they are also called carriers of energy. This is easily
demonstrated by having a'weight on a stretched string and then sending
a pulse down the string as shown in Fig. 8.10 (a). When the pulse meets o
the weight, the weight will be momentarily displaced as shown m Fig. v
8.10 (b). Actually in this process energy Is transferred to the welghtsince s
work must be done in moving it upward Le. work 1s done at the costofl :c
encry%{&lch is defined as the capability of doing work. | hi
< e
We describe here the state at which energy is carried alonga
string. We consider a sinusotdal wave (Harmonic wave) and calcu®
late the power for this one dimensional wave.
Consider a harmonic wave travelling along a string Fig.8.10 &

@ The source of the energy is some external agent at the left end

"
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Flg 8. IO The screen which is just a plece of white drawing paper placed
under the ripple trank.

of the srting, which does work in producing the oscillation in the ;
e string. The points P.Q and R represent various segments of the
string which move vertically. The wave moves a distance equal to
one wavelength 4, in a time T. To determine power transmitted by
‘ the wave, we first calculate the energy contained in one wavelength
| and divide the result by the time T. :

y

. J} We know that ¢very point on the string moves vertically up ]
3 or down. Thus every segment of equal mass has the same total E
's energy. The energy of the segment at P is entirely potential energy ;
: since the segment is momentarily stationary. The energy of the '
;- segment at Q is entlrely kinetic energy and segment at R has both

kinetie-and potential energles. Now consider the segment @, which
has a maximum transverse velocity (8,) max and mass A m. The total
energy of this segment s given by
| 8.17
8 = 7 Am(d,) ey _
t | The power, P, of the wave is obtained by dividing the above

€Xpression for A E by the time persod T.
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N =

P = ! "ow’ 2
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T o 8'18

.

A
Where 9 = T is the velocity of the wave and p 1s mass pe,
unit length of the string '

The above equation shows the power ti'ansmllted by har.
monic waves produced on a string s proportional to ’

(i} the velocity of the wave (i) the square of the frequency
and (iifj the square of the amplitude. In fact, all'the harmonic
waves have the following general properties. fi

The power transmitted by any harmonic wave is proportional le
to the square of the frequency-and to the square of the amplitude.
It should be noted here that energy is not carried by only mechani-
cal waves (waves in a string, water waves, sound waves etc), it is o~

« 1

also carried by electro-magnetic waves like light waves, micro waves,
radio waves, thermal radiation, etc. The energy carried by electro-
magnetic waves also depends directly upon their frequencies. This
means high frequency waves have more energy than low frequency
waves. For example, energy carried by ultra vidlet light is much
greater than those carried by infra-red light because the frequencics
of ultra-violet light are much greater than those of infra-red light.

8.11 STANDING WAVES

If one end of a string, preferably a thick rubber, is fixed tod
wall and the other end is held in.the hand, wave can be set qp
along the string when streched and flicked upward. This pulse
which fs in the form of a crest is reflected at the fixed end a“d _. n
passes back along the string. The crest is reversed on "’necw ‘;
and becomes a trough as shown in Fig.8.11. |

Qo o ¢
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| Incident pulge
; (a)

_ ' “n
S & N
, ' NS

DE;- (c)

(d) <«==__Reflected
ar. , pulse

Fig. 8.11 The reflection of a travelling wave at the fixed ;nd
string. Note that the reflected pulse is inverted, but it o€ Y hetched
o S d, its shape remains the

e | However, when the string is Ughtly stretched between two
fixed supports and then plucked, the crest extends the whole dis-

3 tance between the supports. This distance {8 clearty half the wave-

o length of the transverse wave developed in the string as shown in

5 F1g.8.12. At each end, the wave suffers a phase change. The crest

= _ W, on reflection at Q becomes a trough W, and the trough W, be-

comes crest W, on reflection at P,

S,

i

is

cy

*h

| | 6. 81 . . : R
B e o i 2 rtned s ik
| ’ This simple vibration of a string consists of a transverse
i Wa\"! Passing along the string and being reflected at each end in

{ | p“;:d:t :m t!:,e mm;nt and reflected waves are always cqual tn am-

C e pposi mphascandso@cmdhmumaryand“ |

4 _ we call a stationary wave or standing wave in the string.

d nodg.m point where displacement is maximum is called anti-

0.’ ol w:’:noted by A. And that where the displacement is minimum
7 18 called a node denoted by N.

- . il h_
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.-..L?Iﬂﬂ sin (kx - ot) and y, = A_ sin (kx + ot)

~ Where y, represents displacement of a wave tmvem:@
e right taken as our incident wave and Y, represents displace-
_ ml of a wave travelling to the left, which s our reﬂ |
h TI -” mmmnt wave function Y is given by <\
8 : </
&

Y=Y, + ¥, =4, sin (kx - wi) + A, sin[kJHé’

. Where k = 27/A and o = 2xf. Using thé~trigonomctric identt-
- ,L’mm get

L
o W4
&
g,

{ L Y r

Y = (24, sin ko cos wt A . 8.19 ,I
»3\/
- This expression rcpresqﬁs the wave function of a standing

ave which is entirely dlrtggont from the expression which s used
>ribe a travelling\ﬂ.rmonic wave, From this expression, itis
s that a st@\g wave has an angular velocity @ (a con=
and an a tude given by 2A sin kx. 'Ihismeansevwm,‘ E
string vibrates In SHM with same frequency . Howeve
| af the motion of a given particle depends on mlm.
rast to the situation involving a travelling M
| particles oscillate with the same amm
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PR ce k = =37 the maximum ampyy,, oints calleq
" _odes - (also mentioned earlier), given bypu tide;polnts cail ant.
: 3A
%= 1 . . - B Eres 2—'
- i el - 8.20 )

Wheren = 1, 3. 5 ... It Is to be noted that anti-nodes are
e sep-

 arated by a distance of A/2. Similarly the standing wave has
jmum amplitude points when stn kx = 0 6r when Gy

kx =07, 2%, 3= -~ - -7 K | | 8.2
i -211{a)
substituting for k = % - InEq.8.21 (a) we get

A A ni
x 0 e racan — el
0, . A . 821b)

Whtre n = 1,2.3..... T‘ricsc points.of 2ero amplitude called
nodes, are also separated by 3 - The distance between a node and

an antinode is 3;- ]

8.12 FUNDAMENTAL FREQUENCY AND HARMONICS

We conslder a stretched string of length L fixed at both
ends as shown in Fig, 8.13 (a). Standing waves are set up by a
continuous superposition of waves Incident and reflected from the
ends. The string has a number of natural patterns of vibrations
;:lled normal modes (as shown in Fig. 8.13 a,b,¢, and d), Each of
ea:lsl:/r Znaf:]sa tf;z:.s a characteristic frequency, The frequencies are

@15 to be noted that the ends of the string must always be
gr:lrl::causc they are fixed, If the string is disglaced at thcymld-
L apd released, the vibration is as shown in Fig. 8.13 (a). in
thls case, the middle point of the string has the maximum dis-
iy t, called anti-node. For this normal mode of vibration, the
L - °f the String is equal to 32:!- which is distance between two
 ____ouring nodes. Since the length of the string is L, so we have
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F1g.8.13 Standing waves on a stretched string. All such waves must haye
nodes at the termination polints.
L= 11 /2 | f1
or A,=2L
If f is the frequency of fundamental mode of vibration and 9
is velocity of the wave then we have g
O 3
f; = v
L T |
C
The frequency so obtained is called the i‘undamental frequency b
or the first hamonic of the standing wave. | o
| o1
The same string may be made to give out next higher order | P
frequency instead of the fundamental, without altering the length | p;
NJ ' s
of the string. This is done as follows: | be
A feather or a finger is very lighly pressed at a point hall way g
b:tween the middle point and the end of the string. The mode of 5 | x
| vibration of the string is given in Fig. 8.13 (b). The string consists of l‘!‘: Ees
~ loops. The two ends of the string and its mid polnt are nodes Wh@'a 5
-"-: . Mﬂmtwoanti-nodcs each lying between two nelghbourmgn"dﬁ" & ca
' —— no
—
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toLte L = A,. If f, is the frequency of thyg mode

S velocity, we have i
2 |
ol Jl f, = O/A, = O/L = 2f,
£ The frequency so obtained is called the second harmonic or
[ _ first overtone. It is equal to twice the fundamental frequency
If the string is made to vibrate in three loops, the frequency
Ao, of vibration, f;, called third harmonic or secong overtone, is given
by
ust hq,,e f3 o
In general if the string vibrates in n loops, the corresponding
frequency f_ 1is given by
f, =nf | 8.22
 and |
8.13 SONOMETER

A sonometer is a practical application of stretched strings for
vibrating a portion of the string into desired number of loop . It
consists essentially of a thin metalic wire stretched across two

Juency bridges A and B. on the top of a hollow, wooden sounding box
about one metre long. One end r* the wire Is fastened to-a peg at
one end of the box. The other end passes over a smooth frictionless

order pulley fixed at the other end of the box. The pulley carries a scale
ength pan, S, so that it can be loaded to have any desired tensfon in the
- Btﬂ!jg. In between the two bridges A and B, there is a movable
bﬂdge C sliding over a scale to adjust the length of the vibrating
&qmon of the string. Here the bridges A .B.C always form nodes at
. :dr C;P:;tive Posttions. If there is no bridge between the bridges

B o.f u1!:11 the simplest mode of vibration is one in which the

€ string between A and B vibrates in one loop only.
The frequency of vibration of the string 1s minimum I this

Case. This
noted by g corresponds to the fundamental frequency. This s de-
— Y 1i- Now place the bridge C just tn the middle of A and B.
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he string will vibrate in two loops with a frequenc{;‘?“ =21, lf"' ..
ridge is placed in such a position that the strmg rates in t}
m then the frequency excited in the st.ringWifl be 3f,,

,.- E-Ili\r.l ¥ £ \./ .:‘ 3

| All the laws of transverse vibratien of string can be .H:.E.I

sonometer. If L is the length’ of viberating segment of tm'
" Is the tension and p is the mass per unit length of the

thm the frequency prod uccd in the string Is given by

- I.e. the frequencies are integral

f.’requcncy The ¥ = ]/T/u represents tme M
e string.
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DINAL WAVES

5eCONC t]rpe of waves, called longitudinal s are the
. "I' ln which the particles of the disturbed medium o dn- ~HE
~ _jacement in a direction parallel to the direction ve motion .

e waves are produced in substances whi e elastic and
i essible like gases and wire springs. Sou{éﬁ waves are longitu-
W which result from the disturbance of j&e medium. The distur-
m corresponds to a serles of higx and low pressure reglons
that travel through air or through any othcr material medium with
a certain velocity. A longitudinal pulse can be easily produced in a
spring. Fig.8.15 represents a spring whose tums are large and one
of whose ends 1s supported from a hook in the wall. If you compress
a few turns of the spring near its left end, these move slightly and
compress those just, a}xead and these In turn squeez together the
turns still furthc&m)d thus a pulse. or compression wave, goes along

h-spﬂng (<\>
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Next let the left end of the spring by given a-quick pull so thz‘lt the ‘
|

turns nearly are drawn apart for an instant. Then the adjacent
will be pulled apart, one after another, untill this disturbance
the right end. Thus it is clear that any push or pull given to the Sprin
at one end is transmitted as a push or pull to the other end, Waves
of this sort in which the particles of the transmitted medium Move

back and forth in the direction of propagation of the waves are calleq

compressional, longitudinal or pressure waves.

Sound waves are the most important example of 10f1g,itudthg|
waves. They can travel through any material medium Le. gases
solids and liquids with a speed which depends upon the properties
of the medium. As sound waves travel through a medium, the par.
ticles of the medium vibrate along the direction of propagation of

the wave motion. This is in contrast to a transverse wave motionin .

which the particles of the medium vibrate in a direction perpendic-
ular to the direction of wave motion. The displacement that occurs
as a result of sound waves involve the longitudinal displacement of
the individual molecules from the equilibrium position. This re-
sults in a series of high and low pressure regions called compres-
sions and rarefactions, réspectively. Graphically the longitudinal
wave is represented like transverse wave.

-

There are three categories of longitudinal mechanical waves
which cover different regions of frequency (i) Audible waves (i) In-
frasonic waves and (ilf) Ultrasonic waves.

Audible waves are the sound waves that lie within the rang
of sensitivity of human ear, typicaily, 20 H; to 20,000 H; . They €%

be generated in a variety of ways such as by musical instruments: :

human vocal chord and loud speakers:

Infrasonic waves, are the longitudinal waves with frequ
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]Qt Mt | _ . * ~ waves are the lOﬂgltUdlna! wa . |
2 the | m Judible range that is above 20 K, They ::hmf‘r:uendes above
M mdud“g vibrations in a quartz crystal with ap e generated by
Sbh. | ¥ s 1d Pplied altemaung
ke, electric fleld.
Wan.
o OF SO
Moy, 8.15 spEED UND WAVES
“Alley Newton's Formula for the speed of sound'ivnves-
ding _ As we know, sound waves are compressfonal waves which
Ases, propagate through a compressible medium such as air, The speed
Itfes of such compressional waves depends upon the compressibility
Par- and the inertia of the medium. If the compressible medium has a
n of bulk modulus denoted by B and density (inertial property) denoted
nin by p. the speed of sound In that medium is given by
dic- )
¥ =yB/p
e 8.24
t of The expression given-by Eq. 8.24 is known as Newton's formula for
re- the speed of sound waves.
es-
o Note that the bulk modulus, B, is the ratio of the change in
Pressure, Ap, to the resulting fractional change in volume, -Av/v

: Av i
o B=-ap/\(—) 8.25
In-

hH,erc 4v Is the change in original volume V. The ratio (Ap/av)

Is alvfays negative because Av decreases as Ap Increases and vice

ge :’33- This shows that B is always positive. In fact the speed of all
an ¢chanical waves can be expressed in a general form,
LS, :

0 = /elastic property/inertial property
es:

e

- - .l'jﬁ\. E’é _‘:’;:' }= e 2§%“
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"'lﬁn—rf"_ . Table 8.1 e
_ sli’ﬁl!.'ed ef sound In 'mnaoua madla
0(m/s)
Alr (0°) 331
Alr (100°¢) ' 336
Hydrogen (0°) 1286
Oxygen (0°) L
| Helium (0°%) 972
LIQUIDS at 25°
Water 1493
Methyl alcohol 1143 X\“‘
Sea water 1533 v
| SOLIDS \
Aluminium 5100
~Iron ' 5130
t6ad 1322
| Vuleanized rubber 54

8.16 LAPLACE'S CORRECTICN

The Newton's Iormula (Eq 8.24} was obtained on the assump-
tion that the compresslans and rare-factions take place at constant
tem pérature.Tis klg:d of process is called an isothermal processand
le's Law is \E:/d throughout the change from the initial pres-
me an!l volime to the final pressure and volume. Under this
@ bulk modulus B is equal to the pressure of gas.

- " - 4 !
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.prmure (Cp) to the molat ;pwm hea ”
v). The speed of sound 1s thus. : Ty

This is called Laplace’s correction. N
QO

- If we use the ideal gas law PV = nRT then w& rewrite Eq
8.26 in the form N\z\

M X/ 8.27

Where M is the molecular mass of the gas In units of kg/
male. n Is number of moles Risuniversal gas constant and has
wvalue 8.314J/mol-K and T is temperature expressed on kelvin scale.

Using Eq 8.27 we.can calculate the velocity of sound in air at
0°C. We know air consists of approximately 80% of Nitrogen and

- 20% Oxygen. 'Ihe\tnhsses of Nitrogen and Oxygen molecules are 28
am.u and 36&m u respectively. Therefore the mean molecular

i w5 Q&x molecular mass for air = 0.8 x 28 am.u + 0.2 x 32
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d by multiplying this result by |/T/273. For exagmpn. :
_nf nm ft (3.05km), the temperature |s m !
I t l."-bj U e
: -‘u'- _.;i 223
- 9= (332 m/s) x 573 = 300m/s

8.17 MUSICAL SOUND AND NOISE 0\

We percelve some sound as nolse and some sou M
For example the slamming of a door or the rumbling ¢ mh.
considered as a noise, whereas, the sound produced by a piano or

A guitar is regarded as musical. These two types‘of sound are m
sented in form of graphical patterns as shown in Fig.8.16 (a) and

(b). The Fig.8.16 (a) represents an irregular, non symmetric, ran- "_ |
dom fluctuations producing disagreeable sensation hence called .!
noise: The Fig 8.16(b) shows a regular, symmetric and perm
fluctuation, which produce a smooth pleasant sensatlonhcnceeau_. .
music. The physical difference between these two types of sound s
better understood by studying their spectra. The spectrum of notse
and the spectrum of musical sound are sketched in Fig. 18.16 (e}
and Fig. 18.16 (d) respectively the spectrum of noise contains
frequency mm@:nts which are not harmonically related Le. ﬂ*
frequency %%oncnts are not integral multiple of the fuM 3
| Besides @h: amplitude of each frequnecy components arer
~ not symmetric.
. - The spectrum of musical sound contains frequency &
ponents which are harmonically related Le. the mm
nen mmn multiple of the fundamental. Besides &

.-'
= 5 ).
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. FQ.8.16(a), (b ) The wave pattern of a vlolin (¢) Po |
: i o ; wer s Ctmm : .
3G power specém of musical signal. PSR s

Loty G o gy,
< C 3o l 20 L f

ha. erlst!cs of a musical sound

.
|

: ! "‘ﬁ.ﬂsh‘:al sounds or tones can be distinguished from mw 7
'-the following characteristics: A .
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T;‘?'kw: v;;ice as pos;lble (without whispering), the power drom-tﬁt -
] /m", The intensity levels of the sound at various frecquénetes

ki m shown in F1g 8.16 , The figure also shows that threshold sity 1€
of pain and threshold of hearing. jation

(1) Loudness 1 :2:;:

It may be pointed out that the intensity of sound Is purely 2 note ]

physical quantity and it can be measured accurately. It does not |
depend upon the auditory sensation of the ear. On the other hand |
Loudness is the magnitude of auditory sensation produced.by the |
sound. It depends upon the Intensity of sound and as wellas it de- ‘ ter de
pends upon the auditory sensation of the ear. A normal human ear
is very sensitive detector of sound. It can record theleast intense
sound (10'lz W/m? which is one billionth of thé maximum sound
intensity that can be heard without pain. The loudness of a sound
does not increase directly as the power delivered to the ear increas-
es but seems to vary roughly as thé{Jogarithm of the power. It
means the loudness, L, is proportional-to the logarithm of intensity

I1.e. L o< log I. This is called Weber Fechner law. If I and ], repre- Y-
sent the intensities of two sound waves, the difference In loudness,
known as intensity level is defilned by the equation
intensity level = P=log 1 8.28(a) e
where I_ is equal to 10"* wm? corresponding roughly to the g’;‘:rz
fainstest sound that can be heard. This Is regarded as arblitrary the |
reference level If | is taken ten times of {, (I = 101), then the inten- | e
sity -lcvel@ﬁual to one unit. This unit of intensity level is called a | instr
bel (B). s st
A bel is a rather large unit, so we usually xiefer to sound in- Whe,
tensity levels in terms of the decibel (dB): 1dB = yg B. thus Ing ¢
B=10log 'l!;' . 8.28(0)

b Mm 1!: =],p=0dB
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o _' . The loudness of a sound s roughly corr
b sity level of the note. For a long time it was ac
'iaﬂ on was perfect. But there 1s now no doubt that decibel sea) f
| eo

ntensity level no more correlates with the subjective sensation of
joudness. A power law between loudness and intensity level of the

elated with the inter:
Cepted that the cotre-

Pq | ! note has been proposed,

_‘Ot ] [ .03

nd . - L = K ( 'T:. )

:le .Where K is an arbitrary constant which ean be c@uated af-

e. ter defining the unit of loudness 'sone’. The sone is defined as

ar

se 1 sone = 40 dB at 1000 H,

nd 1 “

d " 10" when f = 40 4B, therefore K = 1/16.

e 1 .1 .03

‘s' e o  w—— e

o L 6 ( 5 ) 8.28(c)

ty The sone scale of loudness has been recognised internation- }
s ally, and being practised. -
S. (i1) Pitch

It is defined as the sensation that sound produces in the ear
) of a listener and is clearly related to the frequency of sound. Fre-
quency and pitch are both measured in Hertz (Hz). Thus greater
the frequency the greater the pitch and lower the frequency lower
the pitch. The pitch of sound produced by various physical instru-
~ fments usually depends upon the natural resonant frequency of the

L :nstrumcnt'l‘rus is our common experience that sound of a sparrow
‘::htg;{,because of its high pitch since it has a high frequency.

” ereas the sound of a lamb {s grave due to its low pitch depend-
Ing upon its Jow frequency.

) _ | (1) Quality

Quality or tmbre is a characteristic of a musical sound. It is
b Mv Which enables us to distinguish between notes of the same
: %ﬂlﬂ‘mﬂ intensity when played on different instruments or sung
| °rent voices, Even instruments of the same kind may yleld

Download Books Guides Notes & Tests at www talibilm com



NRpsHywww. youlupe.cormyv/vibuAl DT ru il unew

~ notes of different quality. For exam '
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ple, it is the quality of the toneg

tween the instruments. We recognise the voice of a fri
telephone by quality. SRS

Helmholtz was the first to discover the cause of difference i
musical tones which s called quality.

The difference in the sound produced by two notes of the
same pitch and intensity is due to the difference in their resultant
waveforms. The resultant wave form of any sound is obtained by

I

produced by two violins which makes great difference in value pe. *
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S '[ g the amplitudes of fundamental ang the-ha;momcs of
The resultant waveforms are formed due to combination of

fundamental and harmonics as shown in Fig.8.17 (a) and, 8.17(b).

in Fig: 8.17 (c) . the fundamental and third harmonic are combined
together to give a resultant wave form.

8.18 SUPERPOSITION OF SOUND WAVES

According to principle of superposition when two ‘of more
waves in the same (linear) medium travel the net displacement of
the medium caused by the resultant wave at any point is equal to
the algebraic sum of the displacements of all the waves. We shall
apply this principle to two harmonic waves travelling in the same
direction in a medium. The two waves are travelling to the right
and have the same frequency, same wavelength and same ampli-

lude, but they differ in phase, we can express their individual wave
function displacements as

Y. = A sinfkx-owt)andy, =A, sin (kx-ot~-3)

Hence the resultant wave. function displacement is given by

Y=Yy +Yy, = Ajlsin (kx - wt) + sin (kx ~ ot - $))

We ma.ke use of following trigonometric identity to simplify it

sing+sinf= il O +-p

p=2Cos (( 5 ) Sin ( 5.

Let = kx-wt and B= kx-ot-d, we get

¢

-il

=5 Thprg are several important features of this result. It can be
¥ seen that the resultant wave function y-is also harmonic and

as the
same frequency and wavelength as the individual waves.

qur:u%}:de .Of the resultant wave {s 24, cos %— and its phase Is
"~ 2 - Uthe phase constant ¢ is zero, then cos%- is unity

\& = (2A, cos ¢ ) sin (kx - wt= 8.29

2
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are m to Interfere mmuctmty that 1s m g . un
| on the crests of the other and similar is the cage e
um by the dotted lines In Fig.8.18 (a). g

am

on

be:

8
gegv e

. thr
j &
_constructive Interference takes place where
Korwhered =0, 2, 4, .. ... . 2nx Where n is an
mmwummmmw

7 m = 0 and the resultant wave has zero a
ere. In if mﬂumw:mmsam«:m

;

s of one wave coincide with the tr

A A8 shown in F1g.8.18 (b) and * '

ol
- .,ru.z'n

o |fJ- -

' ’. s - 4 - .‘ i :.'_-‘ - e
i | = i S !l. I 4 N 4 :
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Download Books Guides Notes & Tests at www talibilm com



www.talibilm.com
ngWW.}FUULUUE.L}UHIa'E_':II\J'rL;H._,JHI DYFU I UNRELDWGS IOt

posite direction. We now consider another
fect which results from the superposition
Ry, slightly different frequencies and travelling {
: %@ & i ~ Under this condition when two waves are obs
t fy they are periodically in and out of phase, {.e. there is an a)

tion in time between constructive and destructive Mtedc;:ma-

Thus, we refer to this phenomenon as interference in time F'o:l c§,
ample if two tuning forks of slightly different frequcnclcs ar‘e struc;;
on rubber pad, one hears a sound of changing intensity, calleq
beats. Hence we can define beats as the periodic variation ln‘inten-
sity at a given point due to superposition of two wave having slight-
ly different frequencies. The number of beats that one hears per
second(or beats) is equal to the difference in frequency between two
sources. The maximum beat frequency that the human ear can de-
tect is about 7 beats per second. When the beat frequency (number
of beats produced per second) is greater than seven, we can not
hear them clearly. One can use this effect to tune instrument such ;
as plano, by beating a note against a reference tone of known fre-
\‘ quency. The string can then be adjusted to equal the frequency of
the reference by tightening or lossening it until no beats are heard. '

YPe of interference ef-
of two waveg having
N the same direction,
crved at a given potnt,

Now consider two waves with equal amplitude travelling
through a medium in the same direction having slightly different
frequencies f y and f,. We can represent the displacement that each

'whm wave would produce at a point as: 1

; an In- Yi=A,co82nfitandy, = A cos 2nf,t

le of © = - .

. il Y=%) %Y, =4A, (cos 2n {,t + cos 27t f,t)

ore 6 | L) =24, cos 2t (f, -f,) cos 2t (f, +1,)
acol ) e e 8.30 3

1ghs R 2 2 ;

ar &5 |

elf : Here y, and ¥y, are the instantaneous displacements caused

by the individyal wave as shown in Fig.8.19 (a)-and y is the resul-

;:nt displacement caused by the two waves together as shown in
2. 8.19 (b) '

b The resultant displacement has an effective frequency equal
e, e a\_rel‘age frequency, (f, + f,)/2, and an amplitude given by

263
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AAAAAAAAY . ] 50
|
(b) | is
Time® | st
It
de
g‘lg.a g. 19 Two waves with slightly different frequenctes combine to produce
. f~-f - SO
A= 8.31 sp:
an
That is, the amplitude varies in time with frequency given by pre
{ f;- £)1/2. When f, Isclosed to ;. the amplitude variation Is shown su
as {llustrated by the envelope (broken line) of the resultant wave ina
form, F1g£.8.19 (b} unt
s _ wat
Note that a beat.fona maximum in amplitude, will be detect- an
ed whenever aco
fi- fz 1
_ (1)
That is, there will be two maxima in each cycle. Since the
amplitude varies with the frequency as ( f,- f;) /2, the number of (2)
beats per second, or the beat frequency §,, is twice this value, That
is | (3)
f = fl’. 'fg 8.32. I
For_example if two tuning forks vibrate individually at fre- | (4)
quencies of 439H; and 443 H,, the resultant sound wave of combi-
nation would have a frequency of 44 1Hz and a beat frequency of 4Hz.
(The listener would hear the 441 Hz sound wave go through an
" intensity maximum four times every second.) (5)
: 8.20 ACOUSTICS
; The study of production and properties of sound is ca"f__d
=-:t-_.r3. Tt m . . . \
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) mﬂc’.‘ﬁe tcrm is also used to dese :
~ sound Is reproduced in practical sltu:atlons;ﬁbe the way in which

In general by acoustics we mean its second stat
is related with reproduced sound so we limit our ¢ ement which
statement. The reproduced sound m ay be In dlsunctscg an“:sion to this
it may also be clear and distinct. The quality of repmduz:;fusing,
sound

Mq depends on several factors which we will enljst later on

To glve a clear concept of acoustics |

e
3-3_-1 sound waves are produced in a big hall .I;]e";i sszpmse that
ot spread out. scatter and strike the surfaces of the wél’l:ng]:’;m
8iven by and the celling of the hall and also the surfaces of var!oixs ob oor
s ‘h"‘m present in the hall. Some of the sound energy is abSOrbed : jects
Nt way, surfaces and some Is reflected. The reflected y these
inany reflected €4 parts (consisting of
y sound waves) travel back’and recombine to form

Conditions for good acoustics

' 1
| (1] The loudness of each separate syliable should be sufliciently

RO large.
mt?_a"of | (2) The decay period of each syllable should be small so th
e. That succeeding syllable can be heard clearly. at t.ha_:
J (3)  Echoes should
be just .
S50 < ] sufficient to maintain the continuity
at fre- (4) The hai should have s
. ~\ Some open windows. Sound
’ T ] = x ind absorbin
combi \L , cuéﬁ;;G:;oZ}dsbna!j like cloth, cork, asbestos elcor heavf(
of 4HZ € placed in the hall at vado
e to avoid much reflection s
’ﬂ > [5’ FOr gmd . . . -
. &tif;:lshﬁ of a hall reverberation should not be too small
. w‘ * - .
et 10 e o be away instantancously and will give a dead

265
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 8.21 DOPPLER EFFECT -

When a source of sound or a listener, or both ar

the sound, as heard by the listener, is in general not the same 54
when listener and source are at rest. This phenomenon is ref,

to as the Doppler Effect. A common example is a train while whys.
ting passes near you, A considerable change in the Plitch of the
sound is heard. When the train is approaching, the pitch of the
sound increases whereas the pitch of the sound decreases when
the train is moving away. A similar change in the pitch-also OCcurs
when moving listener passes a stationary automobfle horn or siren,

Obviously, there are three general possibilities to discuss the
Doppler effect, namely:

I. When the listener is moving and the source is at rest.
Il. When the source is moving and the listener is at rest.
lIl. When both the source and the listener are moving.

I(a). Suppose fhe listener is moving toward a stationary
source as shown in Fig.8.20 with speed 9,. Suppose further that
the source emits a wave with frequency v and wavelength A = 9/,
The Fig.8.20 shows several wave crests separated by equal distanc-
es 1A (1 wavelength). The waves approaching the moving listener
have a speed of propagation relative to the listener 9 + 3, Thus the
frequency V™ heard by the listener is

o O+ 9, =13+0o

A 0/

-~
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1 (b). Slmllaﬂy a listener moving away from the stattonary
source [q,co, ears a lower pitch and the frequency detected by the

iistmer in ‘tﬂis case Is |

0(:}’. b (l-'—_)
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rest with respect to the medium and observer is moving through |

. is given by S

.'- A—- = m-— I
1I’m':(ﬁ)" ( 9 )“ 8.3

Where the positive sign refers to the motion toward the
source and negative sign refers to the motion away from the
source.

Notice when the listener is at rest( 4, = 0). then no change in '
the frequency of sound is observed v'= v |

Il (a). Now consider the case when the source is in motion and
moving with a speed, 9,, toward a stationary listener as shown in
F1g.8.21. The wave crests detected by the stationary listener are
closer together because the source is moving in the direction of the
outgoing wave resulting in a shortening of wavelength. That is, the
wavelength A° measured by the listener is shorter than the true
wavelength A of the source (1" < 1) . If the speed of thie source is 9
and its frequency is v, then during each vibration it travels a dis-
tance %;. and consequently each wavelength is shortened. Thus the
wavelength of the sound arriving at the listener at rest is

3 o, )
3 - = e O - 0
P TS v ( J .
therefore, the frequency of the sound heard by the listner I
(at rest is increased and 1s given by

L A

¥ T (-0
\‘- ™ o 8-37

of
The Eq. 8.37 Indicates an increase in the ﬁ—equcncy of thc
-heard by stationary listener. ¢ i
f

268 SR L '
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Fy. 8.21

lIb). On the other hand, if the source moves away from the sta-
tionary listener, the wavelength of the sound arriving at the listen-
er Is greater than the true wavelength A (e A° > 1) ) and the listen-
er detects a decreased frequency which is given by

T v o i v
(0+ 0 (1+£§_)

8.38

The Eq.8.38 Indicates a decrease in the frequency of the sound
heard by the stationary listener.Thus in general relation valid for the
listaer listener at rest and for the source in motion with respect to the
medium is given as

. 0 v
v = e S ——— V = —~— 8039
( 0t 133) (1 + .‘2:.)
b
.3.357 where the minus sign refers to the motion of the source to-

;ard the Stationary observer and plus sign indicates the motion
the source away from the stationary observer. :

Notice that when the source Is at rest (vs = 0). then no change
__ﬁ_lc ‘_"’q“ency of sound s observed (L.ev = v)

269
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ﬁ!ﬁz_eem and the observer are appr along
1g the two In the direction toward the each oum- + theyy'
Cy hcard by moving listener is
0+ ﬂ

° )“ 8.40

ITi(b). On the other hand, if source and the observer are mqy,.
1ing away from each other along the line joining the two, then th,

frequency heard by moving listener is
. 9~ 9,
= o, ) 8.41

Finally, the Eq.8.40 and Eq.8.41 are expressed together as

-

v

22 % ) v 8.42

3F 0,

Notice that Eq.8.42 reduces to Eq.8.36 When O, = O ( {.e. when the
source is at rest) and when 9, = O.reduces to Eq.8.39. Thus the va-
lidity of the Eq.8.42 is checked,

Notice when both the listener and sourceare at rest {9, = 0,
8, = 0 ), then no change in the frequency of sound Is observed
(v'=).

Fig.8.20 ,shows what happens when the speed of source (d,)

', through thczt(:éﬂlum is less than the speed of the sound wave (0)
i in that m@um f.e. 83 < BWNow we would like to examine what hap-
pens @‘ the speed of the source U, Is comparable in magnitude

to 9 (85 = 0)? In this case the source keeps pace with the outgoing
spherical waves in the direction of medium since 8y = 0. Thes

* T wam can never move ahead of the source and they continu€ w
pm; up. As the process continues (1.e. wave are formed) the pile ¢

. exte  farther and far ¢ from the source in the direction
plar to its motion. This happens because the unzarl'dﬂ

Download Books Guides Notes & Tests at www talibilm com

JIUDE.COMVC/VIDUAI BT FU | URKEUUSYTarsS

fg.82




www.talibilm.com
NSV RUTUDE. COIMI/C/IVIDVAID Y FU | URELUG | UKT

. now) does not remain true. The speed of the waye propagation

. e tics of the medium) is no longer the normal phase \;e.

: Components of the motion perpendicular to the line Joining

and observer also contributes to the Doppler effect at these
s. Consequently, a wavefront that is a sheet or plane 1s

(cF
locity-

Te mgy, as shown In Fig. 8.22.
he Med '
" th Directi
on of
Propagation
of wave front
———g
8.4
—
~ o
. v
8.42
\__/ ——

1en the /

the va- _ —_—

Pg.8.22 When the sourcé moves with a speed exactly equal to the wave speed,

oo =0, the waves pile up and form a plance that extends perpendicular to the

)SCI‘“-'d direction of motion of the source.

Next we would like to see what happens when 9, exceeds the
(9,) wave speed ‘i.e. 9, > O Obviously, in this case, the source runs
rc:'e ) ahead of the outgoing waves and in such a case the pile up of the

. ha pr Waves produces wavefront which takes the shape of a cone with

at -th&xﬁ”ovmg object at its apex as shown in Fig 8.23.

,tgoll‘g . The situation is best explained by considering the source at
11169‘ | S‘_’_ (Fig.8.23) at time t = 0, and some later time t. the spherical
uc . 4 Wﬂ?efront_ centered at S, travels a distance #t (the radius of the

e an lling a dis-

w" A M"u Whereas the source reaches at S, after trave
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 supersonic Jets for example F-16, Mirage Fighter, Concorde 8™

A
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e
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Conical
shockfront

F1g.8.23 Representation of a shock wave produced when a source Moves
Jrom So to Sn with a speed v, that is greater than the wave speed, v, in thyy
medium. The envelope of the wavefronts forms a cone whose half-angle is

given by sin 8 =0/0,.
to all other Intermediates wavefronts. All such tangent lines lie on
a surface of a cone. hence a cone-shaped wavefront is formed. The
angle @ between the direction of travel and any tangent line Is given

by
& 0

sinf = -;5;;5' = -;5;;-

In aerodynamics the ratio 9/9, Is referred to as the Mach
number, )

Aleng the cone-shaped wavefront that is produced by a su
personic object, the air is highly compressed. This moving sheetof
high pressure air {s called a shock wave. Some examples are the
bow wave from a speed boat on the water when the boat’s speet
exceeds the speed of water waves. Jet alrcraft (F-16) travelling 8t4
supersonic speed (9, > 9) produces a shock wave which results #
loud explosion or sonic boom. These shock waves produced by &
personic jet can damage building when flying at Jow altifudes ¥

er, a double boom s produced because two shock W‘
formed (within time interval of 0.02s) one from the front and

'ﬂf{t_he atreraft. M1
5 273 & JM
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NS OF THE DOPPLER EFFECT

The Doppler effect provides a method for tracking a satellite.

Suppose the satellite Is emitting a radio signal (i.e an electro-

magnetic wave) of constant frequency {s. The frequency f, of
the signal received on the earth decreases as the satellite is
passing. The received signal is combinec_i with a constant sig-
nal gcncratcd in the receiver to produce beat. The beat fre-
quency produces an audible note whose pitch changes as

the satellite passes overhead.

The Doppler effect is used in measuring the speed of auto-
mobile by traffic police. A "radar gun” is fixed on police car.
An electromagnetic signal is emitted by the radar gun in the
direction of the automobile whose speed is to be checked.
The wave is reflected from the moving automobile and re-
ceived back. The reflected wave is then mixed with the locally

generated original signal and beats are produ'ced. The fre-

quency shift is measured using beats and hence the speed of
the automobile is determined.

Radars (Radio detection and ranging) are commonly used for
civil and military purposes at civilian airports and military
air-bases respectively. to detect the presence of any aircraft
(foe or friend) in the airspace by evaluating the range. The
Doppler Radar based on the principle of the Doppler Ef-

fect, i1s extensively used in the detection of aircraft speed and
direction.

VOR (Very high frequency omni Range) is a guiding system
usually installed at the airports to guide the incoming air-

crafts toward the location of the airport. Nowadays big and

modem airports for example Quaid-e-Azam International Alr-

port, Islamabad Airport, are equipped with Doppler VOR
whose principle is once again based on the Doppler effect

and provides air effective and better guiding system to the

——

273

Download Books Guides Notes & Tests at www talibilm com




www.talibilm.com

BRpPSTWWW. YOULUDE.COIMmIG/VibDVAITD Y FU | LJHEU?L- Ui

v)

)

(vii)

aircraft. The_electromagnetic signal used here has frequ
in the VHF range (30MH; - 300MH_).

X-rays have been a major diagnostic tool of medicine, by re.
cent years have seen the emergence of an alternate tool
which is inherently safer than x-rays: ultra sound. Unlike .
rays, ultra sound radiations have not been reported to dam,.
age living cells so far. Measurements of intemal reflectigng
of ultra sound have facilitated the diagnosis of breast cange,
and taking the heartbeats of fetuses and newborns.

An ultrasonic instrument called Homosonde uses the dop-
pler effect of ultrasonic waves reflected from moving masses
in the patient. The device is very sensitive for.detecting blood
flow and measures faint heartbeats in a very nolsy environ-
ment where the use of stethoscope may not be reliable.

In similar manner, we can detett the motion of an objects
under-water (for example a submarine) by employing sonar
(ultrasonic waves) based on efféctive use of Doppler effect.

The Doppler effect for light is important in astronomy. Spec-
tral analysis of light emitted by the elements in distant stars

shows shift in the wavelength compared to light from the
same element on ¢arth. These shifts can be interpreted as
Doppler shifts due to the motion of the stars. The shift is
nearly always toward the longer wavelength, or red end of
the spectrum, and is therefore called the red shift. Such ob-
servations have provided practically all the evidence for "eX°
panding universe® cosmological theories, which represents
the universe as having evolved from a great explosion several
billion years ago In a relatively small region of space. .
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 Example8.1 it s

| A blOCIl with a mass of 0. kg is i T S d_;_"‘__
placed on a horizontal frictionless table 11:¢hed. 10 2 spring ang
ted. (1) Calcutay

-
"
.‘
&
<
3,

(i)  The characteristic requency is

i ]/k 1 l/zs:qm"
: 2x m = 2x 0.1kg "“2°52_Hz

The period of osillation is T .= .-:.

1

= m = 0.397s

Example 8.2

A body of mass 2kg attached to a spring is displaced through
0.04 m from its equilibrium position and then released. If the
Splflng,conslant is 200 Nm™, (1) find the period and frequency of vi-

b@bn:
Q

T =2n'l/...'.'.‘_ = 2,;]/ g - = 0.628s
k _ 200N m

o epeRR S
T 0.628s
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(11} Calculate the maximum velocity attain - s
: ed by the vippn,

The maximum velocity occurs at the equilibrium POsition { 3 ;:i
when x=0, for any x, ko

_ A m
% =t (@ - )2 ! er
Sowhen x=0, - . _
O = Opax = ax, N
= 2(105") (0.04) = +0.4ms"
(i) Compute the maximum acceleration
Weknow a, = -’
the maximum acceleration occurs at the end of the path, f.e,
when x = _tx, therefore E
j Znae = 2 0X, = £ (1057)? (0.04)'= 4.0 m.s2
Example 8.3 -
is
A body of mass 0.025 kg attached to-a spring is displaced
through O0.1m to the right of equilibrium position. If the spring con-
stant ls 0.4 Nm™ and its velocity at the end of this displacement be
0.4 ms™, calculate (i) The total energy (1) the amplitude of its motion
(i.e. maximum displacement)
(i) Total energy:
The total energy at any instant during the motion s equal to £
the sum of potential and kinetic energy at that instant
- 1 S | 2 y tal
E = 3-2- kx + 3 md s . it.
1. -l 2 1 "]’ i
. 0.4(Nm’’) (0.1m) + = (0.025 kg) (0.4ms J s
| =4x10°J —
: —'!B"—f - -. — 276
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EaK.E-l-P.E

E=0+(PE)p, = 5 ksl
1 2 3 '
2x4x10° i Q?

=Ol4l4m -
0.4 Nm™

2
xﬂ. F—
X,=0.1414m

Example 8,4

A simple pendulum completes one oscillation in 2 s. Calcu-
late its length when g = 9.}8111:'."l the time period of simple pmduim
is given by

T =2x —
Ve
= 0.992m

4 x(3.141)
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| mm suspcnded from the amng =1 i@
Etterntion due to gravity = 9. 8 m3

3

gl

¢\\/

~ For fourth h?onlc (Ve)o.n = 4
L > .= 70 hertz
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c}?‘*‘ 2

. Q s the frequency U, Isgivenby
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C) of dﬂwng system on the spnn‘g _
med of the wave in the spring. '

e spring is vibrating in four segments, t-n @\h |

@‘ s |
<&
Y

N

}.w’lﬂn—z—-n.ﬁn

 Again d=vxA
" =20x2

‘We can obtain the same re.si;-it from the equation

fat (Y el
2%l i b‘dj :F‘ I'L I‘: HI -’.4‘-.'

:." ' 1__4—,", Al
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where Y = Young's medulus and for St;:el- Yma0 wai
d'ﬂ-,suyofstecl =p =78x 10’ kgm-a Se s _
therfore

1/ 20 x 10" (Nm?) 3
i 7.8 x 10° (kgm) = 500 % 10" s’

REN :

\ The speed of sound in air is given by

2), | .I / rB
0= )

where B = Bulk modulus and for air
B=1.0lX 10° Nm*® and density of air p,
p =129kgm"” Y= 141
therfore

5 -2
e 1/1.01 x11209 l(gzn)nx T R 2

Example 8.10
Compute the wavelength of the wave transmitted by a radio
station that broadcasts on an assigned frequency of 1000 KHz.

All electromagnetic, including light, radio waves, television,
etc travel with a speed of 3 x10" ms” which is expressed In terms of

wavelength and frequency by 8 = v A

therefore
L 3x10°ms* 3x10°ms? o000
v 1000 kHz 10° Hz

A = 300m

Example 8.11 -
ulance. (a)

A note of frequency 500 Hz is emitted from a1 amb s ¥

If the ambulance moves toward you at a speed of 60 ' . =

281
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o ’ts spe'-'d is 60 km/h. what frequency will yoy det_ég

: W“do{ sound is 340 ms”.

& The speed of ambulance = 60 km/h = 16.7 m/s

(a) The frequency heard by the stationary listener is given by
Eq. 8.37

.. %V

V=T,

where .oa =216.7 n‘lS—l. V= S500Hz and the VCIOCHY Of B_Qund .

® = 340 ms”
therefore
o = 340ms_____ ) 500Hz = 525.8 Hz
340 ms” - 16.7 ms’

(b) When the ambulance is moving away, the frequency

heard by you is
90 340 m/s
° 2 e— = OOHz
V=S, 3a0miss167mls ) >

= 476.6 Hz

Problems

1. An object is connected to one end of a horizontal spring
w-hpse" other end is fixed. The object is pulled to the right (in
the positive x-direction) by an externally applied fm‘ceﬁff
magnitude 20N causing the spring to stretch through 34
splacement of 1 cm (a) Determine the value of force constant it

. the mass of the object is 4kg(b)Determine the peﬁ"d' it |
oscillation when the applied force Is suddenly removed-

. Ans (a) 2x10° N/m.
b) 0.28108s

dy hanging from a spring is set into motion and |

B 282 i
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od of oscillation 1s found to be 050 S.

come to rest, it is removed. How much shc::ter mez-bwy g
be when it comes to rest? er will the spring
(Ans. 6.21 cm)

ing hearing range (20 to 20000 Hz)?
Ans. (a) 70 Hz,.140 Hz, 210 Hz
(b) 35 Hz, 105 Hz, 175 Hz
(c) 285 harmonics.

4, A standing wave is established in 2.120 em long string fixed
at both ends. The string vibrates'in four segments when driv-
r en at 120 Hz (a) Determine the wavelength (b) What is the
Tequency fundamental frequency?
Ans. (a) 0.60m
(b) 30Hz

9. Calculate the speed of sound in air at atmospheric pressure

p = 1.01x10° N/n?, taking y= 1.40 and p = 1.2 kg/n?’.
| : Ans. 343 m/s

6. A sound wave propagating in air has a frequency of 4000z
Calculate the precent change in wave length when the wave
front. initially in a region where T = 27°C, enters a region

\“where the air temperature decreases to 10°C.
Ans. 2.87%

7. The frequency of the second harmonic of an open pipe (open
at both ends) is equal to the frequency of the second har
monic of a closed pipe (open at one end). (a) Find the ratio of
the length of the closed pipe to the length of the OM P’g:
(b) If the fundamental frequency of the open PIpe i 256Hz. =
what 1s the length of pipe? (Use ¥ = 340 m/s)/ —

————— .
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‘Ans. (a) 3/4
) L open = 0.664m
L closed 0'498111

A 256 Hz tuning fork

produces four beats per seco .
sounded with another fork of unknown frequ oy e
two possible values for the unknown frequency?

Ans. 252Hz, 260y,

An ambulance travels down a highway at a speed of 75 mih
Its siren emits sound at a frequency of 400Hz. What is th;,
frequency heard by a person in a car travelling at 55 mih i
the opposite direction as the car approaches the ambulance
and as the car moves away from the ambulance.

Ans. 477Hz, 337Hz.

A car has siren sounding a 2 kHz tone. What frequency will
be detected as stationary observer as the car approaches him
at 80 km/h? Speed of sound = 1200 km/h.

Ans. 2143 Hz

o "
\

n e
A dhbs
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Nature of Light

ITUITUREDUCTURS

9.1 DUAL NATURE OF LIGHT

Th
o Propertics and the natuse.of it was sy
scientists until about the middje of the Seventeenth cent by many
generally believed that light consists of a Stream of tin: :?ti It was
corpuscles. The theory seemed to fit the facts of reﬂectr:on Ctlres i
wil, ans-

In 167 istien Hve
” ; 6. Christien Huygen (1629-1695) showed that a w
' ip C q e :
fy of light could explain the laws of reflection, ref aane
| the phenomena of double refraction Two d atons
& . O consideratio ’
- Ha C ns discou-
g ewion and others from accepting Huygen's wave theo
I Ty.

Pro ey :
rereiiiasstnw:zmcut medium was unacceptable. One important dit-
e n the theories was that the corpuscular theory of
B \Vied that light would travel faster in a material medium
matmal‘mmt:reas the wave theory predicts a slower velocity in a
i 1 um. The velocity of light could not at that time be

Mmaterfal, and the decision between the tw. theories

Was made o
n diff

e 285
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AP The first clear demonstration that light s a Wave phen
%as _m:adc by the English physicist, Thomas Young u.,;;““"%
early in the 19th century. He demonstrated that under 1829)

' ' Certaj, .
propriate conditions, light exhibits an Interference behavlm‘!t:in i

| Had Newton been alive at the time, he would have appr
ed the significance of Young's experiment. Unfortunately Nﬂn%&f ;
name had become associated with the corpuscular the s

!

e

ory, and ad.
mirers of Newton blindly supported the corpuscular theory ang
nored the newly proposed theory of light. The wave theory beca::«e

widely accepted in 1880. The first measurements of the velogy sz
1Y o

light In the medium confirmed that the velocity of light is less |

than fn a material medlum than in alr.Additiong)
developments,such as Interference and diffraction of light Jed to
the general acceptance of the wave nature of light,

In secondary classes, the electrostatic field of a distribution
of charges at rest and the magnetic fleld of a steady current in con-
ductor have been studied. These fields ‘may vary from point to
point in space. but do not change with time at any individual
point. For this situation these ficlds are regarded independent.

In case, the electric fleld and the magnetic field do vary with
time, then it is not possible to treat the fields independently. Ac-
cording to Faraday's law changing magﬁcuc field with respect to
time acts as a source of electric field, similarly a changing electric
fleld with respect to time acts as a source of magnetic fleld, There-
fore, when magnetic field is changing with time, an oscillating elec-
tric fleld is induced in adjacent reglon of space and when an elec-
tric fleld 1s changing with time, an oscillating magnetic fleld is

induced.

-

Consequently, an elc};tromagneuc disturbance consisting of @
time varying magnetic fleld and electric fleld can be concelved as
electromagnetic waves which can propagate through space from
one point to another. These paired flelds are called collectively the
electromagnetic fleld. '

286
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Direction of travei

B
Magnet field

at every point and for all value of the time.

In1873,James Clark Maxwell showed that these electtrom
netic waves can propagate through vacuiim. He obtained a theor:f-

ical expression for the pPropagation-speed of the electromagnetic
waves. The theoretical value of the speed of electromagnetic waves

was found to be equal to the s
t peed of light measured
(c=2.998 x 10% ms™}), - g

Thus Maxwell concluded that light waves are electromagnetic
waves. (This can also be txpressed by stating that light propagates
as an electromagnetic wave). These light waves consist of an oscil-
lating electric fleld E and an oscillating magnetic fleld B. Both
fields are perpendicular to each other. The mutually perpendicular
magnetic and electric fields in the light wave oscillate in unison
that is, same frequency and identical phasc. Both E and B are per-

.f:e:ldicular to the direction of propagation of the light waves which
Ong the x-axis as shown in Fig 9.1. The strength of the electric
field at the same location and time is equal to the strength of mag-

netie fleld, multiplied by the speed of the light.

Finally, visihle light is defined as radiation which can affect

th
€ human eye. For the particularly important case of visible light.

—
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SO e .-T-Iength A ranges from 7.6 x_ 10 'm (lon
4.0x 10 "'m (shortest visible blue) and the corre

v ranges from 3.9 x 10"*Hz (longest visible r

NIT A,

Fig 9.2 shows the sketch of electromagnetic sp
electromagnetic spectrum has no definite upper or lower limj; Th
Fig 9.2 also displays the name given to the electromagnetic “.fav:-
in various region of the spectrum and it indicates the wavelengthz

€ctrum, The

Frequency cycles/sec
102 10¢ 10 10° 10 10 10 10'* 10' _10% o=
Y M (TN e e | L]
Power. Mcrowaves | visible | Xram ' T
g Radio ""  "Tlofrared  Ultraviolet " Gamma rays
| | § | | | # I | | ] i | | | | | i | 1 L A 1 | | 1 i
108 104 102 1 102

104 10° @Y 10 1o
wavelength metres

10

Fig. 9.2 The electromagnetic spectrum. Note that the wavelength and frequency
scales are logarithmic.

and frequencies characterizing each. Taken together they consti-
tute electromagnetic radiation.

The wave Theory of light, however, failed to explain the major
features of photoelectric effect in which the-ejection of electrons
fromi a metal surface takes place when its surface is exposed to
light.The experiment showed that.

(i) the Kinetic energy of the ejected photo electrons is inde-
pendent of the light intensity while the wave theory suggests that

Kinetic energy of the photo electrons depends upon the intensity of
the light beam. s

| (if) For each surface, theré exists a cut off r;;qgggcg. For fre-
quencies less than the cut off frequency, there is no photoelectric
effect, whereas according to the wave theory of light, the photoelec-
tric effect should occur for any frequency of the light provided that
light intensity is enough. | e

e

088 1 ] i

e 3
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Ce and ¢
5 electrons, whereas according to waye theory oi%‘uon of the phot,
t ThQ pe a measurable time lag. light there should
. The In 1905, Albert Etnsteln
W, succesaf,
, Sy electric effect by making a remarkabye mt:,l:;mﬁ the photo
s meets the three objections raised agalnst the mur::um theo
tian of the

102 changed,
™~ that all electromagnetic radiation was in the forngx of u*::uli?;pxned
dles of clectromagnetic energy, called 4
G total energy. photons. Each photon has
L
10 E=hvy

Where h is Planck's constant (h = 6.626 X 10 J-s) and v Is
vy frequency of the electromagnetic radtation. He further proposed
that when a photon interacts with matter. it behaves as a praticle I
and delivers its entire energy to the individual electron (n the ab-

nsti- sorbing surface. In 1921, he received the Nobel Prize in physics for ?
his theory of photoelectric effect.

najor In 1921, photon ‘nature of light was confirmed by A.H.
s Compton, which is called compton effect. He was successful in
" e¢valuating the motion of a single electron and a x -ray photon be-

fore and after collision between them and concluded that they be-

. haved ltke material bodies and possess momentum and kinetic en-
nde- - ergy.

o Milllkan who experimentally verified the Elnstein theory of
ity Photoelectric effect was also awarded the Nobel prize tn 1923.
| These are several experiments which demonstrate without any am-
blguity that light 1s composed of photons. The most straight for-

li;;d Photon correlation experiment was reported by Cluster in
4. _

th Thus the photoelectric effect and compton effect supported

—

e
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Marize the discuss)

COrpuscular theory
€mission and

sition of .
erved that light radiation have particle- like p::dia.
: per.

* operties. Thus discussion about the na
Ows that light possesses dual nature f.e,
like properties.

9.2 WAVE FRONTS, HUYGEN'S PRINCIPLE

In section 9.1, it has been shown that light waves are ele
tromagnetic waves. These light waves consist of mutually pe §
dicular oscillating electric and magnetic fields. Both electncriennc;
magnetic fields are perpendicular to the direction of propagation
therefore, light waves are transverse waves. Waves can be classi:
fled as, one dimensional, two dimensional and three dimensional
waves depending upon theé number of dimensions in which they
propagate energy.

ture of Jign,
wave-like and Particle.

L Light waves which emanate radially from a small source are
three dimensional. Consider a 'single wave', we can draw a surface
through all points undergoing a similar disturbance at a given in-
stant. As time passes, this surface moves along indicating how the
wave propagates. For a periodic wave train we draw surfaces, all of
whose points are in the same phase of motion. These surfaces are
called ‘wavefronts'. In homogeneous and isotropic medium, the di-
rection of propagation is always perpendicular to the wavefront. A
line normal to the wavelronts, ind{cating the direction of motion of

the waves, is called a ray.

Wavefronts can take different shapes. For example, If the dis‘_
turbances are propagated in a single direction, the waves are then

.- tion
eferred as plane waves. Consider a plane normal to the direc
ref p p gl

g 290
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ryﬁ“’m on it. Such wavefronts are ca Yonsare g,
€9.3. (a) Ir o1

N Pheno

9.3 INTERFEREN CE OF LIGHT

In chapter 8, we have studied interference of sound waves
Is the result of Superposition of two waves. The interference
Menon of waves, is a general feature of all types of waves
aS sound waves, mechanical waves, light waves, etc.

Which
such

b ':rppose two waves are allowed to superpose upon each oth-
ity ll:sultant intensity of the interfering waves is zero or 1033
ol tensity of the individual wave, then this type of interfer-

called destructive interference. If the resultant intensity of <

kf
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' the interfering waves |s | t“?aa ol
Wave then thi, e gtrcatcr than the intensity of an indivig 4 ﬂtof‘
frenioe type of interference Is known as constructive gn:: ' :‘ddf:oﬁ‘ th
-
Light waves a| o
SO undergo | af
terference assoclated with |y e Funda:nenm|y all in. :::f’scﬁc
Bt ght waves arises as a result of th ghe="
ng of the electric and magnetic fleld vectors that s goﬂ‘ P
individual wave. | T RIS " ):a 5¢
Interference ef, fo"ﬂdmg :
. cliect in the light waves are not €asy to ob. 9P°n Thes
i c_?usc of the short wavelengths involved (about 4 x 107m "’c“cs, ™
O "m). In order to observe stable interference of light wave, f‘mgn on |
the following condition must be obeyed: cat waves
ugt
A common method for producing two coherent light sources fringe ** &
is to use one monochromatic source to illuminate a screen with
two small slits as shown In Fig 9.4. The light emerging from both
slits Is coherent because a single source produces the original light
Successive
wavefronts
Monochromatic // ; Q
light source @ S
e S0 C :
7N L1
Viewing
Screen
Fig. 9.4 Huyger.’; Construction of Interference pattem
beam and the two slits serve only to separate the original bca::
into the parts. Consequently, a random change in the light emitt g
by the source will occur in the two separate beams at the sam 205,
time, and interference effects can be observed. | “Pen
9.4 YOUNG'S DOUBLE-SLIT INTERFERENCE Oblmneme
SASE, two le., 4
The phenomena of interference in light waves from %

H-‘II- X

" sources was first demonstrated by Thoms Young in 1801.

A sche-

—
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. matic diagram of the apparatus used by him s ! .
s shown in Fig 9.5(a). To obtain two coherent |y ng demonstrauon.
incident on a screen. which has a narrow sy, - Eh.r:‘aources light 1s
ing from this slit are then allowed to Incident :n
which has two narrow, parallel slits S, and § a'rh
serve as a pair of coherent light sources becaus;‘;ave:-’se two slits
from these slits originate from the same wavefront an :o:;:mg out
always in phase. On a screen placed at some dis o

Second screen

tance away,
u?-"? ty " found a series of alternately dark and bright paralle] bangs‘gung
1‘ ¥ | sponding to the position of destructive and Cco e
0 po nstructive interfer-

’“’&h{ N ence. These altemate dark and’ bright parallel bands are called

‘h\ fringes. That s, when two light waves add constructively at any lo-
cation on the screen, a bright fringe is produced and when two
Ight light waves add destructively at any location on the sereen a dark

a':Ifetn Wit fringe Is produced.
|
€ from bogy Screen Central bright band
>ﬂglna| "Ehl |
t
i
H
Viewind
w dsin ° path difference
o (4 -
o (b) bt
1 )
0 M Fig. 9.5 (a) Young’s two slit intejerenoe-Pﬂ“em. (b) A diagram of the double
g slit experiment. |
gt U

e quantitative. description of Youhg's experiment
Obmmgtmhd With lhé.ﬁa;bf- Fig 9.5 (b).Light waves with a defin!
: o s + 4, are inciderit on the pair of narrow, slits S, and S,

e = : 293

te wave
which
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. are separated by a distance d. The interference ¢

ra

Cirved o - Ce pattern . .
Vi ed ©n a screen which (s placed at a Perpcndicmt:::;.[ la oh. ace ™
: from the screen containing slits S, and S, , as shown i ns g ETY- i ‘
Consider a point, P, on the viewing screen, suppose, &8 ),
,
PS, = r, and PS, =,
: osui
- The light Intensity on the screen at the point P is the resultan; .. i |
the light coming from both slits. Note that a wave coming from u:: |
lower slit S2 travels a greater distance than a wave from the “Ppef bﬁght
slit by an amount equal to the difference between the two py 255U
the difference between PS, and PS, is known as path digféfé;lce: than t
from geometry in Fig. 9.5 (b), we get. order
tions |
PS,- PS,=(r,-r,) = dsin6 9.
This path difference will determine whether or not the twg
waves are in phase when they arrive at the point P. If the path dif-
ference Is either zero or integral multiple-of wavelength of the light
used. the two waves are in phase and constructive interference re- |
sults i.e. a bright fringe is produced. Therefore, for constructive in-
terference
d sin8 = mA (maxima) 9.2
Y=Y,
Where A represents the wavelength of the light used and m i
- % nnge:
stands for the orderiof the fringes, thatis ge
m=0 #1,+2, %3,..
Thé central bright fringe at 8 = 0 (m =0) is called zeroth 0:; o
der maximum. The first maximum on other side, where m = 11,
called first order maximum and so forth.
d ¥ of
Stmilarly, if the distance (r, - r,) contains an odd number ol .
half wavelength (i.e.an integral number of wavelength plus 0n¢ S nge:
wavelength), the waves will arrive at the point P lwlth thelr "fwrc. »
displaced from one another by half wavelength ( 5- A). 'm“: erfer
the point P the waves will be out of phase and destructive 1N

294 B
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- 1
dsin6 = (m + 7)1 (Minimg)

wtleremso.i l. :t2. :t3 .....

Poslﬂ"”s of the bdght and dark fl"lﬂges

it is useful to obtain expressions for the

Positions of the

pright and dark fringes measured vertically from
assume that the distance from theslit to the scre

0 to P. We Sha"
enismuch larger

than the distance between the two slits(d << L. 1

n practice L 1s.of the

b
il r

order of 1m while d is a fraction of a millimetre under these condi-
tions 6 is small, therefore

sinf® = tanb

Ii: Fig 5.5(b) consider the triangle OPQ we see

sin® = tanf = = 9.4
multiplying both sides by d we get
dsing = -11-,‘ d 9.5

For computing the position of a mth bright fringe we substitute
y =y. and comparing Eq, 9:5 and Eq.8.2, the positions of bright

fringes measured from the point O are given by ;

d .
Ym X T = mA

Where y. be the distance of the centre of the mth bright band
from the centre of the central band at 6=0

Y = l—dl-'- m 9.6
Stmilarly using Eq. 9.3, and Eq. 9.5, we find that the dark
fringes are located at
= AL 1 9.7
Ya = d ._(m + E_)
295
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.-_-. N

o, ~ From Eq. 9.6, we can calculate the dman&e between M , ’ﬂ;
5 - adiel Jmﬂt ‘bright and dark fringes. This distance is known a8 '“* _ p”t .'
. © spacing. Ax. As m Increases by unit, we get ringe gf;,; 2:1
swf”
fringe spacing = Ax = AL 95 ¥ g
As the quantities L. and d are measurable, the wavelength, of | W
light used can be calculated. In fact Young used this method to ob. :
tain the wavelength of light. Additionally, the experiment gm the i. io
wave model of light a great deal of credibility. S Mﬁ;
9.5 INTERFERENCE IN THIN FILMS \b gys ;
mt d.
Soap bubbles and thin layer of oil floating on water‘are common E;ht ot
examples of thin films. When light is reflected fromisuch a film, we othes;
often observe the vivid colours. These visible ¢olour bands are the iog 08
result of an interference effect. The Interference in this case is |  gyferes
caused by the interference of light wayes reflected from the oppo- thickne
site surfaces of the thin films. We knew white light consists of sev-
en colours hence different waveléngths. Therefore the interference :
may be constructive or destnictive depending on the phase rela- | W:uﬁtz‘l
tionship of the two interfering ‘beams; hence the appearance ofcol- | ]c::ccu:c
oured fringes : |
Incident light Reflected light '.
| |
| Tust ¢;
| reflects
mﬂuc:n
femen
ught;
wa\'ele
A WAL
B e
= (b)
| “ ther o1
LN . 9 mmmmugmrmmcdfwmmmmgmmawm'
Rl m = m@r Mﬁommuppermdlomr’sydms .
e 3 Mm_fqmm:dbyanwmdg« 245 - |
L cageey 296
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7o mvestigate the Interference effect 1 thia 6
wo plates of mtr-a-th-lll glzfss plates separateq by a l'llzn, We consider-
of alr as Shown 10 g 9.6(a). The Al ha '

,u.rrolmdcd by alr whos refractive Index
Mt illﬂht waves are coming from a sm
mouochfomauc source of light (thus relntive]y I3

raveling in air nearly perpendicular to the Surface o

In Fig 9.6(a), a line ab represents a ray In a be

on the upper surface of the film, At the point b? :: light

glass fnterface, the ray ab is partially reflected as a ran‘b:.h a0
ally transmitted as a ray bd. On the glass-air lntcrf;:c tand
point d, another partial reflection occurs and some of the reﬂac :hc
light emerges as a ray ef. The ray be and ray ef interfere with :a::g
other; producing constructive or destructive laterference depend-
ing on phase relationship. For nearly normal incidence the path

difference between the two Interfering rays (be and ef) 1s twice the
thickness of the film. Thus path difference = 2t

If this path difference is an Integral multiple of wavelength
we expect constructive interference and if the path difference is a
half integral number of wavelength destructive interference will
occure.

Unfortunately,“the situation {s not quite simple. First, we
must take care what actually happens to the phase of rays that are
reflected and refracted, because these two effects have cirtical
influence on the nature of the interference. Furthermore, we must
femember that we are dealing with two different wavelengths of
Ught; fhe normal wavelength A in air and slightly different
"a*'ﬁe‘hgth in the medium (of refractive index n) which is labelled
a3 3, The wavelength in medium is then given by

Nl M ' 9.9

n
70 lnvestigate what happens to the phase of the rays. When

‘%::uﬁu'm uuckncss of t_hc air film is made a thin film o‘fmm::::
_ Sl(athn wedge of air). as shown in Fig 0,606k Al 2
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m where the plates are In contacts, there 1s no atim
B s et MO path differen,,
1@ We expect a constructive interference (a bright spoty on
Sis of Young's double slit experiment. But In actual experim
does not happen. What happened? The stralght forward conclusign,
to solve the problem is that one of the tWo rays has gone unde,
phase change of 180° during its reflection and therefore, the condf.

tions for the production of constructive and destructive interfe,.
ence on their films are reversed.

the ba.
ent thig

In secondary classes you have studied that mechanica]
waves are reflected whenever they come to a fixed boundary.Obser.
vation shows that the reflected pulse is exactly out of phase (180
Phase shift) with the original pulse. This phenomenon is as valid in
the case of light waves as it is for mechanical waves; therefore the
ray be in Fig. 9.6 (a} which is reflected at the upper surface of the
thin film s exactly out of phase (shifted by 180° or half a cycle)
with the incoming ray. Refraction has no-effect on the phase of the
ray and is equivalent to pulse reflecting at the free end- an opera-
tion that does not affect the phase of the ray. Thus the ray ef
emerges without any change of its phase. It is important to note

that a light wave under goes a phase change of 180° upon reflec-
tion from a medium having an index of refraction greater than the
index of refraction of the meduim in which the wave is travelling.

We conclude that only the ray be which is reflected from the
upper surface of the thin film undergoes phase reversal. The rays
be and ef whi¢ch are out of phase, interfere with each other. By vir-
tue of the phase shift of 180° (phase reversal) in the ray be, the
condition for the production of constructive and destructive inter-

ference are reversed. Because the conditions for the production of |

constructive and destructive interference in case of Young's double
slit experiments are based on the fact that there Is no phase rever

cal in any interfering beam. L5

ve
In the light of above discussion the condition for constructi
interference can be expressed as 3T

2QR
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. 1
2t = (m+§-)1.n: m=0, 1,9 3

2 9.10
_,umﬂtuﬂng- A, = e We get
1 .
2nt= (m + 5 )A m=0,1,23 (maxima) a3
and for destructive interference
2nt = mMA; m=0, ],
_ tice, the interf R e 9.12
In practice. the Interierence fringes.are no Y
Se (1% accordance with these equations because thesi s(iic::j:::‘anyln
Valjy in strictly only to the light that falls on the thin film at angles :::3
fore the g0° (nearly normal incidence). As remarked earlier the position of
€ of the fringes depends upon critically on the wavelength of the light used
a Cycle) it is clear that the position for the bright and dark circles will bc
€ of the different for different wavelengths. Hence when white light is re.
Opera. flected and refracted from a thin film produces coloured fringes
ray ef due to the difference in wavelengths of the colour that is make it
L0 note up.
reflec-
ar te 9.6 NEWTON'S RINGS
ling. An alr wedge may be formed between the curved surface of
a plano convex lens and the plane surface of glass shown in Fig.
bt T
e rays
By vir- This arrangement produces an Interference pattern consist-
e, the Ing of @ number of rings centered on the point of contact between

mtcf; the lens and the plane surface. These rings are called Newton's
uonb;’c fings. The thickness of the atr film between the glass surfaces var-
= r- ‘Ies from zero at the point of contact to some value t' at some point
reve E. ag shown In Ng 9.7.

If the radius of curvature of lens R is very !

"lth the radius r (1. radius of a ring). The point ©
— irele due to zero path difference at this poin

299
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for
| fo
Fig. 9.7 Newton’s rings produced by Interference at the alr wedge formed b |
the lower surface of the lens and a plane glass surface. Y
change in phase in the light externally reflected at the lower surfage |
The photograph of Newton's rings shows a series of dark and bright S
fringes. These are due to destructive and constructive interference
using the geometrical theorem that the product of intercepts or
mtcrsecﬂng chords are equal. we have Su
= (BC) x.(AB) |
from Fig. 9.7, we rite
= (2R-t), AB =t
420
’ &r =2R-1) x (4 = 2Rt - t° 4
| g Xamp]
t" being small is neglected, we get If
2
" = 2tR 9.13@ Wavelen,
-the lOWe
r =1/ 2R 9.13 0l " Se
The path ¢
AATR by s ﬁerence for constructive inter ference in this film r:-
e ko
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' for second bright ring (m = 1), we write

2t (l+-... A= 3
t, = ) 21.

for third bright ring (m = 2)

=(2+3) 4= 2%
.‘2"‘“

similarly,for Nth brlght rmg (note that N m+l] we m'lte
= ((n- n# __) A= (N- )2
Substltuting 2t~ tn cq 9.13 (a) and 9.13 (b). we get
}i N -
\\,\v -( 2 =] A
i

= %
= ]/R(N —2—-11
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FUle o P
.

N=14

A= 5.89 x 104 mm
Therefore

P=R [l4-%—)x5.89x 10

R = 125.7mm

9.7 THE MICHELSON INTERFEROMETER

The michelson interferometer was invented b
Physicist A.A. Michelson (1852-1931). The Michelson interferome
ter played an interesting role in the history of science during th;
latter part of the nineteenth century. It has a great scientific impor-.
tance and had an equally important role{n establishing high prect-
sion standards of the unit of length. In contrast to the Young's
double slit experiment for producing interference fringes which
make use of light from two narrow sources, the Michelson interfe-
rometer uses light from a broad; spread source (extended source).

y an Amerjcap

A schematic diagram of the interferometer is shown in Fig
9.8.(a)

J e e (”“’_"“b‘e]
mirror

Diffuse

light source
A >

Eye < .:"JT T

Fl:ﬂn 9.8 (a) The Michelson interferometer. 285030
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It consists of two highly polisheq plane mj it
The mirror M, Is fixed where as the mirror Mr“:? M, and M,
"s.no“'“ in the diagram. In addition to this, 1t ha:s a ﬂTwable as
Ss plate ¢

ich has a thin coating of silver on its ry

:;::'cred plate is called beam splitter and is ﬂ‘:u*‘::: .a—lr:l:g)pma’.ly
relative to the incident light beam. It has also another °‘c:; 45°
which is {dentical to the plate C except it is not silvered. ft’s ;u:)
pose {s to ensure tl_iat the beam 1 and 2 Pass through the same
thickness of glass as shown In Fig 9.8.(a) Therefore, it s known as -
compensating plate. This Is particularly important when white light
fringes (coloured fringes) are desired. A monochromatic beam of
light from an extended source of light A falls on the half silvered
plate C. Part of the light is reflected from the silver surface of the

peam splitter C (at the point p) to the movable mirror M,. After re-
flection at M, it returns to the observer'scye thréugh the plate C. The

remaining part of the light passes through sllvered surface of the
plate C, continues its journey, passes through the compensating
plate D and finally falls on the fixed mirror M, . The light is reflect-
ed back from the fixed mirror M,. It passes through the compen-
sating plate D on its return journey and finally it is incident on the
silver surface of the plate C from where it is reflected to the observ-
er's eye as shown in the Fig.9.8(a). After reflection from mirror M
and M, , the two beams eventually recombine to produce an inter-
ference pattern which can be viewed. :

The interference pattern for the two beams is determined by
the difference in their path lengths L, and L, as shown In figure.
When the two beams are viewed as shown, the virtual image (say
M,) of mirror M,i is. formed by reflection at the stivered surface of
Plate C cotncides with the mirror M, provided L, 15 exactly cqm;: ;0
L, and the-mirror M, and M, are kept exactly at right ar;{glﬂ:; dlsi
and L, are not exactly equal, the image ol thk mmol'd ll! the an-.
Placed slightly from M, (still parallel to one another); an .
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sort of interference fringes result from the light reflected f;

surfaces. The effective thickness of the air film 1s varied ;;m "
mirror M, parallel to itself, Under these conditions, the Interl:’t o
pattern is a series of bright and dark rings.if the extended sa;mcc '
monochromatic. If a dark ring appears at the centre of the lnte:: %
€nce pattern, the two beams interfere destructively. If a bright n:g :
appears at the centre of the interference pattern, the two beams in. \

terfere constructively.

Suppose the extended source is monochromatic of wave.
length A, and the mirror M, is then moved a distance 1/4, the path
difference changes by 1/2 (twice the separation between M, and

M,) a dark ring will appear again at the centre of the interference
pattermm. Thus, successive dark and bright rings are formed each

time M, is moved a distance A/4. The wavelength of light used is |
then measured by counting the number of fringes shift for a given |

displacement of the mirror M,. If the displacement is represented
by x, then -

A

x =3 2 or A= 2%
2

m

If m is several thousand, the displacement x is large enough
so that it can be measured with good precision, and hence a pre-
cise value of the wavelength A can be determined. A common type
of Michelson interferometer used in laboratories is shown in Fig.
9.8 (b) - 3 |

-5
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Beam
splitter Compennator
I

Fig. 9.8 (b) A common type of Michelson interferometer.

9.8 DIFFRACTION

According to the principles of geometrical optics, if we place
an opaque object (an object through which light cannot pass) be-
tween a point source of light and ascreen. a shadow of the obsta-
cle is formed on the screen. In addition, we also observe the follow-

ing :
() No light reaches within the geometrical shadow of the

obstacle at the screen.

(i) Outside the geometrical shadow the screen is uniformal-
ly illuminated.

Fig. 9.9 shows the shadow of a razor blade placed between a
point source of a mono-chromatic light and a photographic plate.

)

?9'09'9 The shadow produced when a razor blade is illuminated by mon-
Matic poin¢ Source. p—

305
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~ Contrary to what we have observed earlier (no light reach
the geometrical shadow), we observe that near e ._ea
“shadow a pattern consisting of bright and dark ban
This leads to conclude that some of the light has be
geometrical shadow. "The bending of light around a
called diffraction.”

wi
edge ofﬁtln !

ds appﬁﬁ;'
nt Insme the
™ Obstacle

The bendlng' of light lL.e. the diffraction effect depends upon \
the size of the obstacle. Diffraction effects are larger only when we 1
deal with obstacles or apertures comparable in size to the Wave:
length. Usually the diffraction effects are small and must be Jookeq |

carefully.

The phenomenon of diffraction was discovered by Francese,
Maria Grimaldi (1618-1663). The diflraction efleet was known ¢,
Newton (1642-1727). but he did not see in it any justification for 5

wave theory of light. Huygens although believed in wave theory of
light but did not believe in diffraction phenomenon in light. Fresnel

(1788-1827) correctly applied Huygen's principle to explain the
phenomenon of diffraction which-could not be explained on the ba-

sis of ray optics.
Diffraction effects are classified in two types.

FRESNEL DIFFRACTION

When both the point source and screen at which the diffrac-
tion pattern is formed are kept at finite distance from the diffract- |
ing obstacle, the wavefronts falling on the obstacle are not plant: |
the corresponding rays are not parallel. Similarly the wavefronts
leaving the aperture or obstacle to {lluminate the screen art not \
plane as shown in Fig.9.10(a). This situation is described s Fresr ‘

nel diffraction.

-

FRAUNHOFER DIFFRACTION
If the source and the screen on which the dilTractlon Pam:‘
is formed are removed at a large distance, so that the c0rf°5P°“
306
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] ved toa
P9.9.10 () F. esnel diffraction. (b) Source S and %ﬁ%g di
€ distance, resulting in Fraunhofer d‘ﬂmdmand screen C tn thetr orgt

lons produced by lenses, leaving source S
nal positions, =

\
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- Single Slit experiment h
i m::imtand how dark and bright bands APPEar in the ai
4 pattern lngide the geometrical shadow of an obstacla : ]
lptrts__te ure, we oonsldgr a single slit which is gradually nanowed?' i
Ps QB shown tn Fig. 9.11. As the siit gets narrower, the dmn |
genee _of the diffracted light increases from the slit (ie, bendi:
mum pbstacle Or aperture increases). In addition, 1t produces f_
Pattem of light called diffraction pattern as remarked earlier. 'n»,e
centre of the diffraction pattern is bright since the light from g
parts of the slit arrives in phase producing maximum intensity dye
to constructive interference. Single source (i.e. single slit) interfay:
€nce is referred as diffraction and occurs for all kinds of waves
L 912 ¥
G ="
o
. | rays from
b g ' elCoee iy
pmdUCCS Z!
| TT ot
| ak in the
oLl :
This
; , : _ parts as st
Fig. 9.11 Diffraction pattern of a slit showing the effect of reducing the width
of the slit. i i
: 210 inten:
S | cancelleg
Consider a set of parallel rays fall on the slit of width a. The ‘ (& ang
light bcnds@tﬁund the edges as shown in Fig.9.12, we divide the. | i 8
3 i
slit into two halves. Mark of equidistant points above and below lmmﬁng |
the centre of the slit suchas c-c¢”, d-d", e-e¢’, { - [,... etc. Sup- ¥a

pose the path difference (p.d.) between the rays from the two edges Con,
* of the slits s one'wavelength (11) as shown in Fig 9,12.. ()

Obviously thc-path difference between the rays from the cen”

the

i
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Fg. 9.12 We can obtain the directions of the maxima and
Jraction paltemm by dividing up the slit and consideringit asmahc?:e ?f :1?2{

Jerence.

rays from the corresponding pairs of points d - d°, e - .
etc.... from the lower and upper half of the slit cancel in pairs and
produces zero intensity in this particular direction. If the angle in-
creases so that the p.d. between the edges of the slit is 5>_ A, a
peak in the intensity occurs. A

This is best understood by dividing the slit into three equal
parts as shown In Fig: 9.12(b).The light from the upper edge and the

ucing the vidh central parts interféce destructively, as seen earlier and produces
zero intensity. Light from the lowest third part is transmitted un-
cancelled andresults in producing a peak in intensity. Fig. 9.12
e.d and e)'show the path difference is 21, 2% . 3) and the corre-
spondiq’g to each path difference, we get zerg intensity, maximum

intensity and zero intensity respectively,

M
N

Consequently, (using figure) we can write
‘asing = 3 - 7 ... (for diffracion
né= 0,1 5 Mt Rt o (for s
maxima) 9.15

asing= $A,+21,+ 3\, tA,,... (for diffraction
A minima) 9.16 (a)

9.16 (b}

- " asinfemA;m=tl} £2.%3..
‘ v'
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1

Inten,suy

m = +1

m = +2

Sin@
Fig 9.13 (a) Photograph of the diffraction pattern produced by a single slit
illuminated by monochromatic light. (b) intensity graph for this diffraction
pattern.

The central m=0 maxdmum {s very bright since all the wave-
lets have nearly the same path length and are in phase. The dif-
fraction pattern produced by single slit and the intensity graph for
this diffraction pattern when illuminated by a monochromatic light
is shown in Fig.9.13.

9.9 DIFFRACTION GRATING

Suppose that instead of a single slit or two slits side by sid¢,
we have a very large number of. parallel slits, all with the same
width and spaced equal distance apart such an arrangement IS
called a diffraction grating. By using large number of slits. the i
tensity and the sharpness of lines can be increased, enabling the
wave length of the light to be accurately measured.

it t
A diffraction grating is a very useful device for analysmgugh

um.
sources. A diffraction grating consists of a plece of glass With ?
v

310
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per of parallel lines marked on ¢, The thin 1.

" |ines transmit light and act as sjyq Afing clear StrPs betweer, the

pcrcm has a slit spacing d equal to 1 66x1

Fg. 9.14 A d{fJraction grating.

A schematic diagram of plane diffraction grating is shown in
Fig: 9.14 where b is the width of slit and a is the separation be-
tween two consecutive slits. (a_+ b) =.d {s called grating element. A
parallel beam of light from the monochromatic source is falling on
the grating, which sends out waves from each slit. A convex lens
can be used to bring the waves together at a point along certain
definite directions, waves of a particular wave length from adjacent
slits are in phase and reinforce each other.

: The parallel rays of light after diffraction through the grating
if differ by one wave length when they arrive at p,-thcy will interfere
constructively. The condition for constructive interference is that
the path difference between two consecutive waves should be equal

t0d sin@ shown in Fig: (9.14).

For the central maximum there is no path difference, so we
call it zero order.

The Istoﬁ& ﬁla:dmun; occurs when

dsing=3. _

The 2nd order maximum occurs when

—
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A diffraction grating with 10000 lines PEr centimes,
el

- minated by yellow light of wavelength 589 nm. At what
the Ist and 2nd order bright fringes seen? L

S ill
es

Solution

d sinB = mA

for first order m = |

SIn® = mA\d = 1(589x 10”) / /10000 x 1/ 100 = 0,584
sin® = 36.1 degrees

For second order, m = 2

Sind = mA\d = 2 (589 x 10°)/ {1/10000 x 1/100) = 1.178

This number Is larger than 1 and so sin8 does not represent
any rational angle.

Hence only the 1storder appaers for this wavelength,

9.10 DIFFRACTION OF X-RAYS THROUGH CRYSTALS

X-rays are electromagnetic waves. They have short wave length
of the order of 10 x 10"*° m, therefore it is not possible to produce
interference fringes of X-rays by Young's double slit method or by
th‘n film method. The reason is that the fringe spacing is given by
-d- L and unless the slits are separated by a distance of the order
of 10 x 10™°m, the fringes obtained will be closed together that they
cannot be observed. : CAETE

However, it is possible to obtain x-rays differactlon by mak-
WS use of crystals such as rock salt in which the atoms are unifor

i
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Consider a set of parallel lattice plane&having spacing d be-

tween each other shown in Fig. 9.15. Ca{\sider a and b rays reflect-
~ ed from the two layers separated by a distance d. The path differ-
- ence between the two reflected rays. is, LB + BC (see Fig 9.15).

It can be proved

BC = LB = d sinf , where d is distance between the athxmc

planes of the crystal. Therefore the path difference (LB+BC ) = 2d
| sinB, Now the waves will interfere constructively if the path differ-
~ence Is an integral multiple of the wave length.

mA <é\/2d sin®
m\

| s%latlon is called Bragg's Law. The spacing ﬁft'he 8&‘1&!«‘ .
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Wave |s transeverse wave,

Transvers

detect polarized |
our of transverg
trangverse wave

€ Nature of light make it ossible

ight.To clarl_fy this let us, :i)rst cons:gefrgiu;:hand
l!l waves. Consider a stretched string along whic?;
: S passing. The particles of the string are vih
:esrlzt:r:dicular to the length of the string. If a block of wooc:i:::h

n it is placed over the string. the vibrations are not affect

when the slot is parallel to the direction of vibrations as shown .
1g.9.16 (b). However, when the slot Is at right angle to th::

direction, the vibrations do not pass.

Flg: 9.16 (aJThe transverse vibralions on a string are not affected {f the slot
s (a) parallel (o the direction of vibration.

() The vibrations do not pass through the slot (b} if it is held perpendicular (¢
the dtrection of vtbration :

A beam of light from the normal source contains large num-
ber of waves. The direction of whose vibrations is completely dllfcl:
ent. This is shown in Fig: 9.17(a) .The beam of light is said :;ect
polarized; if un polarized beam passes through a polm‘lzlnlgln wly
known as polariod. Unpolarized can be represented as two

| 17
beams at right angle to each other as shown in Fig: 9
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pig 9.17 (a) unpolarized ordinary light. (b) plane polarized [i

ht ' fe) Polar.
ized perpendicular to paper. ght ' fe) Polar

- Pdlarization depends on a parallel arrangement of crystals
which has two effects on the light.

| 1. Itresolves the direction of the vibration of the light wave
in to only two directions mutually at right angles. |

2. It absorbs one of these components and transmit the
other as in Fig: 9.18.

The plane polarized light can be obtained by passing light
through a tourmaline crystal. When two tourmaline crystals are
| placed parallel to each other the light transmitted by the first erys- - |
> | tal is also transmitted by the second crystal. When the second

' erystal is rotated through 90 degrees, no light gets through. The
observed effect is due to sclective absory® 1 by tourmaline of all
light waves vibrating in one particular plane, the second crystai is
'kﬂgw-fns analyser and the first crystal is known as polarizer as
shown in Fig: 9.18.

The method of polarizing the light discussed above is called .
Polartzation by selective absorption. However. light can be polar- ‘

¢4 by other methods like reflection. doublerefraction and scatter- |
ng of light, - |

| caty, Polarization of light has many technical and scientiflc appli-
Hgmm daily life. These tnclude : \.

L |
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’ nalyzer :

Flgure: 9.18

the following parameters have to do with the light
tion on the screen.

www.talibilm.com

Analyzer

Polarizer

1. The determination of the concentration of optically 5,
tive substance such as sugar.

2. In photography it is often désirable to enhance the ef-
fect of sky and clouds. Since light from the blue sky 1s
partially polarized by scattering a suitable orientated po-
larizing disc infront of the camera lens will serve as a
sky filter.

QUESTIONS

Distinguish: between diffraction and interference. Can there
be diffraction without interference, and interference without
diffraction ?

Describe and explain the interference effect produced by thmu :
nan 0% |

films an observer sees red colour at certain position by
film would other observers also see the red colour at

same position? :

| A hat
Consider YOUNG'S double slit experiment and explain *

distribt”

(a) Distance between the slits.

"
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Why are the l'ringes clrcular anﬁ‘“why-. _ Bk
? Would the point of central SPOt appeare

l. 3 -

W’h the help of transmitted light?

\
5_ Discuss the s_tatement lhat a diffraction grati
~ will be called an interference grating?

For a given family of planes in a crystal, can t@\wa e
of incident X-rays be: % . :

(a) too large or

(b) too small to form a diffracted beam?

What do you mean by plane polarized light? How does the
phenomena decide that light waves are transverse?

Why Maxwells discovery that light was an electromagnetic .- |
- wave {s so important?

, Which of the following ¢an occur in (a) transverse and
i) longitud:nal waves?

Refraction, Dispersion, Interference, Diffraction, and Po-
larlzat@n

""'.mes Iy

: He’(%a“)’ fringes will pass a reference point if the e <l
- _?for of a Michelson's interferometer is moved by G.QBM s
g wavelengm of light used is 5800A. et

o
Xg
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4.

<M, Wha,
the. 1at is the v W s 5
e Iringes» he Wavelength of the light prq B T
_Teen light of wavele (Ans, 5 4Bxyg rnf

Ngth 5400A° 1s diffr

having

2000 ]lnes cm acted bY gratun

(a) Compute the

angular deviation of ¢
(b) Is a gular deviation thhe..third OFder fmpg,

10th opder image possible?

Ans. (a)189° (b)

Li
ght of a wavelength 6x107 m falls normally’en a diff;
grating with 400 | | S
ines per mm. At what angle to the normg)
are the 1st, 2nd, and 3rd order spectra produced?

Impossip,,,

Ans. 13.9%5 28.7°, 46 10 |
If a diffraction grating produced a 1st.ordeér spectrum of
light of wavelength 6 x 107 m at an aﬁéie of 20° from the \
normal. What is lts'spacing and also galculate the number of |

lines per mm?

(Ans: 1.75 %10°mm, 5.7 x 102 lines / mm) \

Newton's rings are formed befween a lens and a flat glass
surface of wavelength 5.88x107 m. If the right passes
through the gap at 30%to the vertical and the fifth dark ring
is of diameter 9mm. What s the radius of the curvature of the |

?
e (Ans. 23.8m) |

How far apart are the diffracting planes in a NaCl crystal fm;
which X-rays of wavelength 1.54A° make a glancing angle 0
15° — 54 in the 1st order?

| (Ans. 2.818"

stal the A

A parallel beam of X-rays is diffracted by rocksalt crlflg S o i
1st order maximum being obtained when the glaﬂce bétwﬂf“ i::%n’u
of incidence is 6 degree and 5 minutes. 'I‘heIL :listzn‘;culawthc | n:-pm
the atomic planes of the crystal is 2.81x10""m. L2 %n,;h
“wavelength of the radiation. | o) b g
wavelength ot - 10" ) | M
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10.1 LENSES

A lens is a piece of transparent material that can focus a
transmitted beam of light. This is usually bounded by two spheri-
cal surfaces, or a spherical and a plane surface. For our. conven-
jence, we will deal with thin lenses in this chapter. Basically lenses
fall into two categories, converging or convex lenses, and diverging
or concave lenses.

Flg: 10.1(a} Double convex lens (b) Plano- con vex(c) concavo- convex

(d) Doubleconcave (e) convexo- concave (f) Plano- concave

A convex lens is thicker in the middle and thiner at the edgr;
es, converges light rays towards its optical axis, (the line througs
its centre of curvature), so that a beam of parallel rays Conveff:x
at a point F (Fig: 10.2 ). For example in bright sun light, a :0:;- i
lens may produce a spot of light intense enough t0 lgﬂltct ;:hls e
concave lens which Is thiner in the middle and thicker &
€s bends rays outward from its optical axis Fig. 10.3.

—
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Fig: 10.3 ' W)

The point F to which the rays are brought to focus is called

the principal focus or the focal point, and the distance between the | (iti)
optical centre of the lens and its pnncipal focus is called the focal |

gth. Conventlonallyd fs taken (o be positive for convex lenses

8 / . D Ttm

and negative for concave lenses.
__..s;nd nega {@a i
- 10.2 IMAG%@%RMATION | ?&..f‘“
; | We h§c seen that in case of a convex lens light rays from a ' an

_y

.
v »
il

distant point on its axis arrive parallel to the axis and meg-t to

‘an magc at the principal focus. Rays from other points rorm |
3 locations can be found graphically, if the focal lﬁnﬁm |
known. However we cosider only three rays out Of thes
tion determine the location of the image a5

T
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(m 10.4 Location of the rays in mseofat'mvexlenqs \2\ '
B X B
Fig. 10.4 (location of the rays in ;{é of a convex lens) in
~ ray dlagram. Th 2N L e
| -gﬁows:g m. Three rays are drawn I'I'Qfﬁ the Up of the object as
(i) The ray 1 leaving the tip of the object parallel to the axis
is refracted by the lens so that it passes through the prin-
- cipal focus F on the other side of the lens. |

() The ray 2 passing through the principal focus F emerges
from the lens parallel to the axis. sl

(iii) "Ihe.:gy 3 passing through the optical centre of the lens
re@aﬁns unchanged in the direction.

Se, 'Q‘Q;Bcation of the image when an object is plaeedma v
i, Q& ens Is shown in Fig. 10.5 . Convex lenses yield real image b
- &xcept for the case when the object is placed between the prir :

" AN\

%€US and the lens as shown in Fig. 10.6, Concave len
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ﬂﬂhépusmananhgab,_._ e, ‘?‘,ﬁ

e ———
ot -

‘gﬂgm
i
coﬂsid::co

m(ath*
'. Fig: 10.6 / P

The different forms of image formed, with respect to the g,

Ject placed at the different positions are shown in Fig.10.7, Oa
Example 3 2f S 4 2f 3 Image
TR = = description
Gﬂﬂ;ﬂ- 4 in;:ﬂ
dimeru:gd

L
x-S

!:E ) L F e E\\ < f real
Copier . - % ll inverted

.c | Ii“\ : \ '| A rea: : AS sh OWn
Enlar or fnverte

R S
Fig: 10.7
10.3 THE THIN LENS FORMULA
~ Thin lens formula can be developed from the ray diagf
shown in Fig. 10.8.
P.I_T‘II.I'-. et e o jcc
:-.,,'T?, e distance from the optical centre of the lens to th v
A P
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- ve for a.ny vtrmat- abjeu;
{_ + ve for a real image,
- ve for a virtual image
{ + ve for a convex lens
- ve for a concave lens

: . okl length f 1s

Conslder an object whose real and Inverted lma@"\s
L py a thin convex lens as shwon in Fig 10.8.

Fig. 10.8 . <4 q

As shown in the figure the right angled triangles OPX and
10X are similar, therefore we can write

CoP

10.1

RS )
ap. - q-=f

— .
B i) A LI L=
N & e LT ey . 2Ll d
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' -'__'.,.'v'-' -.- IJ.;_.;I.:Iri..w:. L = -L :
=L 't : q Iq-

- mpmg the l’ela-ﬂon, we ﬂnd that ' 3&1
1 1 1

_+_=__

p q S

I
103, (h)
This is known as the lens €quation or |

\ ens fi
Same manner. we can obtain lens formula in cas: Bt the 10'4 t
lens. ' °f 2 concy,, 0 510;
: m
Consider the Fig. 10.9 , the triangles OP N VL
. 10.9, X O\ de
lar, therefore B :‘:caﬂ b:aﬁc
= anef
o _ P _p bt 5
19 ox q 104 | @%° ine
ot 0
Similarly A AXF and A 1QX are similar, therefore Wolﬂnscs' 2
the
& Fx S o 1

g QF f-q 10.5

. 109 .
Fyg . - J
Since AX = OP
TR . S
g -  QF
P = f 106
g = JT-
- simplifying the above relation, we get
F, L =
51. RS 324
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u g R c OMBINATION OF THIN LENSES

in most of the optical instruments two or more lenses
ssed 10 combination. The location, size and nature of the final ;m
g can be determined by using the lens formula or ray diag
| g elther case, we locate first the image formed by the first len.s:
log | yeing that image as the object for the second lens, the final image

qrmed by the second lens can be located. If there are more than

wo lenses, this process is continued: the object for each lens is the
image for the preceding lens Fig 10.10

105

|

L Lz
Object :
P
e e, I
T e R B e
20cm 60cm ﬂ
Fg. 10.10

l Referring Fig.10.10 we can see that lens L, forms an image

4 ms Image acts as a real object for the Lens L,, which forms a

:?hlm%E I, Notice that 1, is inverted with respect to I, and erect
fespect to the object.

| %nwe Shall now consider the case when the two thin lense:o a,::
7 'Dw:ct' Which means their separation is very small as
" \w’c“l lengths. This is illustrated in FIg. 1011

-

- Al
T e ———
e = - ——
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B |
ﬁblm object O be placed at a distance p f
2al image l is formed by it at a dlstancg:;;;i‘
fr " l

‘he ef 15 the focal length of le':zc «-L‘.

This image now serves as avir«tual object for the second lens
focal length f If we negleet-the small separation between the
the d:stance of this virtual object from lens L, will be the

its distance from the lens L . If the lens L, !'orms animagz
v-_i___ﬂual object a dintance q
Ql ]

"fz
2%

e
J

2

R S L gk
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:W.M.li.’
| This close combination behageﬁias a single lens whose focal
 Jength is given by the above relation.

The Eq. 10.13 shows that for a pair of lenses in contact the
I;gm:o{ the reciprocals of their individual focal lengths is equal to
| the reciprocal of the focal length of the combination.

‘\\ '
WEEL \OF LENSES

If t\@#cnscs with focal lengths j and f ~placed in contact

Olher are cquivalent to a single lens wit.h a focal kng&l
satl -.,-'" f + ].l;— the power of the pair of lenses is P = h'#?‘tg

W powcrs of lenses in contact are simply added to Mﬁ
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Fig: 10.13 (Spherical aberration)

The fact that different wavelengths of light refracted by lens

focus at different points give rise.to chromatic aberration.

From the lower diagram we see that the focal length of violet

light is less than that of red light. Other wave lengths (not shown
in figure) would have different focal points. This defect is called
chromatic aberration. This aberration can be reduced to a greater

e

violet
ped

g

-

- Fig 10.14 chromatic aberration

extent by the combination of convex and concave lenses made

/

the different type of glass.

-
e

i -

——— e
-

(328

:

e

[ 1 -
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: ,gww object and image linked by
n 10 fig 10.15. The AOPX and aigx

OP  XO p

< Magnification =
p

hmxs-
by,

\/
<< . |
ﬂﬂ!ﬂ;{& is inverted and if p and q are both positive, Y/ M?_ ave _‘
o ._..;uf Signs. then the formula for magnification bemm

q

p
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t g mater is me apparen,
ated in Fig 10.16 where the &
ons will appear to be of differer,
m; the distance of the object from the
e visual angle consequently it wil) appea
the fine detalls of a small object, we bring as .
possible. thus increasing the visual angle ang % l‘“‘e
real Image on the retina of the eye. But we i thu g
son cannot see clearly an object if it is closer thang‘

ame ¢, D¢
ent m |

i

(0

10, 17[b)

fhere & 1
el Jeast d
ﬂlded eye and B

| sough the ma

therefore

tan ¢

S an g

$ al length of a magnifying glass 'L' such that its erect:
d magnifled image 1Q is produced «t the least distance of
' as shown In Fig. 10.17(b). The magnifying PO¥

- IL| 4
s
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10.17(b)

Where o is the visual angle subtended by the object when

: ;' j aced at least distance of distinct vision, when seen through un-

aided eye and P is the visual angle subtended by the image seen
through the magnifying glass..

‘since o is small

It right angled AOPX in Fig. 10.17(b), we have

B =tanp

P

st tmngwalues of o and ﬂ ﬂmm m" 10:18

. Y i'-':! N
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h _;- A chess plecc 4cm high is located 10 cm, from the convergmg wﬂht maﬁ? o
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TI‘I 1|.|l'||.|| ‘|qu.!I 1 "I"'..,;' '._'lr. —
The magnification 1s given by
' 20 _ .
mep = 15 " 2
e =i
4o

of Y = MY = 2x4 =8cm

em. ThE

wpl‘ 10.2

Solution:-

formula.Since the real image is Inverted,

Ly NG g
M=z — = — =
4 y y

Hence M = :—g— arq = +3p

J—-l-—!—zl
vy
01'-.!....._!_:_1__
p p 20
.'.,31'1-.1
| 3p 20
'\

the magnification is 2 In this case, with final

positive value of image size means that the Image 1s erect

How far from a convex lens whose focal length is + 20 -

nust a specimen of a Red Admiral butterfly be placed if its image
stobea real one, three times as large as the object?

Although we neither know the distance of object nor
that of the image,we can relate p.and q from the magnification

i.e y =3y, the magnification is given

m*w sign is necessary since the image is to be real and
therefore inverted. Now using the lens equation
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ve high magntﬂcaum ’1% ich |
(j a lens placed before the Ghj

3! lengt_h ) i Thc ob_]ect.lve fotTns a real i,
{mage of the Ob_]eCt just placed beyond its fo.
used as a magnifylng glass to see the ‘ma&g
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_ ‘the visual angles s E’tended by the object |
y § and mage respecuvely when formed at the least distan ect AN
. tinct vision i d""'

sa = and p=id

sﬁbstltuﬁng the values of a¢nd B in Eq:10.19, we get

I'g°
o'e MS-B_P-

1Q Q-

The magnifying power of objective L, is given by

e _q ..
M: = = -};— (" A OPX, and AIQX, are similar)

The magnifying power of eye-plece is given by
g’ : j
M;= -Tg- (. AIQX2 and A I'Q’ X3 are similar)

The Eq. 10.20 can also be written as
M= Ml X M2 10.2]

As the eye-piece acts hére as a magnifying glass. hence its
magnifying power can.also be written as

T

8 s
2
By substituting values of M, and M, in Eq: 10.21 we get

10.22

M =-§— (-.E-...])

As the object OP lies just outside the focus of the objective L,

o p-f
Also the image 1Q is formed very close to the eye piece ‘-

337
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Total magnification = 20 x 11 =

10.10 TELESCOPE

Telescopes are used to see dlslant objects.The l{\@; of a dis-
tant object formed by a telescope is smaller than thi&”actual object:
because it is much ncarer to the eye and has a greater visual an-
gle, the object looks larger when viewed thro‘i-aﬁh the telescope.

Astronomical Telescope

An astronomical telescope is needed to see the heavenly bod-
les i.e. planets and stars. It consists of two convex lenses an objec-
tive. L, of long focal length f| and an eye plece L, of short focal

length f,. Fig 10.19 shows the path of rays through an astronomi-
cal telescope.

In order to'dérive an expression for the magnifying power of
the astronomical telescope consider a distant object whose real. in-
verted and};limlnishcd image 1Q is formed by the objective L, at its
focus, °
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romical telescope forms an inverted, virgy,
‘image of a distant object as shown in h,
ce between objective and eye plece is calleq

Qur first step 1S

o, or the objective W

R 10.25

N¢
7 \/

QA

nd B are ual angles subtended by the object
&
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 Substituting the values of a and P from Eq.10. TR

I . 29 ' £ 1%
ma 0.25 we get and 10.2;

I focal length of objective
— =

A focal length of eye piece

M=

From the above relation, it is clear Lhal for high magmtica-

~ tion the focal length of the objective should be very large as com-
pared to that of the eye piece

Example 10.7

An astronomical telescope has an objective lens whose power
is 2 dioptres. This lens is placed 60 cm from the eye piece. When
the telescope is adjusted for minimum eye‘strain. Calculate the
angular magnification of the telescope.

Our first step is to determine the focal lengths of both lens-

|
Solution:- \
|
es. For the objective we are given a power in dioplres '{

t v, = m = 50cm &
f; (in metres) Dower (in dioptres) > '3

The sum-of the focal lengths f; + f; equals the separation of
the two lenses, therefore

fi + f, = 60 cm and f, = 60-f;= 60-50 = 10cm

The magnifying power of this telescope is

"Madl _ 50cm _ .
SR 10cm
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1) 4

. P |
e | ) o g
BT that i
e {f’Ih‘Slsa low.wwel’ tClcscope h!a h-S used to mmine a large Eﬂpy : x‘. J“’ fa
ISl i sky. We would require a WEh-power telescope g gy, - N
" ine Individual bodles, such as moon and planets in closed dety N ;
 inel : : L
9 51
}.' 10.11 GALILEAN TELESCOPE ﬁ‘pfﬂ"‘ -
, : ot S B dp°
e Galilean telescope is an optical instrument uftuch is used to ff ¢ 3‘:[“,613(.
see the objects on earth. It was developed by Galileo. A Galjleq, p (esP°
Telescope consists of a convex lens L, asan objectiveand a concave ”ﬂ p
lens L, as an eye piece. The virtual and erect image of distant object MZT
when seen through the eye piece L, is formed at the focus of the
objective L,. o the right ¢
a:taﬂ“ (+
1
K
19
or 00 = =—m
i
Again In rig]
P=tan B
a\ A
Fig 1020 - "B 19
4 ax;
o'e gx:ié
=/, 10.28 o B IQ
The eye plece L, Is introduced be P
IQ lies very close to its focus. fween Ly and 19 such that %
: By
% OX. = 04, 7 Sy
et 1029 E, blstltu
IR 103
‘I‘hus Ll e lugl:: magnified image I'Q* is pro- Mh I 8
aced as shown in the F1g.10.20 The distance between the objec- }l X
L —— : . 2
—1-1,-‘ 2 342 \
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In the right angled AIQX,, we have

o =tan a (% the angle is small)

Q)

o‘c a e

X,

19

S .
Again in right angled AIQX,, we have
X
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. ERRESTRIAL TELESCOPE Ma‘

" When telescope s used for astronomical purpoge ; W“'ﬂw"
| see the heavenly bodies like moon and stars, the(r image ¢ en d‘d e
*;- W“‘d But when terrestrial objects are to be vieweq i n:een V3 bl’l mgt ﬁ“
sary to have an erect final image. The erection can pe acc?s‘ #10‘" ’olofﬁ o
" plished by Introducing a third lens between the objective ang .. ¥ isc"i"
m of telescope. The arrangement Is shown schcmaucw;)rl: ﬁcﬂd“l
~ Pig. 1021 PE gt
The function of erecting lens is clear from Fig. 10.2) only p ; 518560?‘
e m&,uf
J"’wwtdcsco?c ¢
5 1%
] mr;b\c
It Is & circt
: s, Its height 15 ¢
inverts 1Q to I'Q"and does not change the magnifying power which of e serews L]

Is same as in the case of an astronomical telescope.
10.13 SPECTROMETER
It is an instrument which s used to study the spectrum of

luminous bodies. The essential parts of this tnstrument are {a) col-
limator (b) telescope and (c) turn table as shown in the Fig 10.22

2nd order

1st order
Zero order
s -
_~=" lst order
| I L ‘@

Telescope

......
|

Fig: 10. 22

g
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 {a) Collimator

It consists of a metal tube provided with

a con
one end and an adjustable slit S at 1ts other end. ﬁ:e;‘ml‘“s at ftg
tube is altered by a screw to be equal to the f. &th of the

ocal len
vex lens 50 that the collimator produces a parallel i‘:'af.f t:fen?-
&

The collimator is fixed to the base of the (nstriment while ¢
ble and telescope can rotate about a common axis. lle tumn ta-

(b) Telescope

The telescope is simple astronomical telescope which is used
for making measurements, or for examining the spectrum. The ad-
justment for focussing the telescope 13 made with the help of serew
S,. The telescope can be rotated about an axis,

(c) Turm Table

It Is a circular metallic plate which can rotated about an

axis. Its height {s also adjustable and this can be levelled by means
of three screws LM and N. -

Pl s LS iy

There are arrangements for fine motion of the telescope and
turn table. A vernier scale is provided to measure the angle with
great accuracy, Le in degrees and minutes.

Before using, the collimator is adjusted for parallel rays and
the telescope is focussed for parallel rays or for infinity. For this it
Is focussed on a distant object.

A T T T s st g RPN T et i | sl e s e

Uses

The spectrometer is an analysing instrument used primarily
to discover and measure the wave lengths of a given light. When
l-!ght from an incandescent solid, liquid or gas Is examined by a -
Spectrometer, an image of the slit is formed for each wave length
emitted by the source. Such a spectrum fs called an emission spec-

e B trum If all the visible wave lengths are present in the light which
o E‘nﬂysed the images overlap and form a continuous sSpectrum. i

345
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{ O
<ource emits only a few definite wave lengths, the images , Omwﬂ&m 0
s m B one another and appear as 3 ge Of the Wb etf
it are scparated from ries oft, 10 5)(5 au'l
B selit arc 5. is called a line spectrum. A ight 57 oot
- lines. Suc_h a spl’BCU‘um S thh'd tYpQ of IC“ a CO sz
. '@:ssion spectrum is called bandspectrum which shows bang [Cdﬂ U‘ch :
i - N~ 5
' stead of lines. These bands are found to emit of closely SPaceq b S
lines arranged in an orderly manner. The line spectrum of 5 Mercyr o o |
» Fig.10.23. A
light is shown in Fig 3 i oft
1’ '
$ . S i o™
8 = . R o 2
S © .. s, €0
S‘assc ' of
he abn° ‘,}
4,000 A° 5,000 A° 6,000 A° 7,000 A° : arslgh“d'ﬂ
Wil in ¥
Fig: 10.23 Spectrum of mercury light 22253 din (r
wn as !
10.14 THE EYE K

The eye is very important optical system which has much

common with the camera. Likethe camera the eye gathers light
and produces a sharp image.

Fig.10.25 shows the essential parts of the eye. The front of
the eye is covered by a transparent membrane called the cornea.
This is followed by a clear liquid region, a variable aperture (iris
and pupil) and the crystalline lens. Most of the refraction oceurs in
the cornea, since the liquid medium surrounding the lens has an

average index of refraction close that of the lens. The iris is a mus-
cular diaphragm that controls the size of the pupil. It regulates the

Lens

Caliary muscle

Y Er
£
o o

Vit et
- Mo
%“Erg,
Optic nerve QU’E&N
Fig: 10.24 Retina l 0
e — f ‘ H
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"‘lﬂ nount of the light entering the eye by dilatine « _ | i
. Jow Intensity light. Light entering ﬁfﬁ;";“;&u‘:‘;m in light of

lens system on the back surface of the eye called ;3’ “Weornea Mea-
retina contains nerve fibres which branch out inte my € retina. The

ing structures called rods and cones. Optica) image rme‘ceww- of sens-
retina 1s'transmitted to brain via the optic nerve, ved by the

A]mqugh the eye Is one of the most remarkable creatis
nature, it often does not function perfectly. The eye may have ::‘
eral abnormalities, which can some Umes be corrected by g
glasses, contact lenses, or surgery. When the relaxed cye pmduZ:
an image of a distant objected behind the retina, asin ﬁglo,gs (a)

the abnormality is known as myopia and the perSon is said to be
farsighted. This condition s corrected with 4 converging lens, as

shown in Fig.10.25 (b). When an image of a distant object is fo- ;‘-
cussed in front of the retina, as in Fig. 10.26 (a) the abnormality is ?‘
known as hyperopia or short sightedness. This condition can be :
corrected with a diverging lens as In Fig10.26(a), (b). E

:

(& (a)

Fg: 10.25 (a) A hyperopic eye (far £ 10.26 (). () Am
- 10. : yopic eye (near
:gx ESMWSWM'W‘msQMewBsJ@Mmem
tand so the tmage of a distant and so the tmage of a distant object ,
object focuses behind the rettna. (b) Jorms (n front of the retina. (b) The B
The condltion can be corrected with condition can be corrected with a dt: A
a conwerging lens, verging lens. R

QUESTIONS

1. How can a real image be distinguished from a virtual image?
5 Can each type of image be projected on screen? Explain.
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NTADE _I.
':'l\

e p __: .:'i nature ﬂ!d slze fﬁr’ 5o
1) cont lens (b) concave lens, !

7':g convex Icns of small focal length pﬂeféﬁ‘&f ﬁ.
ifying glass? -

: ne the construction, working and magnlfylng @
nd microscope. :

5
3 mu the magnifying power of a (i) telescope a micro-
. W affected by Increasing the focal lcngthéf, elr objec- apar
it : |
| is the difference between astronom!cal and terrestrial 8. 1\9(;
,:-:.t &87 .
leng

1 the defects which oceur, In the lenses, and how they
ﬁm he removed?

|
‘| |

TN
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1 g 3. Two converging lenses of focal lengths 40 em
~ placed In contact. What s the focal length of this lens ears.
natlon?What Is the power of the combination |n d'%mb

(Ans.22.2 em 4.5 d(o;:zm
4. A converging lena of focal length 20 em (3 placed Infront of a
converging lens of focal length 4 cm. What 1s the distance be-
tween the lenses If parallel raya entering the first lens leaye
the second lens as parallel rays? (Ans. 24 em)

5. A parallel light beam s diverged by a concave {ens of focal
length- 12.5 cm and then made parallel once more by a con-
vex lens of focal length 50 cm. How far are the two lenses

apart. (Ans. 37.5 em)

6. Two lenses are In conlact,a converging one of [ocal length 30 em

Ty .' and a diverging one of focal length -10 cm. What is the focal
g 18t & length and power of the combination?

and 50 cm are

MR A R e

(Ans. 15 cm, -8.7 dlopters)

e magnifgpe 7.  Moon light passes through a converging lens of focal length

19 cm, which is 20.5 cm from a second converging lens of fo-

. cal length 2 cm. Where 15 the Image of the moon produced by
consinle® the lens combtnation?

(Ans. 14.5 cm from the 1st lens, 6 cmn from the second lens)

8. F""d the distance at which an object should be placed in-
R front of a convex lens of focal length 10 em to obtain an im-
" age of double its size?

(Ans. 15 em for producing a real image, 5 cm for producing virtual
image).

A compound microscope has a 12 rnm focal length objective
and a 75 mm focal length eye plece:, and the two legm are
mounted 200 mm apart. If the final ymage IS 225 mm from |
the eye plece, what Is the magnification produced?

' pen-Rg g "
QH.Q § |‘ g™ '.'P-'Jl_l-ll "
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._lmmpc has an objective with a f@c’al length
d a tube 100 mm long. An image” 13 produced
N the eye plece when the object 1s 12 mm [rom

u | Vhat is the angular magnmcation?
(Ans. 31)

lens of 4 d10ptr§s is combmed with a diverging
power and focal length of the

| the lens 60 cm towards the ob-
ed on the screen. What is the fo-
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