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PREFACE TO THE FIRST EDITION

A better appmch to define physics is to know whay Physicia,

are concerned about. Physicists attempt to understand the basie
that govern the operation of tbe natural world in which ye
Physics & truly a fundamental science, encompassing a range

subject matter from atoms 10 galaxies and even beyond, nto thy

miniature world of sub atomic particles and unimaginably amg;’?;/ |
the nature of universe.

The :ecbm‘qug and concepts of physics bave been adopted 14
every otber sclence imaginable such as archacology, molecular

Itve,

bfology, ;ne!eom!og, sefsmology, ocmnogmpby, geofogy,” elc. A

Modern bospilal {s equipped with laboratories in which the most
physical techniques are used. A knowledge of physics helps, to

understand e \basic .éoncept involved and Imteligent, use of I

everything such as-light micmscope, electron 'micmscope, X-rays,
ultrasonic probe (ultra sound machine), C.T (computed tomography)
scan, elaborate radiation detection system used in nuclear medicine,
etc. In short, the physics has played a vital role in the achievement of
scientific, engineering and technological know-how which are known

1o us. R:cref?c% keeping in view the role of physics and hence its

importance \the Iracking of new developments and concepss in

mc%enwy'uuﬁ:b to keep abreast of what s bappening in
__ lbebmad technological segment of 1be human activigy.

- Many devélopments have tasen place, since the publication of

Physics Vol I published by Sindh Textbook Board, Jamshoro.
 Keeping in view, the advances made in pbysics and us relationship bo
e other fields of sclence & engineering, the Mintstry of Educalion
oA Com

a 0N ™ -
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nces, :agn ture, eic

ng@@*ﬂ the text is

ily understandable and of the level of the
hension of t#?} Studenis of ihe bigber secondary  classes,
ed /  for hig} studies in enginecring medicine, natural

tllsprepamtwn qfthzs edition startmgﬁ'amﬂn
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CHAPTER 1

The Scope of Physics

1.1 DEFINITION OF PHYSICS

The colours {n the rainbow, the dropping of a mango from
the branch of a tree, the rusting of an fron 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 science. - » ' \

The subject of science is classified into two main branches :
() the physical sciences and :
(i) the bioclogical sciences.

The biological scfence deal with living things whete as the physical
sciences are concermned 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.

Physlics fs therefore an experimental science which depends
heavily upon the objective observations and measurement of natu-
ral phenomena.

'Ri‘\c«\h!smry of physics Is as old as the history of mankind. Even
the cave man was aware of the production of fire by rubbing two
Stones together. The Chinese for the first time manufactured paper
mvme). Egyptian used to measure the flood level in the river

The people of Euphrates and Tigrts valleys were aware of ca-
m‘rm they had the knowledge of geometry. The people of In-
- 9usvalley were the ploneers of decimal system.

= .Dnr'Fr\r\'l-’)/l 1L AT
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" The history of Greeks Is full of inventions and dmme. _
 the fleld of all sclences, and specially tn physics. Archimedes Pein.
3 ﬁﬂh" still an tmportant topic in elementary books of Physics
. invented lever and screw, Pythagoras, Galen, Plolemy, and oty
" are famous In the field of mathematics. astronomy, mcdlc(ne.ﬂc.
' bution of Muslims in the fleld of sclence 1n -
-anﬂmmp::;:x;mm particular will be described in detatl 1n iecf,::
Significant contribution was made by Gallleo-Galilet (1564.
1642) through his work on the laws of motion in the presence
constant acceleration. Johanne Kepler (1571-1630) was his ¢gp.
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.
em physics began near the end of 19th century. There are two S
main branches of physics now, namely Classical Physics and S,
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 G
with the speed comparabie with the, speed of light. The other -

!
-

We are fi

branches of Physics are as follows:
()  Particle Physics

(i)  Nuclear Physlics |
(i) Molecular and Atomic Physics 4
(ivy Plasma Physlics P - ‘
{v) Astro Physics '
(v) Medical Physics.
(vif) Solid State Physics.

1.2. ISLAM AND SCIENCE 1.3

In th\q fleld of scientific research the strong {ncentive comes
from no other book and no other philosopher as it comes from the

Holy Quran. We are told tn Surah Nooh. Proph
~ "Do you not see how God made seven heavens One above the OoGK
other ?* 5 P

: rived
And He has placed the moon as a light in them. . Batta
- He has made the sun as a lamp n i
; ; nome

Surah Nooh Ayah 15 and 16 (refcfﬂ"ﬁ

Parfacto A oom
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and the earth

‘Our Lord! Thou hast not made this in vain, \g?‘

e QO
‘be Thee,
x\&

‘us from the agony of the fire
Al-Imran Ayah 190 and 191 (é<
' again emphasized \“§/
Gox ‘1s He who has ordered th ean for you that the ships
may sall there, In together wnh hts command.

REasec s TrCon -

And He has oid@& or your benefit whatever is in the heav-

ens and what in the earth, all is from Him.
‘Most sur cre are signs in this for a people who reflect

@asm (Ayah 12 and 13)

T TRIBUTION TO PHYSICAL SCIENCES
- BY THE ISLAMIC WORLD,

by the Quranic verses and teachings of the H
unad (S.A.S), the muslims translated the mem
ﬂ:leoﬂglml search at the end ol‘nlnlb ntury
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|.r .

tstanding Muslim scientist. named. Al-Khawarlzmy, .

cr of Analytical Algebra. His famous treatise; "Hisaby.
' _ is the first work

x. on this subject. He Inventey
" the term Logarithm (algorithm). Omer

, Khayyam was one of u“
prominent mathematicians of the Istamic world. Bertrand Russe|
muked about him with the following:

man known to me who was both 3

*Omer Khayyam Is the only
poet and mathematiclan®.
great physicist of the Islamic worﬁ

He wrote many books. His master plece work was the book named
"Kitabul-Manazir”. It {s the first comprehensive book on' light. He

developed the laws of reflection and refraction. He constructed the
pin hole camera. The most wonderful chapter of his book is on hu-

man eye. The information glven in it is still valid and correct.

_ Ibn-al-Haitham was a

= - i, &
Al-Razi was the most prominent and greatest physician. He
wrote about 200 original monographs, half of which pertained to

medicine.

Abu-Rehan Al‘Beninl was'céniémporary. of, Ibn-e-Sina. lie
" was an astronomer, physician/and mathematician. He also lived In
India for sometime during the reign of Moghul emperor AKBAR His'
famous book Kitab-ul-@anoon-ul-Masood! is considered as Ency- |
clopaedia of Astronomy.

~ Yakoob Bin Ishaq Al-Kindl wrote many books on mathemat:
ics. astronorqq.@cdl&e and other subjects:

- lbr@f(yglna was famous for his original research in the fleld of
mcdlcl@s e discovered the use of catheters. He gave intravenous
injections by means of a silver syringe. He Is famous because of is

medical text book named. Al-Qanun-Fi|-Tib (Qanoon). He als®
‘wrote Al -Shifa an encyclopaedia of philosophy. This comprisé: 1
: mecbenslve reatise on logic, physics, mathematics and mek .'
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otlon of a I1d of a kettle observed by George
led him to invent heat engine.
. «m 19th centuty the sclentists were able to use electrical

gy. The use of electric motors and gencralo celerated the
[ industrialization. With further ad in the fleld of

_ cs and technology, we are using mlcr Q’avc ovens, refrigera-
_‘:a!rcondmoncrs. vacuum cleaners, w&;ﬁng machines, etc, for

R ': 1S of recreation and luxury hm also provcd a mile stone In the
e °5:rfe GO
se ol ﬁj?ﬁ‘lcs 1s O‘gs‘bﬁé'd m fields of

m[croscopc the usc of laser in surgery,

’?(‘9 adtation system In nuclear medicine, the use
ation for diagnostic purposes.

mpact of such developments and discoveries on our so-
18 indeed been great and it Is very likely that future discov-
- gfvelopmcnts will be exciting challenglng and of great

»

un - ”
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~ In CGS the fundamental units of “‘J‘E mass '-'Hﬁme s

timetre, gram and second respectively. -

r In the British engincering system, the unit of force, lengy |  Caestum s
‘and Ume are chosen as the fundamental units. In it the uny i)
mass s a derived unit. The unit of force, length and tme grp | are ampe
pound, foot and second respectively. . prehensi

In another system known MKS, the length, :ihe mass 1.7 B
tme are measured in metre, Kilogram and second respectively, (a)
In 1960, the genral conference of weights and measures, o &
mended that a metric system of measurement called Internationa) ...~
system of units abbreviated (MKSA) SI in all languages, system ot
d'internationale be adopted. The SI units are dertved from the earii.
er MKS system, 8o called becausce its first three basic units are me. (©
tre (m), the kilogram (k@) and the second (8), These @re expressed -

' oLy . | parallel

‘ . - section,
1.6 MEASUREMENT OF TIME & "
Before 1960, the standard of time was defined In terms of length.

mean solar day. Mean solar day is the length of a day measured |
throughout the year. A-solar day!is’ timeinterval bebween, two suc- |
cessive appearance-of the sun overhiead. Thus mean second, repre- - I
senting the basic unit of time, was originally deflned as {1/60) {1/ of the |
60) (1/24) of a mean solar day. The time that is referred to rotation 5 |
of the earth about its daxis is called universal time. For reasons §

which we need not discuss, the length of the day varies throughout =

rectior
the year so that an average value has to be taken. the i
A high ‘precision device for measuring with tremendously | newto
large accuracy is the atomic clock. The time can be measured toan -
aécurac{g? one part in 10'2, This is equivalent to an uncertainty o
less than one second every 30000 years. The atomic clock 18 100 i
complex a device to be described In detatl, but briefly it is a radid of car
transmitter giving out short waves (about 3 cm long), the frequenc
which s controlled by energy changes in gaseous caesium atoms: 1.8
The great advantage here is the frequency (l.e the number of Vibf
tions per sccond) of the changes Is constant and not subjected 94
error. With this much high accuracy of atomic clock, the 8704 .
wasredefined in 1967. as the time interval occupled by 9192 631128 —

Parfect2 A com =
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D E.COIM/C/VIDUCAITDYFU 1 UREDUVULC TURTS
o n coresponding to a apecified energy change In the |

. hﬂﬂm to the basic unit of length, mass and time there
‘are ampere, Kelvin, candela and mole in SI. For the sake of com-
prehension all are given below with brief description.

- 1.7 BASIC SI UNITS

& (a) Time - Second (s)
'ha; A second is the duration of 9192631 770 periods of radlation
tem corresponding to the transition between two hyperflne levels of the
. ground state of caesium-133 atom.
Recy (b)  Electric Current - ampere (A)
>d Ampere s the current which, if maintained {n two straight
. parallel conductors of infinite length, of negligible circular cross-
l section, and placed 1 metre apart In vacuuf, would produce be-
. tween the conductors a force equal to 2 10" newton per metre of
- length.
ed :
o (¢} Thermodynamic Temperature - Kelvin (K)
| X, .
e- Kelvin, the Gnit/of thermodynamié temperaturel1s71/273.16
|/ of the théermodynamic température of the-triple-point of water.
ol (d} Luminous Intensity - Candela (cd)
“ -
it Candela is théluminous 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
newton persquare metre.
A Y

\
! @?‘ Amount of substance - mole {mol)

&Aolc Is the amount of substance of a system which contains
4% many elementary entities as there are atoms in 0.012 kilogram

of carbon- 12,
1‘3 ‘Dimension

i mword dimension has special meaning in physics. It Is
' ‘lbdemu the nature of a physical quantity. Whether a dis-
> Measured in any units, metres. miles or even light year, it
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arements of physical quantities involvs some degree
y in them due to instrumental error and 1e
fore the knowledge of precision of a
t. It s essential that we unders
rimental accuracy places on num _
10w Investigate how we handie numt%u%“ t are not exact,
e that the length of an object Is recorded as 16.7 cm. This
ment Is an approximation to the nearest length of a centi-
and its exact value lfes between 16.65 and 16.75 cm. If this
rement is exact to the hundreth of a centimetr . it would-
¢moThe value 16.7 represents three
7 WHlE tHe gttier value 16,

i %#{9}-. 1T QA 1 \W\UJ

-one which is known to be rea-
rly, a recorded mass of 64C8.2 gm means
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VWY OLUDE.COM/C/IVIDUALD Y FU | UFRE
we g%t could be written as 2.500 x10N. four signifienn,

\ lfauro stands between two significant figures, 1t 1g “Bél

If a measured value is 8.3867, only three of whose g, o
are significant, we round it off to 8.39. A number is roundeq
to the desired number of significant figures, by dropping ong g,
more digits to the right. When the first digit dropped is Jqq,
than 5, the last digit retained should remain unchangeq, When
the first digit dropped is more than 5 or when it is followed by digite
not ab zeros, the last digit retained should be increased b

\

If two numbers are divided or multiplied, the result has g, |
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 number is, 4.71, containg-
three significant figures.

Problems. |

18 Find the.area of a rectangtlar/plate haying lepngth

21.3 £/0:2) em and width (9.80 = 0:10)cm.
: S o : Ans (209 £ 4) em? |

2. Calculate (a) the circumference of a circle of radius 3.5 em
and (b) area of a circle of radius 4.65 cm

Show that the expression S=V¢t + -lé- at® is dimenstonally

correct, when'S is a co-ordinate and has unit of length, vis |

velocity, ads acceleration, and t s time.,

A
4. Sup the displacement of a particle s related to a time
acerding to expression S = ct®, What arc the dimensions of

the constant c.

| 5.  Estimate the number of litres of gasoline used by all Pakl*
stan’s car each year

glven:
- No of cars in Pakistan
" year by each car =16000 :
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CHAPTER: 2

Scalars and Vectors

e
% 2.1 SCALARS
e
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
J same physical dimensions (units).
Two or more than two sealars measured in the same system
# of units arefeqdal only (f they have the same magnitude (absolute
' value) and sigh. The scaldrs ‘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, velocity, acceleration, force, moment of force, electrical feld
strength, are all vectors, because none of these quantities have a
0&: meaning without a mention of the direction.

A vector is represented graphically (Fig. 2.1) by a-directed
line segment or an arrow-head line segment, Q_ﬁ.’ whose length and
direction colncide with the magnitude and direction of the quantity
under consideration respectively. The tall end-Q is regarded as ini-

S Point of the vector and the head-P is cafled terminal point of

‘%ethAru.com - -
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QU=EE s |

":-.'“ i gﬁlq
J gL ykh“gﬁﬁ x —'._
JHIIII |

q'mma?w

respectiv
above the

&n without any consideraﬂon :
. fig 2. 2(a). Thus 5

f@n () OA = OB

e OA is similar to the dlrection of OB- 7
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DDITION OF VECTORS

Consider two vectors ax'and starting at a =
‘shown in Fig 2.3. Let two vectors be the two. a@

 side nl'-a paral]elogram cox;:}p!e e the parallelogram OBCA and

lmdﬁe
> get

 Definition the sum or resultant of the vectors OB and
= 0A') is given by a vector OC. (The diagonal of the
). This is the paralleloglam law of vector additior hh
the initial point of BC on the termmal M__
ng the terminal point of BC to the initial point
-** ls then regarded as the Initial M
M ﬂw tmnhml polnt ef me. esull vect
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- -' quanuUes havmg mag "'-;
ma law of vector addition. ‘l‘hu

m the vector of same kind,
n with acceleration, force witl

-- @
h an!nat!on of resultant éF”tﬂ’O bector

der the triangle OCA.\{zapresenung OA.
R:especu\re!y. we ha@y the law of cosin

= A‘-I-B’ 2AB 6’93401\(:

.if'* "’5‘ U, COm

ines Q(?/Qnagmtude,n of the result
hl L 7 R
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c;tf?élu .tom
. '] Represents new vector after multiplication when scaler "
e mulipher@p’ost tive A1

- [d Repres new vector after multiplication when m
. multiplier, m, is negative

he multiplication of a vector by one or more mmw

s g -._. e, by the following rules:

-
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"'"',&'glven direction and whose magn
rred as a unit vector. We use special n

4
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important set of unit vectors are those havin@)the direc-
of the positive x, y, and z axes of a three dimensional rectan-
oordinate system, and are denoted by i, j ‘and k respective-

l' a vect@rA with- lts mltIa,l point placed at the origin of

@l‘Flrgﬁgf sys},&n"as mhrm

1 [Eq 2.6(b)] the vecto,rs IA;Ii 1Ay jand IAzIk are referred

component vectors of the vector A in the direc-
z axes respectively. Also |Ax| |Ay| and
gular components of A along positive x.y and
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x
DSITION VECTOR

»pose we have a fixed reference point |
v the : position of a given point P w.r. to the@&i‘lt O by means

- having g magnitude and direction re_%ented by a direct-
e segment OP as shown in Fig. 2.8(41 This vector is called

jon vector. We call OP a position .@)\:I’or. since it determines
- ':I'_'_ don of the point P relative to the flxed point O.

I ... S .
"' " ﬁtﬁﬁi i%éw{r?é J. 3 and starting at
} O

O~
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: " _-.“ ¥ h
i -
.\,

F— ‘- ‘!“ .
' d‘r bmby

mlu 2y

w to note that while all vec
-.=— s mponeuts of the poslt!on vcc}o are }

are subtracted.

Kr?ors A and B represented by directe
ts PO % respectively, as shown in ng.zm .

dlrecled line segment XY denotes the

-~

 Is equal and parallel to vector B but u wil
[ ﬁ i T

Mweagthe\m f
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0 PROPE OF VECTOR ADDITION
FF _ m@u}}at{u law of vector addition.

' r two vectors A and B . Let these two vectors repre-
e two-adjacent sides of a parallelogram. We construct the par-

m&:ashown_lgtﬂg.z.w.thenmewocnp;_ -

. sultant vector R. From Fig. 2.10 we have "
_‘. 1 } 3 . | L

B

A‘.;‘_‘
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?lg 2.11. Once agaln uslng ‘

.t-v &
L J?ld\-i-B) +C

R . = A+(B+C)

'-i | — :
'-‘Bﬂ +C=A+(B+C) Q?"
e language of vector algebra, thi Q/pcrty of vector ad-

m:red as assoclative law of vector addition. Consequent-
basis of these laws we concln\ that the sum of vectors
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| Comblne the vector og and ochy heJa
and obtain the resultant displacement

; ?‘% 1 l e
atively, we can obtain the resgj(ant d‘l-spl-acemm vec-
' tors and simply

‘(‘70
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[d) Sum of
leJSumg(Qtorsb_' b—'andw
UJS%Q;W.;O—' O0B'and OC

> is subject@% six different forces such as F,. Fa
' in Fig. 2.13 (a). Find out the results

4

ch a way that thevector r-',__
thchmla!pomtofvcctar
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¥

er three vectors A , 5,0 and é’ P FLL ln*
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\ .

.!’ ;m'P'

he resultant vector -

QO
e_mN AND COMPOSITION BY ‘?“

or. whlch is analytical. fere the given vector is rev'
D components w.r.to a parttrgyl‘ar coordinate system. '

@4% fodopen)
Fi (a). |
| point P of the vector A fig.2.15(b), we
lines PQ and PS on x-axis and y-axis, re-

&\39 Is denoted by vector , Ax» as it Is directec

and the line PQ is denoted by the vcctor.Ay. and it
y-axis,
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@rfe CI S 4 ' Cdm .

F.2.15 (o) A AWW"“!M
2, & a:mpa'lemsOfA are A.MA
esolution of vector A tnto s scularmm

¥ 5( L
= qi.

? Ax and Ay represent the rnagrutude&aﬁ&.a
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¢ ,_-;-tltles A and Ayi a& refcrred to as vector com- | .

_ uc,,mmn
tude A and direction 8 and the qmy

-tandy 0!
m ﬂ,_.mn_ -.
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de twovectors A and A, having mlﬁmde A and ‘5 . |
. The vector A maku an angle §, ‘and the Vtc!orA’ h -

' ange 6, with the + ve x-axis as in Fig 2.16 (a).
- R g‘,/}

the vector A into itajéétangu!ar components A
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A COS8, + A;cosH, &O _
ilarly the sum of compone\ht vectors along y a:ds

fthQélu coms
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the positive x-axis to be east and positive

dlrectlon Fig 2.17. First we draw the line C
'kmg the +ve x-axis which reprcsems
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-':’_;._“ "‘".}‘ - - tude °r the resultant vector is

% 1)

= )/@75F tami + (75 /31

ey

agnitude of Fesultant vector = 304.138 km and directi
tant vector Is 25.28° north of east. »
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| — — Blagy- .~ _ SN0 e

150km f 6

~2~
0= dﬁ’ (0.4271)-25.23 S ‘b‘ sy 1 |

h gives the direction of the resultant le\gég; north of

-

1e two methods produce same resultséawever. the secend
hot bﬁmstﬂcted to the addition of. two\ﬁctom only, while the

e generzl and oan he uscddo find the sum of two or
 fwo vectors.

BRefcct?4u.com.

O c°planar vectqm with reference to a rectangular coor-

(3.4)—w (6.4)
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PRODUCT R
ol . Lo
udied earlier the muitiplication of a vector by
SRTo it Vo)

um to multiplication of a vector by a vector. it

ities of new physical dimension as explaine

- g
LAR PRODUCT OF TWO VECTO @Qj{

- operation of scalar product of two vectors involves the

(Y
on of two given vectors in‘such a way that the product

Consider.t t@ @&dﬁ'}é’hav;é inde B re-

nd having ar@g)?é/between them as shown in Fig.2.19 '.
alar produQ&af two vectors A and B is defined as "the

‘H}s of the vectors and the cosine of the angle
| u

A.B.= ABcos0; 0204n -

=

e

tion Of Kand -é. i.e eé 2x - G.Wthh is | all & 2l "-

1 '.'.;n_‘i

» 0 between K and -é is the smaller angle between
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i.i

;ﬁ_J'.4k=k.‘ =0 \>

uj.jﬂ k.k =1 <§

<
&

2 LAW FOR m ODUCT

onofA asshownmng 2. lethlr
g. 2.19(c), L.e.,
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-3
B

Ml ©
(c)

b

. | = o | <
. 2.19 -(a) Two vectors A and Ei’ and havgn’g%ngle 8 between them
i - (b) Projec;ton of vector B onto t{té«f'“d"trectton of uectorz

. 5 ~ o 4
. [c) Projection of vector A onj‘Q\the directton of vector B
il 5 3 =4

7. ~N *
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<¥
&

2
\S
e the scalar product of mé:Po!lowing

'&?f cit com
it - 2k). U{)@ )

)| .

.Jand k represent unit vectors along x.y and z axes of
lensiona gular coordinate system.
<

= i
/

= lillil Cos0® =1
= il 1k1Cos90° =0
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P
S Y
AL
T

({e2f +2k) \C:? {+2]+2k
-____————l-——-—'\\‘/ = —————

- _‘-_.-‘-._. 3
e momhm :

r%ec—é&?’élu Com

to the direction of vector b is

al. - 2%k

-—-—*

3 3
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ent. work which ic

---l

gs
3P
g is displacement whlcbi%ven by

RS
“Parfo ?

= (1) ‘</ (-3/))  + (5k)
- S

ls applied force

(-3§) P (5k)
i G‘b’d = (41 -3) +2k). (;{_.31 +5k)
;! _néi.t 4 9 J

= 449+10 = 15



https://www.perfect24u.com/
https://www.perfect24u.com/

- =+ ' = '
\and Bare such that 1Al =4. | I Bl=6 an

he magnitude of veoté;)m B’ and the a
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s a acalar quantity. When deann’ﬁg mﬂ‘; :
- angular momentum, the force on a moving

fleld, flow of electro magnetic energy, et tum |
tion of two gtven vectors in such a :

roduct 15 a vector quantity, This pm@b-'knownax .-
act or cross product.

Y

0o wsider two vectors i' and B, the

rs 18 denoted by AxB :

pmductoannd B :}a)mewvcctorC =Ax B, by
thevectnrc lapcrpcndjmlartothe planecontauungthe.

(4] tude, Bl of the
f-@@?@ nﬁf given by

2.39
; B represent the magnitudes of vectors A and l
, smaner angle between the positive direction of A '
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-
A

vecwrproductAx B Inrfghthandedcoardim
s}wwsvwdu-ectmnqrme uectorc {s that in wh
{vances when turned from Ato B
mamwsmecmcmnofuw vector D change{f%ough 180° when
from B'to A. ‘
|

2 area of Parallelogmm {s given by {heMMM& of the cross

,'."z
\. |

”Dm

2.41 "‘-_li
-[BA sinB] (u)

= [B A 'sing] u - 2 41

es AB sin 0 and BA sin 6 on the R.H.S. of Eq 2
he magnitudes are equal
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Pplane containing both A and B
- and Eq 2.44, we conclude the cross produet is
perpendicular to the paralletogram defined by vector A
and Vector B and its magmtude is equal to the area of

“‘f"" CrP4u. com .

LES OF VECTOR

i) the vector product. A x B. g

- polnt O, denned as

a vector joining the point 'O’ to thg‘ lnl of

. _._'m1 . .
=i
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[“E&I@4u cortil

@li-Aji-Ak

<

&\)Q. B! + B j + Bk
due orvectorproductmnbewmtenu _
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 cross product lie parallel to z-direéﬁ\o

<
<(/‘</

‘Two sides of a triangle are ror@éby e vecton A < dr P
k and vector B = 4i - -Jj+3k. Défcmune the area of the triangle.

feQﬁt@ZlU oSS

" area of trian terms of vector product is given
l. B)l

@Q:s; 2k) x (@i -j + 3K) J .
€81 x (41 -f + 3K) + 6] x (4 - j+3k1"
2kx(4i-j+3k) g

121xi-3ixj+9ixk+24j
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("s
‘(2) Calorie

.
- L, ;
. ‘.,.
-~ | - 3
L —— —

(8) Distance
(10) Magnetic fleld mmay
(12) Work _
"5 (14) temperature
ational potential  (16) Charge
g stress (18) frequency T
(20) Electric fied intensiy.

%t?ém 2Om

(8] scalar
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force on the ship.

Ans : 10392 N
Q‘b

. The position vectors of poi &Qand Q are given by r=2i

Yy = 4i - 3j + 2k. Dete PQ in terms of rectangular
i T

s. 2i -6§ +3k.<§&
| o&

e vectqrsx =31+ j-2k,
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ir weighing 10,000 N on ahmym!chmakes |
t.he horizontal. Find the gg?rrponcnts of car

d'_ perpendicular to the m@;

'nofthcvector A={ -2 + k onto

! -4 +7k.
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(a)AxB (b)BxA. (cl()t + B)x {A-B)

PA.com
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Perfe
R 2 Q .
TR
S

A

L [._'_. i:'_ »
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YEUTUDE COIMI/C/IVIDUA B Y FU TURE DS

A CHAPTER: 3

3.1 DISPLACEMENT

The change of position of a body in a particular direction is
called it displacement. By definition it s a vector quantity, If a
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 be:shown by putting an
arrow head at B, which indicates the direction of displacement

B
%)
|
M :
A |
FIg. 3.1 (@ Fig: 3.1 () |

from A to B. The actual path of a body may not be a straight line
fro'f“;?ﬁ to B, it may be a curved path as shown in fig.3.1 (b). The
@9‘\' Teépresents the direction of motion of the body.

2 VELOCITY

The velocity of a body Is defined as the change of its dis-
Placement with respect to time. Alternatively it is also deflned as
the rate of change of its position in a particular direction.

55 ' | !
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: body be at poirit P in Fi&? fonat |
| t to or!gln 0. is rcpre ed by vector OP [

..tz hc ont @904: lQJ desababﬁe]

oves frgx)ﬂo Q in time .At = t,~ t,. it under- |

-

- 1)

ent ctor descrlbmg thc change in position of
0 ” Ptog is Ar which is equal tott-'
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5. a body 1s sald to have uniform velocity i g
ices In equal intervals of time in a given directidn

interval may be. The S.1 unit of velocity 1s Pﬂ* :

ELOCITY FROM DISTANCE - T@&g‘ GRAPH:-
e

The velocity of a body can be deteoéh(%ed by distance |

- >

When a body moves with uplfé:}m velocity it will travel eqtﬂ: :

- e e e e E—
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k!
 limits of a very small At the average will
mlue of Instantaneous accelerauQ??'i‘hus the instan-

ation, a. i, 15 defined as C:}((/

—_—

Av &O’ “'

' : I&Qmélumaamm

g uve accele n is also known as retardation orde-

. o‘?‘

s m/s?
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NS OF UNIFORMLY ACCELERATED
NEAR MOTION i ‘\..

V4
4
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g the eq: 2

I: . ' i
1 2
&

OIt-n- -Lx
7 X4 X t?
@

/\00

Mggﬁ 4u Com

t=9v
=36
]anjh =10m/s
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e i B "
I_ -‘-.I.' d ‘

mmbythewm4m
leoﬂhecar =

]
e drfe gt@:ﬂ:ﬁb m -
Now the dis vered by the car In 5th second
0@3 - 84 = 36m
btraet; R Eq. (2) from Eq. (1) and putungthmvnhu
'J} |§ S‘ = 12053 - 8&
‘ . '- | 36 = 4.5a l

PRI Y
il "
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hady is referred to as free fall%@ody and
: ““~§ o
f vertical motion under 1:he action of gmv!ty
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0x5 + -;— x+9.8 x (52

122.5 metres

\"-?

/5 Q\’

érﬁa@%u com

o~

.y QO
Rra = E(Z/@ .8 m/ sz
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1‘;..‘ ."'".:."\:- il = ? | 0 “
- R\s
Wi nse is taken to bc negative Qﬁusef;[
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_ -tlal posltlon, Let this lnterval :be 'fl"—‘ . ds.
ent after T seconds is zero. The va!ue f

*e»'"
&

= ‘V‘t+'l—at2

B 2 (<
ration a ;@0- -9.8 m/s?

fec@ﬁru com

= O8T - 49T

-~ 98T= 0

= 20 seconds
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Y %

= +98 m/s

+ 98 m/s corresponds to qﬁ: :
us -98 m/s is hﬁc velocity with which

{

.Then /e’sign tells us that the direc-
G Hionrdidofrot )l
= LY
with a speed of 98 m/s in the
e

el - U7,
o

studied motion of bodies and formulateﬂ;?"_ e
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RESFE

A€ motion In a stralght line,
m,.eeondpanofthuhwgmmme
of the net force, which s stated as follows, ' S¢fnltion

Force
which when applied to a body, changes or tengs i

o change
of rest or of uniform motion .¢ produces acceleration tn thelts state
This law L3 also called the law of inertia because 1t mwﬁ;\

. d'awlmportantpmpcrtyofmattcrwhléhhcanedmm

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

~ If two bodlies of different masses are maving with the same
velocity under {dentical 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.

(i) ﬂ__'awton’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

:5.)(¥ . 3.9

%WFB fvector) sum of all the forces acting on the body.
M8 the mass of the body and thie equation 3.9 can be regarded as

#8tatement of Newton's second law of motion.

X The eq: 3.9 can be written as

—p
F
— N
m

69
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A exerts a force on another body@ht is calleg |
1e force A on B. The body B will als{?jéxert a foreeq,

ill be equal in magnitude but gﬁbosne in dml
lled the reaction of B on A. \>

",--'A strike block B with a. force F and the b!tac:llza1

i@ﬁ@%&é@fﬁm

st g the centr mass of the bodies. therefore
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nce covered= S = 20 metres
y applying equation
vf = V[’ +2asS
0?2 = (10? + 2x20a N

L — - - 2
2x20 ZDmis &

&m!nus sign means retardation or decelgrauon)

.Knowing “m" and having I'ound a” \Qe now substitute in
£ a. to ﬁnd F

Perfm x,ﬁ 5 quom

= -2500 N
.,?-_mrage retardation = 2.5 m/s’
~ Average re,t@:\d ng force = 2500 N.

"g{@?‘oy BODIES CONNECTED BY A STRING

o Newton s third law of motion “to every action thcre

: of a string. out ﬂngers will feel a force. lhl.
on in the string. Similarly, when a body ¢
""ded by a string the welght of the DO
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1 masses are suspended by a string from a pulley in
move verttcalty.
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(1) the tension in the string which S actin
on and (1) the welght W5 of the bod

Since the body 1s moving in the’éﬁ

* ward direction so‘ﬂﬂ‘l
net force acting on B in the upward direttion is T-mg | o g
Again we can calcui ﬁ e.forcc on block B by the ap-

plication of Newton nd 1aw
get the cquanoﬂyf mot

6 12
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ey are -,_'lf‘:' Ll
heg o aol

e . "? lﬂalau arf

e

9

D

| O
: 'ilé bo:lF moves vertx%l]y and the other moves

v,

rection of the tension in the string at that
ves vertically downward with an acceleration
y B moves on a smooth horizontal
he same acceleration,
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on in t _.strlng which pulls the block toward the

ce the block is moving with accele
e of force by applying Newton's scc&fg w of motlon.

= ma \CD 3.15

For abtairnng the value of "a“\g:id €q.(3.14) and eq. (3. 15)
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mavmgmth lesser velocity. \

J hus we say that a moving bod'y having gruter velodty has
uty ofmotion than, the body ha ve.loclty

oﬁ-isknéwnasmomen
ct of mass and its velocity.

n'is defined as the product of mass and velocity
can be determined as follows

E-4

Momentum = mass x velocity

= Kilogram x metre / second
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tec .;'sys;tem of interacting bodies.

sts of two objects A and B of
ities Un and U respectlvel -'
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B will also exert a force (-F] onthef_"_ .

> force acting on the body B is also equal te
of its momentum during the time lntelv%

! .. .JII' s

e - \%@

. t
' w ly the average force acting upox@(z bodyA is
v, - m U, \>w

mV, - mU

‘F’"é rfé"?jft’z?ﬂ‘ﬂ“ﬁo m

r X [lel - mlUl)
- lel + m'U‘

= ml-Vl'l'm,vz
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= oothh n ﬂ taﬁﬂg §Phel'es moving

As
ston along '
2@ straight line -5

wo non-rotating spheres of masses m,. or

y along the line joining their centres with Ve
m.ﬁg 3. lO U, is greater than U, so ‘h )
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"l_. IJ.,-.-H‘\}_._ I
|,._|5 g.}\w“.!# -
i "'lmul'v‘%w

Trom [mr)j s

he collision is e @Ue ‘o Klnetic energy of the system is
d and frorq@) above equations we have
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, M~ m =
3(1 .2)Ul+(m+m ..
‘ _n'll + m: L , %
1y we have from eq. 3.23 Qj{

o
\&O -

O
 this va!uc n eq. 3 slwe g"(‘
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II:- Whenali “My collides with a massive body at rest.
= O and m, ; under these conditions m, is so small

to/Q;} that |
nd th =-Uand V = 0. Then body B will

onary while body A will bounce back with the velocity
3,13,

I U, = 0 VIB'U!
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l rt of resls-

try gmne of them over the other, a force is set
e & tact, tending to resist the motion. This is
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Fig: 3.15

'_"rmt the upward reaction R bala the weight mg and
riction Is brought into play. \\ﬁ“i}

~ Ifnow a small force F be ap stied to "G" parallel to the sur-
face, a resistance say f is oﬁ'ered to the motion. If this body is still

Sulrtom undey 0 abtion of the fides R, m,

7\
E 3 3

, mn is equa&é;g'opposlte to mg, the force "f* in this case
must be equal a@opposlte to F.

ce " which ts thus brought into play by m
1a dn'ection opposlte to that of the m
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- mll be lost and the body begins to move.,

tl said to be sliding or rolling according as?“
: ‘-:--st mcuon is muy less than the u@m |
{librium is Umiting, the normal reaction and the fre.

. 'm&&npoundedmwammtantﬁnﬂcfome.them
wultantmkuwlth the normal to the surface is called

-.°“F ”‘f“""“‘ U.coma

Friction plays a vntal Qp in our daily life. Without friction we
walk, fix nails Belts cling to the pulleys, drive the ‘
y because ol'

n ha ?oth advantages as well as disadvantages. Sm
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-/‘ ,,W,( e
“ @\i\\\ '

~ When one body s at rest in contai‘:‘t with another, the fncﬂon |

thc&lcﬂynusaldtobenmmng.andwhm _ "'.“-
y flaing over __19% t@@tm termed
| .,_-;.-_i_'ﬁEFFICIEQ'/l‘ OF FRICTION :- : ‘

: ratio oi\lﬁ?nmng friction to the normal reaction acting be-
in contact is called the coeflicient of friction
denoted by u.

o S f"ﬁ‘ i : N
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inclined s

Whe
as shown

Its State o

L0 *émloell? of the sphere

lus of the sphere.
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Thus il a smal] metal sphcrc is allowed to fall thro a lq-

-the value of F creagé\s and be-

a uniform ve-
with Newton's First
7
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d by vector W. The Incline i ol
pendic

r to the plane m

AT ———
‘take x-axis parallel to the inclined plane and Y-aﬁ
' K’%w resolve the forces along these axesm

perpendicular to the plane is W cos® and that
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i ' :_I.I-Fl .L'.l o

lll' 7 Wﬂﬂé-.i&
“ f = Wsing ': '

“« R= Wcosf = g
*» R = WcosH
rever, the block does slide down with aq%&?:cleraﬂma. :
e a resultant force whose magnit eis glven by the
me mass of the block and the acn‘gé’iauon with which it 1
S C g \'\C:} 5 I ”I
:‘1':.4 3 case Q

i
Elﬂfﬁ@t@ﬂw ee)m i

if the force of ﬁé‘u:m is negligible, it becomes |
L mgsin® = ma

or a = g sind
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nce of friction, the.
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F  + 2aS
tel’ +2%x0.2 x49

1 e 'ua on gun of a television set @%Vélectron with an ini-
d of 10° m/s enters a regib} where it s” electrically

. It emerges out of thls region after 1 micro sec-

' e .; \Mhat is the maximum length

Is w fzqgﬁt a traffic signal and when it tums green.
| irts ahead with a constant acceleration of 2 m/s’.

: time a bus travelling with a constant speedof 10
es and passes the car. '
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WAt a speed of
3 penetrates Into a bag of sand agzﬁ)ls brought to
a0ving 25¢m into the bag. Find the decelerating
e bullet. Also calculate the time n which it is

ghing ng with a spced of 40 kmlh
lication of rakes it comes to rest after travel-
stance \b tres. Calculate the average retarding
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BT - A
102 kg and 45 kg are
WWch lnuu or a g
Myormass 10.2 kﬂm mn
md the other body hangs vertic ind ¢
ofthe bodles, the tenslonofme i
orc e which the surface exerts on the be gy .-

a3 (Ans. 3 m/s%30.6 N, 99.
™

0 grams bullet is fired from a l%gg gun with a s
)X mls What is the speed ol' r of the gun.

ulletls ;E t alOkgblockthatis j-
lsplace at its centre of gravity rise: 'hy O

f the bullet? :

| gun fires 10 bullets per second m &
” t weighs 20 gm and had a speed of w
fnmnecessary to hold the gun in pam
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es on whlch the blocks are resti ‘
the acceleration of the blocks Q.h S
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Motion in
WO Dlmension

. dlsplacements veloque, :
erations. For this, we developed the €quations of }n
jon with constant acceleration. The discussions

-éne dimensional motion that is, motlon alo %

iEus physical phenomena around us, we certajnly

motiqn ut two dimensions;f; a&fiqt;}.ately in
ns as well{The projectile motion and circular mo-

good examples(of motion in two dimensions which we shall
‘here in thj@mpter :

: e*t ILE MOTION

us'begin our study of Physics in two dimensions by con-
1€ motion of a projectile. Any object that is given any ini-
Y and which subsequently follows a path determined by .
force acting on it and by the frictional resistance

here is called a projectile. Kicked or thrown m

Is ebject thrown from a window, a missile shot
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Jotion can be analyzed by considering moy
‘will be vertical plane. In that case we
ntal coordinate and y for the vertical @rdl
ary first to choose an origin, positive d on ang
for the coordinate axes. It is convenient'to measyre
jzontal coordinate x and the vertlcal(coordinate y of
n its starting point. Also, we choosc the positive di-
f x-axis toward the right and the positive of the y-axis up-
e -‘r.iibject always moves downward, this choice means
y will ys be negagve That is, the acceleration
afl rjeerans arld the Accfletalin inx
S zero (because air mctIon is neglected) In addition to
arate the mo n,in two parts, the horizontal motion

tions are found to be independent of one

rtical motion (motion in the y-direction) does
zontal motion (motion in the x-direction), and
.._u’ently. the x and y componenfs of the displace'
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N
Y\@
v
ial horizontal

: Yoz » this horizontal velocity component r walr s constant while the
eonmtt increases linea.rty with the ﬁme.'(@m the motion follows -

ile (in this case the ball) wl;ich can be resolved into vertical

e S AT PN
‘Ther component of velocity, ven by

- gt <> 4.1 (a)
<&

ince there is no horizontal component of the acceleration,
P w velocity, Ox. is simply given by its initial veloci-

- 4.1@®)

4.1 (a) and Eq 4.1(b) are summarized by the impor-
that the instantaneous velocity vector, o,, ’ m-»-
ner tswluchactmdependently Onlythe ical
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- component increases linearly with time. Thus the motion o{"am -

jectile follows a curved path.

Fig. 4.2 is a stroboscoplc photograph of two balls that gy al.
lowed to drop simultaneously, one of them with horizontal velociy
component. The picture shows that the vertical motions in by,
the cases are Indeed identical. However, the path followed by ¢,
projected ball (1.e the ball with initial horizontal velocity, 8,) 15 a
parabola as shown in Fig. 4.2.

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

stumultaneously: the one the left
was merely dropped whilesthe B
other was given an/ Thitldl hort- " B8
zontal velocity. The'vertical com- - [HENES
ponents of the motion of both N
balls are exactly the same. The /5N
stroboscopic photograph was [§
taken with a flash interval of
1/30s.

’ Fig. 4.2 The two balls released S8

4.2 (a)
4.2 )
4.2 ()

4.3
430

4.3

™
,ﬁ“
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ry that a projectile be thrown with <
orizontal direction. A football ceked ‘off Bod 1
‘_ot from a gun, a player making a longjmp,: ;. Lo
of projectile motion. In all these cases the bodles
some angle with the horizontal. As a gener

Maximum height h
at ime T

W
at t.lmc 2’!‘ H

=u

¢ Inltial velocity 1;:, of the shell can be resolved into two 5 t
ular components 9oy and oy along horizontal axis and ver- |
ectively, as shown in Fig. 4.3. The magnltudes of
are given by
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ht of the projectile occurs when the
ocity given by Eq.4.5(c)reduces

?‘ ol
: Y then gives the maximum hegt?”

wn in Fig. 4.3 \
component of ve-
1.__o-u ro as menuoned earl!c;\O
9y = 0 and t -{3‘\\ in Eq. 4.5 (b). we get

rfqut@élu COMa
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_tlle mtums (X:R.Y=0)tscaﬂed er
represented by R, as shown in Flg.4.3, :
|_|;‘ .

nd the range of the projectile we makeee of the L

otal flight requires a time that is twice @m“-nw- il
1 the maximum height. Therefore we set . "

Ithn t =2T X & v
Eq. 4.2 ¢, we find
P X = Ot

4.8

= 20, T ..,,,.,
erfegi24u.com
ibstituting for T -.2,\-%- , we get

S “Kooy i

ung for 0, and O, from Eq. 4.5 (a), 4.5 (o), wefind
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h mo 200 aoo 400 500 600 "700 800 900 1000 aeg"uoo 1500 mo 1700 1809
r, in.m)’ i

. Fg.as

- m mppegruf@ tﬁf tberefore the EQ.4.{1 et

;at 0= 45°
<Z~ ]
Hence th ectile must be launched at an angle
h the ho to attain maximum range. For all otk
er than 45° the range will be less than

_ 1@1@4 4.

8

TRAJECTORY
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0,Cos8 |
- substituting for t in Eq 4.13,
~ weget

L T

¥4

= 050 (— m{p (o cosg /*
erf‘étt?m m.

Eﬂr a given ? projectlon angle 8 and the initial v
Projectile, @e quantities 9, sinf, cosd and g are ¢
s erefore lump them Into another constant suct

T A S
- e AN
__-5 I
" .
'
W
Afs
., d
- }| !
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by the slower projectile.

1“ lllnmnonable agreement with our expe (1)
Inlplteol' the fact thaum:lg'torvc:alrrv.-.smm-.@0
mﬁyobaemdmﬁg44fordmuon sym- pe dir
Lric !' t 45° 1s due to the fact that S | mine
12(45‘--)] = SIn[2 (45° + =) . (</<<(//< Jectile
. Mnngewﬂlbethe same for anytwoelcvauonm S ed
tﬂwhichareequalamountsgreqt&man or less than’ ball. £
ﬁmmng44forclmuonangle30°and60°mem ’
- R e 2. b § j“-d CGI I I i
wo of th catanyuutantmnbemlwht‘ @
fro ; _@e mmmen e vclodty at that Instant ‘
some numerical problems on projectile 0~ %! -
I&ctosummaMWhatwchaveleamedwfm hi
'\
mee is negligible, the hortzontal campmi gle see,
nains constant smeethmumhomn!ﬂm ;!hg.@&

h, = o).
d‘mmmuwﬂ“
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W Ill lormeﬂﬂémwh
f 'mw. Here we bmny explore sc :

. mecﬂle in Athletics

The various formulas developed for the projectile
be directly used to analyze a tennis serve. While a playércan deter-
mmsorherownbest serving angle by trial r, the pro-
| m motion formulas can be used to predict@ﬁ? angle given the
M speed. The advice given in text book gé\kemus Is sometimes
based on this type of analysis. Many athlettc games such as base-
football, hockey, cricket, etc in\(olvlng projectile motion that
&mwn kicked, or struck can be discussed using projectile motion

Do rfect®4u.com

ﬂ Horizontal jumping

Constant accelération formulas developed in chapter 3 can

used to ana]y;e\\&mcal motion by animals. Similarly, to discuss

zontal motion'we can use the projectile motion formula. For ex-

le, calculate the angle at which the jumper projects
15e. ’m value so calculated is in close agreement with the an= '
i 1 photographs of competitive long jumper. Wh*“ '
L oF initial velocity of jumper and the angle at which the Jt
lMlaself we can evaluate the range. -+ o

m in an another application of mm
1at the small ansle produces ﬂat WM* .
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= (12 Sms’ ) (1.28 5)
‘ 'Y = 7.97 m

_ - Thus the ball is 7.97m above a point o
1 away from where it was kicked. CD({/
| N
,\Q

. tennis ball is served }p{tzontally from 2.4m above the

P ﬁﬁﬁ@fﬁﬂ“ﬂ oo

e ball lan
Solution

N
4
M:

To find the ,Q@ght of the ball at the nét, we must first find

it the time reguired by ball to reach the net. From this we can

the height.

Solving Eq. 4.2 (c) for t
1 h 12m
30 ms™

o ﬂ —_— =

8- 0. and 0y . i e

-
. -..;'

ryg(e%nmd which i

A
=y |

fis
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2 - 2(2.4

@ffegt@tu com |
b@Q’nvcls horizontally before it lan 'r :
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\3\‘?“
ifle bullet fired with the same initial co ons would not
y this far. Because a rifle bullet h(s?a much larger sur-
nmass ratio than does an artillery shell, air resistance effect

h more severe and drastically re@g s the range.

B:@:ri @cIQAuqc@@ma ok

the maximum dxsb@ce the ball can reach, assuming the

-,f_ :_uﬁlt at the s <eJheight at which it was released. b) If he

" 7&9 throw th-'\@l‘l half the maximum distance in the shortest
ate the angle of elevation in this case. [el'm

es in the two cases?
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ne elapsed in the above two casesé'n be calculated
4.6, and doubling the result, slm_gé/the T represents
time elapsed between launcleiiég and landing

E £ S rfesifrecom
. 36ms’) (sin 459 / (9.8ms?)

e J&\s‘é"
: 25, 29, sin15°"

‘= 2(36ms”) (Sin 159 / (9.8ms”)



https://www.perfect24u.com/
https://www.perfect24u.com/

(=

eel rotatin

! ga ut ana:u
of circular motion, One important consig
that each point in such an object is.r

| S
When an object such as P in Fig4.¢
th in such a way that fts speeq
tude, 9, of its velocity, 9. is conet:

8 as uniform circular motion. &Qescribe the uniform cir :
~ tion we would like to deﬁne;_gn‘e"following : :

Pe e

 {
v

(8) Period o(?j\r)cu
2

N
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e position of an obé@mouhg in circular path
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= 0.01745 rad

Jote that the measure of an angle whe

not have physical dimensions o

| @ngth. mass. whﬂ
the ratio of two lengths. Altho carry the unit radi-

viated rad through our cal ns to remind us Ma@
being measured in radian /‘h ever, this unit does not ap-

_the final answer For @m le, the length of arc s on a
e feck b@@)m
= (0.15 mj 5 rad)=0.075m .

s a ‘hus the un!t ~ does not appear in the final answer

‘e\Poclty 1

a body P moves counter clockwise in a eb:eh



https://www.perfect24u.com/
https://www.perfect24u.com/

i F A . ¢
SRR o
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Dnr_actton
of rotation

t f‘il”
Peitfecto M. com
Lﬁltei"clockﬁvtse rotatlons ® is dtre

cted out of the page.
(b) @ is directed into'the page for clockwise,

(¢c) Curling the fingers of the right hand In the direction qfrotaﬂon. the
thumb ;{Qif}h perpendicular to the disk in the direction qf .

the- angular velocity is characteristic of the
y iﬁ(a whole. By definition the angular velocity d
lie rate of change of the angular dlsplacement. th
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antiparallel. The tan
and a,.of a pointson

Object moves In a circle whose centre Is on the axis of rotation,

~ Consider acparticle P in an object (in xy plan) rotating
long a drcldq;i:am of radius r about an axis through 0, Pﬂp@ﬂ'
dicular to ﬂ(éplane of the figure (the z-axis) as shown in Fig 411 i
SHppose the particle P rotates through an angle 40, At
tUsing Eq. 4.20, we fing e
. As

sl
-

-
1
'

h sides of Eq.4.29 by At- m duratfor
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L ' N

cﬂtle?;{'ur:duxs rc;mu:rze;xa"f O. t'

_ the MStaﬁyneous angular speed,w, 3
ry small{(At —0), As is very small, aml
ts linear speed, 9. Therefore the E



https://www.perfect24u.com/
https://www.perfect24u.com/

The tangential velocity 9, of a particle m

path is given by the product of the distance of
- axis of rotation and the angular velocity.

ihe rotating object has same angula:\?aocny whereas the hu ' 1
wvelocity/tangential velocity is not same for cvery point on the rotat-
mobject. The Eq 4.33(a) also shcwa that the tangential velocity of

med uslng the equatlon which defines radlan. hcncc the equation

~ isvalld onlywhcn tl:;e angular speed, o, of the rotating object is .
medmra@anspcrumtﬂme Other measures of the angular

as revolutions per second or degrees per M.

. (ﬁ;ppose an object rotating about a fixed axis,
, w:loclty bymmaumean'rhmthechaneem

i
J. a
II!II_ !

,J'r

I d

oy - : '-.I' rj
3 ._., f"{ = |' " .I_“. " y

o

Sl b I
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tangential acceleration of a point on a rota
t of the distance of the point from the axis of
I_, 'ERIOL Q?'
U mﬂred for one complete rcvq&cn or cyc
alle ﬂmeperlod The period is dehoted by T. We!
veloc!ty thg\Qhortcr the time "

_'r on or vice vers :l;l\bs the ved,

.35. -

© r
,

IPETAL ACCELERATION

S

e @h object moves without acceleration. Th S I |
"huuvelodtyofmeobject.mmhn' |
dthevelocltyvcctorrenmln :
Me in the vebclty
mchanae in the v
mcm |
ll'n : t

*'l I’I'-r

’=
¥y o l .I
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SiElsivva-TomeviiL

called centripetal acceleration, a..

Some times the centripetal acceleration, a° 1s denoted by
indicating that this acceleration acts perpendicular to the path. %‘;‘.;\\

shall now sbozw that the magnitude, a_, of the centripetal accelera-

uoq.i’.!s —‘:— andltsdlrccﬂonlsalwayxtowardthccmtreof‘the

circle.

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 ime At =t, - t,
to go from position 1 to position 2,.as shown in Fig 4.12 (a).

Let at time't, the velocity véctor of the movirig object be 8. At
time t, the motion has progressed by an angle A8 and the velocity
vector at position 2 is 5; as shown in Fig 4.12(a). For uniform cir-
cular motion 9= 6, =1 but the velocity vectors 31 and 5; are difter-
ent. Thus

A;,":a B 3: 4.37

,{;“;me vector difference, A s solely due to the different di-
rections of the velocity vectors at the two positions. If there Is no

change In the direction of the velocity vectors. then the vector differ-
m A® , vanishes. The vector difference between two velocity vec-
tt‘“‘“!ikt:t:t:hedm{warectoé'dxagmmausmﬂg«l.l:.!(bl- " P

Note the angle A8 between the velocity vector 0.__@:'4 °-3; e
- Same as A9 In Fig 4.12(a), since the velocity vectors 0, 4,_!_,.,(_,
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dfal lines and as (Fig 4.12(a) )is s’mihb o the t
vectors o, 13 and A9 (Fig 4. 1%?]' sm
es, and the angles A8 are th -

A-s ‘ >
,\O

h _

. "?fa
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From Eq 4.32

ﬂ = . T ?‘g‘®

Solving for 9, the Eq 4.41 reduces to (</(<§<

¥ I'ﬂ)z \S{}
A \../

7‘ \

, "fo,'\ ()]
/
/

-c
2r

Pert t24u.com:

4.42

ln order to %Q!%rstand the difference betwe.cn the centrl
celerat {éﬁand the tangential acceleration, at. ;

m:)%ng in a circular path. If the object is movlng. it a!-
‘ntripetal component of acceleration, because the 3 .' '
1 of the object and hence the direction of its velocity lsr
y changing. If the speed of the object is lnm'easlM ﬂ 1
g (t.he speed is not constant or motion is not unife 3
tangential component of acceleration. .‘l.‘_h,ab
'aat aeceleraﬂon arlses when |
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F:HWWW.}*DU[UDE.EDW:‘ C/IVIDCAIG YU UTY«J
- e. - Component is tangent to the circular path whereas 11, . | to

BRI~ e D AR~ e d

acceleration always directed toward the centre of the W g
as shown In Fig 4.13 [aj.-'.lhe centripetal acceleration, .“; Paty, wh
tangential acceleration, a, , are also represented by a'w“h ed

respectively, since the former acts perpendicular to the ln;lw i’ﬂ-
ous velocity and the latter acts along the direction of the Veloey; |
These two components of acceleration are perpendicular ¢,
Cach

other, then total acceleration, a . by using vector

dia \
4.13 ). is given by | oo e o
— Do\
a =acea "
The magnitude, a, of the total acceleration, a’, Is Th
= 2 2 -
- S el % 444 the
Thcdlrccﬂonofi’wlmrcspecttoa: is . by
m by site
the
ar X cul
¢ = tan ( a, ) 445 wa;
tud
where 5: and a'; represent magnitude of the tangential and the
the centripetal acceleration respectively. chs
4.]
a4 a. ;t in
<
Fig
¥
™ A |
)
Flg. 4.13 {a) : - A 2
Alternattvely, Fig 4.14 shows the three vectors I .
' ; and centripetal 8° L
representing position vector, velocity vector from the
ation vector respectively for the same nftant. all d‘“rpw'dlcu}ﬂ |
centre of the circle. The velocity vector 9, is always AT e

126
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c dmwnmn“u o
X lsdlrectee{\away&omuzecentreoﬂhem
path therefore, the ceni:dpetal acceleration vector, aisal-
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ma,
a‘lbsﬁtut!ng a =

m 9’

'P_ert@ t&24u con

i “The mpctal force, or. F acts toward the centr
._ _ ; object moves. In the absencegf’
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".‘

% - The direction of a_, at each instant is pe%dimﬂar

locity vector and directed toward the centr&/
Ly = IEII o

| - A 200 gram ball is tied to th d ofa cord and whirled
horizontal circle of radius 0.6 m\ the ‘ball makes five complete

"‘uﬂonsm2s determin 's linear speed, its cent h
Poerfeci®dti Coli

: Solut.!on -

J

T

I 'Ihe ball makg/s ﬁve revolutions in 2s, traw.lmga g

y =

_ M?or one revolution T = -‘?;-sa 0.4s
by ] @ : . '
The linear speed of the ball is

B 2xr
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rotation of the earth, the man at equatt;r e .
rac "-‘]3 equal to the radius of the earth. The
otation in about 24h; hence, his speedlsglv by

5 2nr 2x (6.4 x 10m) é 1
ms_

a 24 (60) (60)s
- \.

centripetal acceleration is x

F*ér = ;_‘4u o

tripetal force ls \\
:me = (80 337 x 10 ms’)

| &
| 3.39 N. &0
img ﬂant relations of linear motion

is constmlned to rotate about anw |
lar ‘variables 0, © and o are related to each
u are the variables, s,0 and 2 M’

m in Table 4.1. -

._“‘- |l|'l %
-
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' hese equations. one direction along the

= m 3 "
~ positive and the other as negative, g % tation axjg g Gt

andﬂcanbemiuve

negative. =
Table 4.1
I{near motion Rotatiany uoﬁ‘m
Constant linear Constantan
gular -
acceleration,a. | ‘acceteraiton o : ‘:;\
Ba= ot 19 = et *&
'D,-=ol+at o u o
) 9 + 0
o = : : o0 = mf ¥ ml
2 av 2
1 2
82 - 92 = 2as 2 2
f 1 O - o = 208
Problems 4

1. A rescue helicopter drops a package of emergency ration
to a stranded party on the ground. If the helicopter is
tx;avcllng 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)

und at an angle of 20° 2

of 11 m/s (a How far does

height reached 7 A%°

that of projectl®

2. A longjumper leaves the gro
" the horizontal and at a speed
he jump ? What is the maximum
sume the motion of the long jumper IS
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(Ans: (a)t=4.22 s (b]V. .é

(c) 73.0 m from the base of buggy, .

‘af 10 m with a velocity of 21 m/s (a) How far will it }
~ the ground from its initial position on the
&mth what velocity ? &
. (ARS»“‘ISO m, 25.2 m/s))

Aroeket is launched at an angle of 53° to the horizontal

““‘E e AL T

\l L.
.ﬁ this time the enginw fails and the rocket proceeds to

move as a freeéédy Find (a) the maximum altitude
ed by tl@\}OCket (b) its total time of flight, and (¢

al range.
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e, to the
_.uuua.lvelodtyeompmentonhe‘ ' .Mmh

g s (Ans: v

L

|..a Ajnmuammtsmujmu;gmmd
distance with an Initia] velocity of 80 m n m

launch angle ? What 15 its
O\
(Ans. 71.49
9. Whatlsthctakc off speed of a locustl.flt.slaunchmge
is 55° and Its range 1s 0.8m ?
(Ans: 2.9 m/s)

10. A car is travelling on a flat circular tradk of radius 200 m
at20m s’ and has a centripetal acceleration a_ = 4.5m
s (a) If the mass of the car is 1000 kg, what frictional

force is required to provideithe. acceleration? (b) If the
cocflictent-of static friction f154s 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

3 the turntable make before coming to rest? (¢) If the
radjus of the turntable is 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
t=o0?

(b) 5.5rev
mnh'l.

e, V5

‘Ans: [a) - 0.173 md,s’
(c) 0.484 m/s [d) O-
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Chapter: 5

e ——

Torque Angular
Momentum and Equilibrium

mmucrchaptm.wehnvedlscuswdthchnearandm&gt
demdmmmdﬂuyure.wemem.
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, etcThe above motion
can be divided into two groups (i) translatory totion and (il) 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 man can differentiate these two types of mo-
tion according to his‘ability. As a student of Physics one can difine
thes¢ motion as fellows:

Translatory motion:- Consider a frame of reference (X', y z)
which s imagined to be rigidly fixed to an object. For an observer
the lpéﬂon of the object is said to be purely translatory if the axes

frame of reference of the objectmnalmmpﬂﬂnd“
the corresponding axes of observer's frame of reference (. y. 2. 2
@ translatory motion the object may not be Mdmaﬂ -
along a straight line. F1g.5.1, shows tranalational motion -
[ Mwmawamdc.omthatw i
- Yon every potnt of the object undagou::::“l’wm.
) m_pdnt. We can assume the body particle
' 135 | -
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m motion:- A body (a rigid body) is said to possess a

motion if every consutuent particle of the body
ha Q‘t pj‘w chareonastrafghmm
of rotation otitn 1€ of ‘two kinds (i) spin

m we define Qm“givc some examples of spin and orbital
we first de% e axis of rotation.
tation, we mean the line about which a body
(the axis of rotation) passes through the body it
g motion is called the spin motion. Every
1¢ spinning object moves along an arc of a circle in 3
erva “‘-ﬂthne and the centres of all these clrcleshe along &
’;‘ “This straight line is called the axis of rotation. Howe"
, mumdoesmtpassmmughmew*"‘
e ‘-'. }eﬂ - u‘e nrbital mouon
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3 motic an orbita] mq
eadion passcs. through the machine and 5 gecas
m of rotation. The motion of planets round
2 orbital motion. In this example th

_ ¢ axis of rotation passes
h the centre of the sun, The motion of electrons rowus £

nucleus is an example of orbital motion, Here the
- passes through the centre of the atom.

5.1 TORQUE
i} Consider a particle of mass 'm' which s acted upon by a
B — - \ .

- force F . Letr be the position vector of the particle. This is also the

- position vector of the point of appucaiion of the force. We can re-

- solve ce into two rectangGlar '.qpmprgn;t "m).}'l.
- The com nc&:g:acts [n the diréctionof f . | acts in a
~ direction perpendicular to T as shown in the Fig.5.2.

A ~/

A\
T A
N
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aller angle between the positive diceota

orque vector T which is the vector product of r and ?{.,

along the normal to the plane defined by rand F .‘ﬁ

n of Tcan also be given by the right hand rule. Righ
s - Point your fingers of right hand towards T and cur} m from
» F. Then the direction of the thumb will give the d/ tion ol T°x

We can represent thé torque vector '? in the determinant

" form as shown below :

P \ YV ij K ) \ .
i e lleGly COIT

-

"1 E E(¥

I  Here {,j and k are the unit vectors pointing in the positive

 directions of the axes of x, y and z respectively. The elements %)

E nt are the compon_ents of T

whereas B §

= %}}. y,and z components of the force F respectively- |

3 A ;@mangement of the factors on the right-hand side of |
ﬁﬂ-ﬁ»l gives

¢ = (si0) _
 Here ‘rsin® is the perpendicular distance of thie 1ine

Fﬁ'ﬂm , the centre of rotation. [t is represente® ™

OA in the Fig.5.1. This perpenalcular o

)
¥
I

¢ &
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 the rotation than when it acts closer to the m ' w |
" hen the line of action passes through the _— A
he body stops to rotate because the moment arm § of totat

gential push on the rim of a wheel will cause a I

B e

. - rotation.

PR

h through its cen /' ", The turning effect on the wheel has been .
~ .shownby ap\p}@ a force at different points on the wheel.

5.  ~- A Q&r can rotate clockwise or counter-clockwise. As a con-
on. counter-clockwise rotation Is taken as positive while
skwise rotation as negative. Hence a torque which prod ._
eounter-clockwise rotation is considered to be positive ant
roducing a clockwise rotation is taken as "
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PESY
ve: '. al in magnitude but oppum
m same line constitute a cm

hupkeomposedoftwoforces? \“‘
mﬂ 'B' respectively as shown in Qg 504;\1
;bout the origin '0' Is Q/Q/

T

L!, is the tion vecto 6§t\he point A. The mom me ';'_j
G "’Fe AU.COr
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'l' '__.;.; (F} [d) 3

"The perpendicular distance 'd' is called- B b
ple. Consequently. (he mome

Magnitude of the moment of a co {3—
Magnitudc of any of the forces ing the couple x ‘
Area of the couple.- &O .

5.2 CENTRE %p%zass

 In tras@onal motion each point on a body undergt X

€ dISp ent as any other point as time goes on, s

body, called the centre of mass, that moves 1
ngle particle would move under the influer
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Newton's s

‘apply N
e the acceleration and hence the vel

1ass at any instant of time by using initial
The motion of the block is same as the motion of the ¢

itre of mass is often confused with the centre of gravs
rms are so similar in many respects . one can
ns interchangeably. The centre of gravity of an exten
ides with its centre of mass if the dbject is in a ¢ :
iform gravitational field. If this is niot the case the centre.

v does not coincide with the cem{aof mass. -

z;cs of the centre of mass,

oo e, 65 gy

s  are the coordinates of the particle ofr

|,|‘ __'
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+m3x3 o m3x3 +m

éﬁ&iélu com =

1+2+3<>
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uon nelther Ilrleai' mf .
fum do not possess any ﬂmmam

quilibrium

hak lying on a horizontal table is in stauc quill
g and bridges are also In static equmbnum m
amples of static equilibrium around us.

<5<
bynamlc equilibrium &
A

Consider a vertically downward matlon of a small steel ball
gh a viscous liquid like mustard oil contained in a vemnl

m. Ini 01 Hhs arécéﬁ-.fateﬁ’ ai' -But-after ct
certain dlstance it atta!ns a uniform vertical velocity. This tm-

vertical motion q ‘the steel ball is an example of dym
\‘/ '-:‘E-_..

er gfmard on it. Hence a net external force act.mgm
@? As a result of this the ball acquires uniform Ve

b

 Another example of dynamic equilibrium mm
mejumplng ofa paratroOPe" frem "

rce of M-aets on the p
dir ereas nmﬁ
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WoYOUTIUDE.COM/C/VMIDUATE TEFU TURED OGS
the system (the parachute and the para

B hoves downward with ' ) is
ystem M a uniform velocity, Ze10. Henge the

ey

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

dow[ "wf"’d thereafier with a uniform

5.4 FIRST CONDITION OF EQUILIBRIUM

The condition states 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 FT . E-f e ey P: be the n external forces acting on a body.
The first condition of equilibrium states that

OB 4+ E 4ot E =0 5.7 (a)
ten
Using the summation sign, the above Eq 5.7 can be writ
as
) 5.70b)
i=] E =0
xX- plane. then
If we restrict to forces in one plane. say, the y

ArfarTI e
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Wl 4 Fpl) #eerse Ll 4 F gy

i

Bt et Fydl # (Fy + By+ot B )jsip

}hthe resultant of the forces F, "‘?3\ -

£
\fg’

+F ),{\l- (F., + F, y *e ..-I»F,,J‘J‘ ..

4@&»@@ -

Ve equatlon w
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Let 6, 92..... » n be the anglcs@gch the forces 13 s g
_-mth X-axis respectively as sh\ in Fig. 5. 7

tc?ﬂu com
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18 . . L F.:.:
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]

-

_ ?e T, and Tz. As shown in the force !

ces acting on the block. They are
n .;T, acting along the str!ng L
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T,sin30°+ T, sin60° w =0 Q

_-I 1 @
5 TIX""'-""T x——-wc&

! 2

| { T £ ]/_ Tz 2W &Q

Pérffe"éf?ilu com ™

on(ng x 9.8m/s") _ gay

. T —*’<r 3
g\?t . WE get
. Q}“E’ = 98)/3N = 169.74N
.5 SECOND CONDITION OF EQUILIBRIUM

r we have studied that whenever a net orqu on

_* i*&!itlt*‘n‘i’ o e

S T Wi e
"__" 3
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er weighing 600N rests against a smooth
the ground. The centre of gravlty

w up. A man weighing 400N climbs h

g that the wall is smooth, find t.h
thewa.ll.

m smooth we mean that there B\?g friction and that the

cf the wall on the ladder s pcrpcndtcular (o the wall. Here
Plﬁ f q.mdel consl atfon. forces

T é Un'Fig: sw'mb the
k m vertically down\\#a’(d atl the polnt C so that m AC --

bol' lhe lad and F* the reaction force of the wall acts

wall. The unknown force of reaction of the

m Wder is represented in terms of its horizontal and

rnl H and V respectively. From the geometry of the
.’ we get

?h.mﬂ? 3mand mAJ = 4.5m
e Nirst condition of equilibrium to the

The weight W ol': qfe/ man acls vertically downward al the nlll
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& Fx -‘“‘Ka" wx (mAK) - wx (mAT) =0
'gr Fx12- 600x3 400x45=0

12F - 1800 - 1800 = 0

12 F = 3600

F = 300N
Since H=F

L~ |

S —ceao=o Y PEERER wh .

The magnitude of the force of reaction of the

R = iF+V

= /(00" + (1000)°
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'ﬁfw_eight W and radius R is to be raise N
' as shown in Fig. 5.10. A rope is wrapped an
1d pulled horizontally. Assuming that the

on the step, find the minimum e 1? nec .

nder and the reaction force at\. e point P.

AN/
A \}
\ N

;_..goe 0'zero. e eoﬂyﬁiumm
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i der of weight W pulled by a force F

1S
' Jree body diagram of the q;under
when i is just ready to be raised.
' The vector sum of the three forces (s

' ATION OF AXIS <
e
:-.; wﬁl now show that if a body 15@ Slatmnal equilibe

her point.

of a unlform bar/ ength resting on two
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(——+ x)+Wxg ‘

By this wbﬁﬁaan that one should try to select S

which Q,

The u;a\kh%wn forces, if any, may be inactive ¥ akin,
Qﬂds is possible only if the moment arms @ 1ese fo
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y the angular momentum of a parti N
'm’. Let r be its position vector |

Z

. deﬁnmon of the angular momentum! qfa-
ﬁl ! =rxp we see that the vector L is perps
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; for circular motion we have

I=1=0 ) W)=

Ber @,@I@ AdLCQR :

ts of p .then {l\@ng the definition of vector

&
QQ*

| ;;-'-'j_'-resslon forl can be ; L (e
SR

- R

. 1a
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tem international (SI), the unit of length is t
. of mass is the kilogram (kg) a : :
. Hence the units of angular %gﬁlentum are
,&Q
X (Gm‘} (s)

;.me,rfectQéLu com

((/Q
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l = mdrsind
= mr o Sind
Where

O =row

= i O~
\</ 2 o
l= 0’{&. .2)" x wsin 90

44(})\.”4x0.04xmx1

«Q’a 0.016 ®

Butw= 2nf
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_I..‘-ll l—.b. ]

t ""‘l mml -k"‘ﬁ'—
"" 6 1te linear '
"‘I m'thelmearmomenum.

____ e vector product of both the sl?(?
1#’(’.hl:ﬂ the left we get

fatin teaboveequauonwimrespectm _

L
'-‘-‘—1?
- Al

R
* Ml 1
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A

H&mmmductofaveetezmw E g-.

e ¥ x¥'=0) O
- T d! %@Q\
?

 ———

-. dt

~ This Is the required relation. ‘l'g%uat!on states ﬂlﬂﬁl_

acting on a particle is the Umq) te of chan -ﬁ
T e of its
momentum. 2

mFGRET ‘t@t (eoHT =

= -0 <;-

g & P :
! -coge{gz

R -,
g ‘c.\Re angular momenitum of a particle is conservec

5
2 net torque acting on it is zero. e ]
» il
mnservaﬂon law obtained for single p '»r‘i. ‘_' (5.
lended to demonstrate conservation lmlﬂ

ﬁa system of particles.

_rl
Y
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-t T,

agt<?4u Cco

<>

are the external force and the ex
1g on the i th particle.

torquc T acting on the system is z¢
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m' N

‘F"er e

1) You ml?&ﬁf\i seen a figure skater under going a spin )
tion in the e of an act. We assume that there is no friction
theQ ter and the Ice and hence there are no external
es deiing on the skater. Thustheangalarmml -fu
- lstheproductofmomentdml.“
r velocity, , of the skater, is constant, since the
m on the distribution of “ Ih
ﬁwmmtoflunhw J
mw Muﬂ

ir.

;‘-‘*

I
l

:.‘;
-y
i L

.l
L3

o

I

ull
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'. momentum of a body is co

& S Zero.

t torque on a body is zero, it is sa!é
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} s acubn of central forccs is constant.

‘me direction of angulnr velocity Is take @f.. the
same as that of angular momentum. %‘ i

The torque due to action - reactionf ls not zero.

,;" All) Angular acceleration I8 in the
‘angular velocity if the latter 1s'de mg with time.

) An electron of an atom pg\ﬁem only orbital angufar

. ' E .'I. I J ﬁmc rate OfChangc Ofangular momentu
e rate ef change of unear mommmm.
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Q

o

-

direcﬁon of torque is O O |
the same as the direction/%f the corresponding

) perpendicular 6 the directjon of the applied force.
entre of x@(gof a system of particles
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.Zﬁmlnﬂi ne t" Ve
the torque acting on ft 4s m |
origi Doesthlsneecssa m
L ing on the particle 1s zero.Can you ¢

vclocily Is constant? Explain ‘?‘

(8) Suppose that the velocity of w e
- specified. What can you sa -
- angular momentum vector

: of motion?

. What can be said about tbe
i . the fragmé/ﬂ& after explosion?

S __
th}ethe centre of mass ofasystemet 3

‘mass 'm', arranged to correspond in posit
. corner of a regular (planar) hexagon
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- respe ctive geometric centre, how far from he
- ' € sun is the C.M (centre of mass) of the
- tem? Compare this distance with the m&&r
S ! ‘
- sun (6.9960 x 10°km) &

(Ana»msgggafﬁnnzaaa,

A particle with mass 4 kg movyes along the x-axis
velocity v = 15 t m/sec, where t = O is the ins

SRBLTAES u) cot

ks @
& -

-~ particleabout a t P located on the + y-axis, |
5 ‘ - from the ori (b) What torque about P acts
BN pacticle? Q B
R T Es pa &OQ‘ 2 2 9 X
O (Ans. (a) 720 kg m"/sec; (b) 3
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st a :ﬁicﬂor'nless vertical wall at

d rests on a flat surface wh 1) COE f
(static) is 0.40. A student vé\ \ass (NEE
ttempts to climb the ladder. ction of the |
1! of the ladder will the stud ave reached whi
Jadder begins to slip? \:\f() o
A p: i e of mass o moves in the xy—plane. g |
Hetar RN l [ !s (3{
: _j 1 of the €§B.lcle relahve to the origin.
Qg/ (Ans. -1 21:

1 fferm horizontal beam of length 8 m and welg
O} is pivoted at the wall with its far end suppo
¢ that makes an angle of 53° with the hor
person wcighlng BOON stands 2m from the W
n and the reaction force at the pivot.

tension = 313N
reaction force = 581N
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Gravitation

. INTRODUCTION
‘| All of Isaac Newton's efforts in mechanlcs were focy
 toward the explanation of the motions of the planets around L&gg
| . un

and of the moon round the earth. In 1666, Newton pr Qmp}ed %5 magr
simple observation (fall of an apple toward the earth) con cludeg
that the force that caused an apple to fall to the ground ang the
force that kept the moon in its orbit around the‘earth were only dif.
ferent manifestation of one universal force called force of Gravity.
tion. From the above assumptions, Newton made the hypothesis ‘
that every body in the universe exerts-a gravitational force on every cen
other body. This gravitational force'is responsible for the motion of us ¢
the planéts jaround-the-sun, the motion of falling /bedies towards
earth, ete. L2 \
the
6.1 NEWTON'S LAW OF UNIVERSAL GRAVITATION :|
In order to explain the gravitational force Newton formulated | I
* the law of universal gravitation as under:
Newton began on the basis of approximation that the moon's
orbit ig-circular, he then calculated centripetal acceleration of the o
moon, arm, about the earth applying Huygen's formula for centrip¢” "
tal acceleration in the form ti
= s A 610 a
=" 28 o)
Where ?h s a unit vector directed from the centré of the il “ tl

|

us 2% i
to the instantaneous location of the moving body. The min i

- (t
in the equation specifies that the direction of ac 1S m“’a__: d _
— S

T : 170
A Darfartd A com
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l-d'a"

-‘m-,- sequently, we can rewrite the above equati
tude of the centripetal acceleration of the moo %‘ -

«¥
&

Ry, = 3.84 x 10° km and_re @\)nts the distance from the

I.ﬁ

B Prieciodu.comiy

- the moon to complet e revolution around the earth.

Substituting the values of R and T in Eq. 6 1(c). the R

e of the Qe)tﬂpetal acceleration of the moon is found to he- .

8 =2
272x 10 ms

- centre of the earth to the centre dﬂ e moon and called orbit radi-
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witational acceleration of
he earth. Moon and appl
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‘me magnitude on A by 8 Of the gravitauowg: l:‘;,,,;w, m? -
B

d on body A due to the presence of the b Is glven In ﬁe

(Cerom B t0 A]2 369@ o
\S
Where "rmm Bio A describes\@e position of body A with re-

Fam\bya i3

spect to another body B as shown Fig. 6.2

] g nAbyB

FonA by B
d B

3 e ﬁﬁ%ﬁc ERLR

l mB
IT'FromBtoA

ravitational force between my and mg
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nality éq "8.7 can thereforehe

y % m,
rtionalities are taken together

’;

| Q?\ 4

T AbyB e m, mg / (l"fmm B to A)2 %Q/ -

en written in form of an equationb%
T SRR Y

- «along the line joining their centres and
ment vector r from B to A is directed fror
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vo gravitational forces constitute an
dance with Newton's third law.

73 f’“' : @4u com

—
- MM TfomA B A

consequently, we rewrite Eq. 6.10, Eq. 6.11 (a)andm.

Q m, Mgy
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mpute the gravitational forcidnb attraction bet
each weighing S5kg, when plqég -

g - Peﬁfeq,t@ 4u. co _

Ll

N m/kg x S5kg x S5kg
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6.67x10" (

Peerfect AU. com_

- The average d%ﬁﬁy or mass per unit volume, p

ven by

2
- :%@@»
3

Where V is the volume of the earth
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-

.{ﬁ‘-.;,t-‘.-_‘re' T is period of revolution of earth %\X& su |

Newton's second law of motion O\gb

Perfeci®4u.com
Mm | &_é?g) X
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low let us consider the variation of g when a badymes
upward or downward from the earth’'s surfac g
ue of acceleration due to gravity at the su n_-,‘o t?he-'- :
at a height h above the surface of the earth: If the eaﬁh.ﬁ
ered as a sphere of homogeneous composition, then ‘g at |
as the square of the
Eq 6.15 we found that

nga!i@vg o Z 1LCOML

Fig. 6.3 is given by <
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Per“fect%u com s=

éepth d the valu@cceleraﬁon due to gravity is equal m.

the value of Mg in the above equation we get

= .('RB_-'d)!
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ariation of ‘g’ due (o depth.

. can observed from both the cases é(
_ - sreases at a faster rate for a
han for the same points below > surface of the eart

4 eﬁ eQ@ Ay

le 6.2
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lf we apply a suitable force we can prevm
g. This force {s a measure of the weight in th

‘the observer. Thus we can define tha;gﬁ@t ofa W n 2

certain frame of reference is equal and op e to the force r
quired to prevent it from accelerating fromkr?gt in that frameﬂ@ b
A force is measured by the acceleration, it imparts to a m
.. When a body of mass m is @tawed to fall freely, its acceler:

.10 gravity g and acting on it, is its we!ghtw ﬁ-
storetons ec£§ Lkl be

F=ma

Repladn@i‘“/ by ‘W' and "a’ by 'g’, in the above equation, ¥ ' :

A Qq,g

%e welght of a body is not a fixed quantlty It depe
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ﬁ& from a spring balance by a-:

ead attached to l.hq’éc ng of the elevator. Fig 6.5

-.. "{’a‘l ‘When th Q&}gamr Is at rest, the force along the th'

sais 1 .'md oppog to the force of gravity expcricnccd by the
 this represents true weight of the block. L.e. F = m&
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_that the force of g
= eirf

veightlessness” in satellites. Bodnes
re 1@( welghtlcss the earth's gravi.t_,atim
-to act on them JUSt as lhm.i’gh they weref tr
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essness may be a severe handicap to the astronau
ming experiments. In order to overco\fgﬁ this problem an

wr F : . i;:} \. -

: f,g:
he spacecraft. ()

ider a spac t consisting of two chambers connecte

de of centripetal acceleration in this
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V= 9.5 revolutions/minute

Thus the astronaut should feel comfe able
spinning at 9.5 revolution/minute at a dist:
the axis of rotation as shown in Hk §|

r"’\\

rfec@4u Com

axis of
rotation
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5! e square of the distance between tw
» with which the earth-repels a body on its ghy.
towards its centre is equal to its weight. ?\9
X value of g increases with the in cr@ 3
ce of the body from the centre of@h,
Gravitational force is of a very lar der of abo 1t 6. J
._ ry g\_ | 6.67

-

]
N

f .

he moon rcvokv&g%tround the earth due to the pres |
. ben@h the earth and moon. :

ing bodies. * 3
<eseun.. as the distance from the centre of ¥
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m average density of earth @(
(ii1) mass of earth.

Il.lt
' lm If we go away from th

equal to the radius of earth the value of g will become:

Pernfer@n%lh LU 4

' g) Weight of agﬁy Is :

- u) vee (i) scalar (11) rotational q

_1'
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m is at a dlstance of 1 m Imm a 1on
Find the gravitational force of attraction when

a) 10kg maas exerts force on the 100 kg
f!b) 100 kg mass exerts force on the 10 kg

Mo

(Ans. 667x10 N

Compute gravitational acceleration at Ql?mrface of the
planet Jupiter which has a diame

(Ans 2.63 umcs that of earth)

LN N
o ;P-errﬁ@@ bt h 1o wmm
) : the sun is 2.0 kg If the average distance be-
: ‘tween them fs 7 63} 10"'m, find the gravitational force of
‘the sun on .{?g/

0& (Ans. 1.613 m7s%:

1ass is 1.2% of the earth's mass. Find the acce
‘-due to gravity on the suiface of the moon. Ho
h will a 424N body weight there? -
(Ans. 1.613m/s? : 69.8
he value of the gravitational acce
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Determine the gravitational attraction betw
“ton and the electron in a hydrogen atom,:
~ the electron describes a circular or

- stant acceleragpﬁ of 1.2 m/s’. What is the v
‘weight as mea ured by her in the elevator.

. . : - B
. ) . " » r il
i . T '-'.I" LA L lk. LL'I}# A ! ?:I )

i ."_ i | |, i'llﬂl |”I‘+ 'E:I‘riw 'l—'
| . L] |_ N
- I o
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WRSHIWWW,YOUTU D!

Work Power and Energy

WORK AND ENERGY

In chapter 3 you have studicd Newton's laws of moﬁon,wg
€an use these laws to write an equation for the acceleration of any body
acted upon by any force. In addition in this we have techniques for
finding the solution to that equation. The solution determine how the
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 is often much easier to study the me-
chanical problems by using other relations. A very important set of
- such relations involves a quantity ¢alled energy. However:it is im-
portant to realize that theseenergy relations are not independent .
of Newton's laws and,therefore, do not involve any new physical
principle. In fact these energy 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®”

fcal and blological processes has been a crucial lngedlentmm‘
effort to understand natural phenomena.

192 |

DAavfAAtDdD Ny AAr |
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Supernova’

O

Sun’ é%utput in 1 year

Birfect2aire
| O

Severe earthquake

H.bombs
'First atomic bomb

Rocket launch
Lethal dose of x-radlation
Rifle bullet '
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L, /A’WW/A‘///&’////A////Y”// /// .’////////////fm
]
I
' 1
’ -
\./ '|'

‘lhe work done by a constanb orce, F ls dcﬁned

4 ? regiémts the magnitude of the vector F

: i@ptesents the magnitude of the vector S

) {s angle between F and s .
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s always produce the same resuly,
g work, we have used two vector q

'mngmthebodymdu‘edhph &.z..;
e now attempt to show that work Is a scalar Qttantlty ?’

" In thaptcr 2, we have defined the scalar produc
‘f and b as 4 g»
a C = a « b \2\®
mc Is a scalar'quantity which is given I'Q \a

5 ¢ =abcosh K%

MB Is angle between two vectors a;?;nd . Applying the above
Mnmon of scalar product in t.hls casc. we Immediately write

Euéf IE«J éy the forcergs’aQaQ mxty by def-

and Is given by the product of the magnitude of the one vee-

by the oomponc%\?ﬂ' the second vector in the direction of the
mm:. Tha {5{2‘

" chis e @mc same as before.

é‘k Is an algebraic quantity. It can be positive or r e
depending on the value of angle between force. F. and displace-
_=;;_'_. ) 5 » We have the following important cases: i1 * T 2
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: 90 , the work is zero, i.e. the force d
| ce work. For example, it is considered "hard s
e -mia a heavy stone stationary at stretched hand
work is done in the technical sense. If a person
along a level surface while carrying a box, no
done, because the force has no component in't
tion of the motion. When a body slides
the work done by the normal force a
zero. Also when a body moves inaxcircular path, the
work done by the centripetal force on the body is wo.
because the centripetal force‘is-always at-right angles to
the direction in which the body is moving.

- ofwl;?er > (A AU |.COITI=

‘.L ‘Work Is a scalar quantity, and its unit is the unit of fnree
‘multiplied by the unit of < distance. In SI unit, the unit of work is 1
ton- metre (1 N- }\Another name for N-m is the Joule ).

~ 1Joule -u(<‘() newton) (metre)
IJ = -m

In the -pbyslcs of molecules, atoms and elemmwy particles:
unltls used. This unit is named, the ¢lectt '
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~ lyit reaches a height hg. measured from the surface of the earth
. as shown In Fig. 7.2, During its upward motion, the only force act-
ing on the body is the gravitational which is its weight mg. Here we

- v e e o o)

B

d |IE

- @ssume that there is no force of friction. The displacement of the m |
- P%dyisclearly (hy - hy)=h. Hence the work done is given by o

. Wa TR MO F (y <hy) cos
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This work done is stored in the body in the form o | i

~ rE- oo ©
E In the above expression for work against the gravitationa
force, only the difference of heights, betwem_érc two posl,m %
Henceltisnotnecessarytomethememueal
the surface of the earth. The refe:mce level may be

X : e may lf(e the imual\poslﬂon of the ball as thezﬂ
B _.m ngasfe e Heght o e ol poion m
Consider a ball of@%’ss m in our hand and take ittoah

h measure rface of the earth. The initial posi

_ MBAan its position is B. (as shown in Fig. 7.3). There
e several p ths through which the ball can be taken from po-

A_m,Q@mon B. In Fig. 7.3. we have shown a few of them. -

(}?’
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memerl
g atiol ﬂddlndshwthdtthem
_'_‘tlongtmspnthlam For the sake of sy
pammmmd:thehmbcu
muoml field as showniin Fig. (7.4). The -

(-—y

7 B
aﬁe’mcaﬂylngme bodyfromAtoB B to C and from C to A are
 represented by W, 5, Wy and W, , respectively. Thus

\ @

W-g \g\\? = (F) (S,cos0) = (mg) (h) = mgh

WW%Q ;'S-; = M(Szcosqo)z(mﬂ (ssz’ =0

& --b -) 2
6@'A' .S, =(F) (S, cos (180-p)) = (mg) (-SycosP) = -mgh.
Mch mAD

il work done along the closed path ABCA

-mgh+0 mgh = 0
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nd “ deht of the j:athls alled a co
tional fleld 15 a conservative fleld.

the practical point of view, it is mtemsn@
: done by a force on an object bu& :

rk is being done.

Wz define: power as the ratequ’domg work. W
of work AW is done in time At. e average power, Py, Is

erfeci®4u.conig

ve expre iﬁl if At_,0, then limiting value of
tan\@xs power at time t. The Eq. 7.3 is W ritten

At
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N
If W is the work done when a constant wg; F. of magni-
~ tude F points In the direction of the d!sécement, s':. ® = q.
~ cosO=1), then '

£ &/”\
! FS S~\ i
1% Pay = 4 = Fx~/ = Fo,, 7.5

uﬁm«-average ;ﬁﬂwer and -éa, mm
"_ Work Per aria'ble ‘f‘orce CIG

A The work done by a variable force cannot be calculated by
the direct use ol' the”fonnula F.S for the entire displacement S
- because the fgrf“e is continuously changing with the displacement.
Wc eonsldg{{ﬁcrc a simple case in which the force is changing only
: ftude. We assume that the force 1s pointing in the positive
direction of x-axis and the body is constrained to move in that di-

¢y Wy
e . ll.::"&‘

w1

h-
We can obtain an approximate value of the work, mﬁ
foree in the following way.

~ We divide the total displacement into a “"l‘
| ‘each of equal width ax. A
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2.COMVCINILUUAILD

‘which really acts at the beginning of

, usly such a chosen constant force 1s dy, oD Of iney, ’
tervals. The work done by the force Fix) acting ::: for differgp,, w
‘constructed at x is the -
€
AW = F (x) Ax N
We cal ¥
| e calculate the work done by the force for each J=]
the above manner. The total work done in displacing ghel::;’ﬂh N\ Th
X, to X, is approxi o, [
A;‘ x; PP rnatcly equal to the sum of all the terms m’;‘u ,;‘\ A = sho""ﬁ
2 A & i 11
* W = ZFLtlexJ , 15“‘3’;
3 ‘ ’\&:?.“ .8 ‘ the WOt.
Y Fx) 8
Where Fix) is the force acting in the jth interval of width
Aﬁ = Ax, and N is the total number of intervals. -
lar stri]
Although the width of each interval is-small but st finite which t
Hence the force acting at the beginning of each interval is not the to the ¢
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 ob- Fig.7.c
tained is. thus..only approximate. In order to obtain a betterresult the wid
for the work done we divide’the total displacement Into a 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 theex- | &
tent to which the width of each iInterval 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
make the width of each interval infinitesimally small. An exact re-

=]
ol

-
sult is obtained If N tends to inflnity and so Ax tends to 2e0 Thus ig
oy

N
W = lim 5 ﬂ’ﬁ‘ A-’f,
] N-O“ J'l
The above summation is equivalent to the integral .!
3 s
[" Ptx) dx
X

“Perfect2 A com
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Jg=1

low gIve & graphical interpretation tg g o
) 2 olows s

~ The force Fix) Is plotted versus x T
wn in Fig. 7.5(a). The work done 1;0 t:: ::,::m“ 3 Curve AR
through the first interval ig Fix,) Ax, '=le’whﬂ°“’°"_’_ ct |

js nearly equal to the area of the first l‘ectangul;r:'ﬂ Obviously
the work done in moving the object through the seco P: ﬁt’ :

It is approximately equal to the area of th nd rectangy
lar strip. The process goes on till we reach Q:e final interval fi '
which the work done is Flxn) Axy = Pixy) Ax. Which s nearly etlu:ll.
to the area of the final strip. Hence the total work done is approxi-
mately equal to the sum of the aréas of the rectangular strips
Fig.7.5(a). In Fig. 7.5(b) the number of strips is greater and hence

Fix)

the Mprécpsmp is smallérithan that in F&g@am
Fix) e sE TR -

xl |
e 'Fig. 7.5(c) i
(3) The strpa anenerrent
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net! Energy The energy possessed by a B@%by u
_';_Is called kinetic energy K.E. ic g ball can ¢

-.upward can lift itself against thc force of gravity

, ' '!‘o -H erf on.for K.E ofan gbjc
rre,b§ the. fioving ob
ual to the Chanée in K.E of the object.

@ﬁergy formula

ly of mass m which is projected up in t}
d with a velocity V. After attaining a maximur
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=
wmfmtnon orthebody RGN
ﬁ s-maamum hclght auamedby ebody . >

. - f y SR
s - ‘ ! e
I ':' . . 4 N # . R . ﬂtl .
" 4 - 1 i

-

QO
\a
S

&

~ Substituting this value of h in lh%egf{rcssion for work done

work e = mgh ‘%n = — mV -
Kf Kerk 4!&3 Mdgm momc e
. ;y\ns ’ -“ B

‘ :‘,
3

, e % 1 : o
"?“"‘f’m"«'\&”h s g

shoul¢ note that the expression for Kinetic enery ﬁ?!«‘r
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ring against the elastic force. Similarly wi
red a'gainst an electrostatic fo ﬁ( work |
%ﬂn of el
mass m fs lift

. work done is stored in it in
rgy. Similarly when a bo

m is taken very slowly to the hel
The very slow motion is possible only
1e body by an external agency is equal in m
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_:';work done on a body by an external agency( pp! \
orce) against the gravitational force is storer

Sl unit of grag/taﬂonal potential energy is Joule (J).

,réu ABsox,){if P.E :

Th Qgﬁwc expression in Eq.7.10 for the gravitauonal‘; oter
gy Is the relative potential encry of the body with respect
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ments (height h) as me
: space flights we cannot ta
stant. In fact, it decreases with th
culate the work done (which is a :
of gravity, the simple formula F § s v
e this difficulty we divide the entire @“—‘
mber of small displacement lnlerv?g%n-d applying

<&

' conal k. We want o
work done against force of gravity, In taking a body iR

*Perfeg;ﬁfm.sco M
k- S 8
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 the. magnitude F, of the fom%(gs . acting at mz
Gm Mc \>

&O

by e
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icd force f-' and displacement ﬁ%’&
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hen the point B lies at an infinite distaner ?; apm——
at point is zero (this point becomeé eference point) then

& |
(PR GMcm C:) . <
g an arblt.rary value to rl 6: = 1). the Eq. 17.11 (a)

e.rf@cIQ 4U.COM g

@olute EE of a body of mass m lying at tha!'
given by
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' CONVEF IONOFPE@DK.E
‘ruu.mononn\

4 Ly =i 9 ~ o)
al potental encrgy.PE.equaltoM
Q/e surface of the earth. We assume

'-.' . \)Q’ *@
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Murmmmsmuua est,
wward motion, Its velocity Increases and so there
“mmetlmmmlsmfomed rictior
ion of the body thus the loss of P.E m
nKELe. the P.E is being converted

Eventually when the body rcachc(ﬁét above the point O, its
hnarlyzerolewholcoflts Is converted Into KE. It

that at every point, dur ¢ fall of the body, assuming
M is no friction, we have\

e opposing

War( mo@of the body. Here a l'mcﬁon ofthet.ﬂy

‘work against the force of friction. Thus a m:
equation is

of P.E =GammK.E+workdmemm
ninKE = Lossof P.E - workdoneamw

= mgx - fx
‘r mwmm ﬂ‘lh
e R
S . kl‘lwl .-:_.:.I .

&) A y

I1‘—'-:-."\"
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'. according to Einstein's famous mass-energy'relatia "

: f:_pmduced is

The law of conservation of energy i{ﬁ)ﬁlversally a,
here is not a single example in w<hlch it is contradicted. Al-

law see iTo be ve Smut its lmpllcat:lon Is |

_ rks without e lturc of energy
d!scard his sta{)ncnt because in every real ma :
\lways a force of friction which must be overcome by

e of 4::114".1'%&\> -
_____'.,gf(conservauon of mechanical energy (Kmetlc-
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: gmmnl velocity (at P) = 0

i " --j‘ii'ﬁft-tal'velocity (ato) =V

e ngzgh ‘ Q\Q?.
ce KE =-§' v _-% mnghgéﬁxgh

1 ‘39
: ‘ﬂae potential energy at 'O’ i t@}}n arbitrarily equal to zero
th resp -ct to which the potential*é}'rergy at the point P is mgh.

j Ferfé ciP4u.con

‘We now calculat potential and Kinetic energy at any
 at a distance @elow the point P.

PE'= HJQ&Q:K) and KE. = = m V2
1 P 0 ..

“velocity V is calculated in sin:ular manner as before h, is
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nitial potential energy of the body at ihc tép o

Examples of conservation of energy ﬁowgﬂﬂ day lfe: |

Wt en we switch on our electﬂc\bﬁlbs. their filameznts

;: are heated up and begin to emit light. In switching on

the bulb-we supply c!ectncal 'bncrgr to it. It is converted

>s. But the electrical energy snp-

e sum of the heat and light energies.
le the energy is neither created norde-

il fuels e.g. coal and petrol are stores of cher
. When they bum, chemical energy Is conv

t energy. that is, J

| chemical energy = Heat energy + losses.
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. : decu-lclty Chemical energy, Fossil-fuel cnergr.
Geothermal energy, Solar energy ,Tidal ener

m a brief description of each as follows. @

<<

The source of this energy is the wi - This energy is used in
running flour mills. In Karachi near Suhrab Goth you can sce a
wind mill for drawing underground water

BT Lcom L

are used to produce électrical energy. Their prime function, is to
:metaln river waler@ﬂ]\at it can be shuttled off to a water turbine
!hat drives an&l.ncal generator. The principle involves a way of
Supplying power to a generator other than by a steam turbine.

m %&sn Fuel

> Fossll fuels are remnants of plants and animals which died

()  Wind Energy (Wind Power)
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reaction, if 'unc'ommlled can cause much more

1 that caused by fission reaction. On the ot ‘,,

itrolled fusio reaction (CFR) may generate enormous v
y fo meful purpose for which the scientists z

Energy N/
@)
hermal energy is the earth’s, @Q:ral heat. Heat, in H.,
d out from the interior of Lpe ‘surface of planet (earth) agr
/

_' 10km is of@; order of 8 x10%* cal. Of course, alat
. Practically, heat must be concentrcxtd

voirs where it is to be exploitable. It is Inter S
weve that in the upper 10 km (when the temper:

5 ..'c) the total stored geothermal energy exce .
mal energy available in all nuclez '



https://www.perfect24u.com/
https://www.perfect24u.com/

| ¥ could makaa'majorlmmmm ~ono-
? heatmg. space cooling, and hot w.
r¢ clean fuels and (3) generating eleemmyig

T it of harnessing the enormous energy

‘the -man and tides have pervaded the minds of:

centu The tides have their origin in the '

erted on the earth by the moon and the su@. Water-powered mills

operating from tidal motion were used England In the 18th

mm:y Sewage pumps functioned i \dbrmany and London by us-
~ ing tidal power. These systems weré\?éplaced by the more economi-

- cal and convenient electric motors.

The fossil fi @?uscd as the main source of energy in Paki-
stan. It requi uge amount of foreign exchange to import it.
ue to its ing environmental damage is done on a Very high
. The hydro electric generation is also limited and also eimly

present and future needs we must provide indigenous
togcncrate electrical power. Alongwlthsohr nerg)
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5" = FS = (5N) (1m) = 5J

_ﬂal kinetic energy Ko is zero, so the In;

‘<
&
<&
o‘"

‘.
m—-mﬂ

e

g man runs UQQJH through a hclght of 3min2:
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= 2100000J

i - = 2.1 x 10%J

TSR]

"?’ dlsplaclng@Qody from posltion B to position A along -f_ - J.
~Straigh Q&lhc position vectors A & B are rcspeem‘*m :
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BN

~ T

&(@? 2.74x.1:6*’*3i )

A horse 'pt?ills' a cart horizontally wit @%rce of 40 1b ¢
30° above the horizontal and moves along at a s
iles/hr.(a) How much \yoté does the horse do in | 0
minutes ? (b) What is the | ut of the hors
PerfecraiLen
-9 = l (D) ‘0.

ime te Show: that the work done on the body as a
;afi_tlﬁ\&'. In terms of V¢ and tg is

g L In the process + 425
y the buming chemical
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YOUIUDE. COM/C/NIDUAIDTFU TUREDULTUIRS

el Chapter: 8
Wave Motion

and Sound

“hry -\ 8.1 VIBRATORY MOTION
5 _ x
| p::: - 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-
2 hp) 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, ‘afoms in molecules also vi-
Speeq '; brate relative to each other. The eléctrons in a radiating or receiv-
. ing antenna are in rapid oscillations. An understanding of wih.
10 rational motion is essential4or the discussion of wave phenomena
| 8.2 MOTION UNDER ELASTIC RESTORING FORCE
hp). (HOOKE'S iAW)
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
o Measured fram its equilibrium position. Since this force acts only
toward the equilibrium position, the result is a back-and-forth mo- -
- tion called simple harmonic motion. Consider a body of mass m,
] attached to a horizontal helical Spring Fig.8.1. The whole system is
. l ,,Ql”accd on a horizontal, smooth surface. If the spring is stretched or
2” 1 ”t?‘eompressed, a small distance from its equilibdum position, and
:: @Q then released, the spring will exert a force on the body given by

M- 8.1

€re.x is the displacement of
tion and k s 5

the Spring. The

the body from its equilibrium posi-
Positive constant, known as the force constant of
-above equation is the mathematical statement of

223
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Jforce of spring ona mass varies with the displacement of ﬂlp
._eqm‘ubrium ffonx = 0. !
etched spring, the spring force is to the left
nstretched spring), the spring force is zero. |
live\(compressed spring), the spring force i_s_to the rig

librium position and then x_'eleased. it will
through Oto + xp, posmon. This Sy
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= - constant x x

. jdr ac-x \> ] ',‘.. ‘. g
e the quantity (k/m) reprq&gs the constant of pmportlemltn _ . ‘
us sign shows that (h; acceleration is always directed m' .

ards the} equilibric 2 u ) (oscillatory)
motion-ih neou mporum
R eement %Sfihe oscillating body 1s called aslmplehamm
It is ated as SHM 3 " *

. QETERISTICS OF SHM

e we derive expressions for displacement, velo fty
md ume period of a particle executing m
Mm circular motion. :
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] "t‘llametcr AOB At come Ins _
am! the x-axis is wt + &, \((}ien ® is the angl-' wh
it is angle ¢ is kriown

Hrc e t!‘ " m
the pa.ru P rotates on ti

s, moves back and forth along the jame!
etween the two extreme positions x =2 X,

ht angled triangle OPQ. the disp
pasmen Is glven by
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tells us what the

€ quantity (ot+¢) is

'&e phase of the motion. We s%ate here that the function
_adlc and repeats-itself when creases by 2:1 radians.

e time T which the partl/ée takes to go through one full cy-

riod of the motion is glven by T=2ﬂ&).

jtsmo or ume .. meansthe

m know @the phase increases by 2n radians as t in-

. ?‘

 ot+e2m=0(t + T) + ¢
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- T
the %Q/s
vap = x, @ represents

ce eration ol‘ the poini Q (Q being the pro

!"i:e"cjt??lﬁ‘“éﬁ '

Wi T v_ the left (along negative x-axis). W
. ééceledﬂon of P is toward the: righ
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speed of the point Q is the componu&:&he speed of
‘along diameter AOB as shown lné@. 2 (c)

ﬂoﬂsmf' w O x‘,m‘\ 8.10(a)

I
“ez
IF

e

i rvf‘e'e@’élu com

8.10(b)
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placement x from equilibrium po

; 1e equation it is clear that tqg\; E is maximum
positions wherex = + Le (P.E)max == }

i’fé(‘gti? 'r EOT

q 8.10(c). th ression for the K.E is given by
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. .throughout its displacement inclu& nean and

Finally. we shall now define some im tcrms used fre-
itly when dealing with simple harmnnh(giﬁon (SHM).

erio l___:_wtion. the motf(ﬁksnbed by a periodic function

)= £ tt
eren =0, Q/g>3

‘is '&gfme required to make one complete vlbrat lon/os-
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!
I
l
|
|
l
|
|
5]
[x

tational force Fgand the tension {n the s

' qu‘mmm of length L. The &'ce on the patdm
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e always directed towards the mear poéiuon. If 6 is suffi-
mall (less than about 5 degr then

{\
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5 in a transverse wave the particles oﬁ&? medium (string) vibrate at
angles to the direction in which the C&m itself is propagated.
S 3

& The shape of the disturb d part of the string containlng the

B ulse caT:e dcscrie? ven time maﬁ rﬁly by a

s f(x) ~

. Hereyis thezr/e%ca] displacement of a part:cle from its equi-
librium posit@and X is the horizontal distance of the particle
he point where the displacement y is zero. Hence x, y are tbe

ts position is changlng continuously with tlme. H ;
of the wave pulse depends on time. Thus theshapc {
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waves produced on the surface of water
waves. A travelling wave can also be produc ;
ing one end of the string to a vibra ’?Blade. As L
ates with simple harmonic motion, segment of the
be treated as a simple harmonic tor vibrating Wﬂﬁ
7y equal to the frequency of ﬂpﬁuon of the blade Mf

CQ/ ﬂcally For example, in the case »4
length is the distance between t.he- adja

e medium through which the wave is pro
the sound waves travel through air with
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ot e e
: turbance is obviously a travelling
> lour consecutive snap shots of the travelling
tring is the medium through which the wave
ther assume that the shape of wave pulse remains
Q® le the wave travels along the rope.

be seen from the Fig 8.6 (c) that as the wave pulse

tion. A travelling wave such as this. in wh
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~ We will give a stmple mathematical treatment of one dy. m
transvere travelling waves. Constder a wave pulse |
'ﬂ’.ﬂ"elllng' to the right on a long stretched string with a cop
n speed v as shown in Fig.8.7. The pulse travels along the x.
and the transverse displacement of the string is measureq along,
axis. Fig.8.7 (a) gives the shape and position of the pulse at tins
The shape of the pulse is represented as Y = f (x). Here y 1s
tion of x. The maximum displaement denoted by Ymax {

amplitude of the wave. The distance travelled by the

N/

. ng. 8.7 (a) The s :,"'- string (in this case a pulse) att = 0. (b) Ata
| y later time t the puise has travelled to the right a distance x = vt.

b). Suppose the shape of the pulse does not changi | .
is condition we can represent the displacement Y for all the

-"ﬁ y =1x + vt) | 8.14 ()

ﬂaﬂy if the wave pulse s travelilng to the left, 1tS
; .n_fs_l. by 3 y
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d then the wave function y as a flmction of

nting actual shape of the pulse at t@ tlme. M
nt to a "snapshot” of the wave at this

he velocity of the pulse we can calc ‘éhow far ltselut. -

in a short time and then divide t stance by the interval.

est of the pulse corresponds t point for which y ts
um. In order to follow the motl@%f the crest, some particular

say Xo, must be’ substltute@ (x - ¢t). In order to stay with

we must have x - 0&,\% no matter hcmxand t change.

dista ce x = Xo + @l‘ixus the distance covered by the crest ht
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_ (b) ~\>
water regalns its oﬂglnal po’%!uon due to the “ -ence o

thén ins 1 of remalning at resttt’
(S bri .8 b

2iis ror +This expands into a large cir'ele'zv'
cond €ircular ridge which expands and so on
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v & 8 9 g

he

le

of

w w9 =

) il

&

6 volts

Flg. 8.9 The Image of the waves (s seen on the screen which is just a plece of
white drawing paper placed under the ripple tank.

First we dip a finger or a pencil-in the water and notice
that the circular waves spread out from it whenever it moves
slightly. If the finger is dipped in and out regularly at the same
place, waves consisting of altemate cresis and-troughsifollow one
another at regular distances. The distance.from one crest to next
one is called the wave length.

If the finger {s replaced by a dipp_r fixed to a vibrating steel
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.

«..The state of affair set up on the water surface is called a wave

Qltiﬂbn. and three important terms are used to define it completely.
«. These

are velocity, wave length and frequency. We know that the

frequency is the number of complete waves produced each second.

In our example, it ts the number of in and out movements made by

the dipper in one second. One in and out movement of the dipper is
called one complete vibration.

241
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o ,":' ': ;i ““ travels in one second s the velc 1y g
1d hence we have
Velocity of wave(9) = frequency (v) x waelength :
) -- <y VA Q ?“' (8.
knowing the frequency and wavelen%één?e velocity --
| L |

alated.
o
(n
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The screen which is just a plece of white drawln ‘?‘. a
eor the ripple trank. S g?\ \ r placed

 srting, which does work in producln&j&e oscillation in the
he points P.Q and R-rtprcsen{.“é/aﬂous_ segments of the

A, in a time T. To determine power transmitted by

RETI A TTOTT

& O _
. We Jnow that every point on the string moves vertically up
. Thus every segment of equal mass has the same total

EE of the segment at P Is entirely potential energy
segment is momentarlly stationary. The energy of the

um transverse ve]mlly (ﬂ,) max and mass Am. m
iggmcn-thgve_nby s

RES .



https://www.perfect24u.com/
https://www.perfect24u.com/

lon a stnng is pmporuonal to d qﬂ N

slocity of the wave (n) the square of the
the square of the amplitude. In fact, all.the
> the following general properties.

ff-__power transmitted by any harmo )
uare of the frequency-and to Lh@‘&uarc of the

be notcd here that energy is 60 carried by only

? 'l'mquen ‘waves have more energy than low-
; energy carried by ultra viclet light
e carried by infra-red light because the
ht are much greater than those of infra-re
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. uﬁeawn of a travelling wave at the ﬁ.wd endoj

that the reflected pulse is inverted, but its shape. ren

I . when the stﬂn I ‘?9
EVET, g 1s Ughtly strete

ts and then plucked, the crest exte : dis-

the supports. This distanc 18 clearly half the wave-

of the transverse wave developedin’ the string as shown in

12. At each end, the wave suﬂ'eg;% phase change. The crest

reflection at Q becomes a géugh W; and the trough W, be-

N

8 crest W,, on reflection at-p. -

up in a stretched strings with its two | | .'
the centre as an antinode are shown. ' A
imple vibration of a string consists of a transverse
along the string and being reflected at each
cldent and reflected waves are always equ
u;phaneandsothemdls t

- m N T A .
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1r 01 § 8
bl o e O
p== I_I’ e =

. ".
? . = ¥
ry 3

Qand y,= A, sin fc+ o)
s displacement of a wave :

' " lﬁcldentwaveand'{ repmﬂ
llngtotheleﬂ,wlﬂchisom e

funeﬂon Y is given by \2‘

¥y = A, sin (kx - o) + A, sin u:xést)

here & =2n/Aand © = 2nf. Using onomctrlc dentt-

y &) /\O

b @Q;%um

n enurely dx t from the expression Whldlu
75 -' vellin Qarmonic wave. From this
standing wave has an angular vcloe;gyﬂ
litude given by 2A  sin kx. This mean ,
5 .:.~_ mSwlthe frequew& owe
ef a yven particle depends on sin
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Betituttng for i = 2_1!5 - In Eq. 8.21 (a) we get

NS S\
-5-. ’ e ?\7.

2 2

These polnt&/é/f/ zero amplitude called
e also separated by % - The distance between a node and

~ We conslder a s@t&hed string of length L fixed at both
ds as shov .13 (a). Standing waves are set up by a
Superposition of waves Incident and reflected fromthe
ing-has a number of natural patterns of vibrations
hmodes (as shown in Fig. 8.13 a,b,c, and
has a characteristic frequency. The frequenc

 noted that the ends of the string must alway
y are fixed. If the string is disp
, the vibration is as shown in |
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_..'dtng waves on a stretched string. All s
e termination polnts.

_en 8 obtalned is called the fundamental
monic of the standing wave.

fring may be made to give out next
is done as follows:
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S B
@%orrespondiﬂg "

ﬁ gv.neral if the string vibrates in n loops,

quency y f, is given by \2\

8.22

plication of stretched strings for

tg %”:@@m loop .1t

5 hed across two

A and B ] ﬁtbic top of a hollow, wooden sounding bax

e metre . One end rf the wire Is fastened to-a peg at

of - The other end passes over a smooth frictionless

¢ other end of the box. The pulley carries a scale

odhat it can be loaded to have any desired tension in the

between the two bridges A and B, there is a movable

Ing over a scale to adjust the length of the Vibzaung 4

' _ng. Herc the bndges AB.C nlways fom nodqqf
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dll vibrate in two loops with a frequenﬁ 2(,.
ra

placed in such a position that the strin tes ﬁ |
ﬂk frequency excited in the sm%(éll be 3f,, and :
\~,

| the laws of transverse vibrau@of string can be verifiec
eter. If L is the leng‘lhﬂ}wbcraUng scgment g_' '

‘, s.G

p
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In a dlrectlon parallcl to the dlrecum oom n.

_ are produced in substances
e like gases and wire springs. So s are longitu-
result from the disturbance fhe lnedmm. mw
j_»-_«- ponds to a serles of mg&a low pressure regilor
el thmugh air or through §} ther material mdkm
velocity. A long:tudlna(ﬁ se can be easily produced m
. F1g.8.15 represcnts a ﬁy'mg whose turns are largew m :
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EESRUDS-COTITC/IVILICAT D Tn o

L}

il

&
i

compressional, longltudlnal or pressure waves.

3 I' Sound waves are the most important example of lon

E ~ waves. They can travel through any material medium fe) gases, prop
solids and liquids with a speed which depends upon the properties of s

LT Ld the medium. As sound waves travel through a m&?lum the par- and
‘:~ -\#  ticles of the medium vibrate along the direction of propagation of bulk

r' - the wave motion. This is in contrast to a transverse wave motion in - by p.
| )‘ - which the particles of the medium vibraté In a direction perpendic-
4%1' to the direction of wave motion. The displacement that occurs

;_gsa res % aves involvedthe longitudinal d tof The ¢
_'.:' -r; the individual é& Jrom ’ihé equilibrdam ml’&' | the s
s _'“.: m a series of high and low pressure regions called compres-

~ sions and rarefactions, q/éépectwely. Graphically the longltudlna_!:
ve is represented {lg"transverse wave. il

press

lII
@>ee categories of longitudinal mechanical wﬂﬂﬂ1
ver different regions of frequency (i) Audible waves (1) I~
@c& and (iii) Ultrasonic waves. 7
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_____presslonal waves depends upon th
1a of the medium. If the compres
us denoted by B and density (ln@

eed of sound In that medium
/575 e

‘_ongi n-by Eq. 8. ownasNewtonsformulafnr =5
e T T

odulus. B. is the ratio of the changeh
ting fractional change in volume, -ﬁvlv
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2
O o

A

Q 54 -
swton's formu@- £q 8.24) was ob:alncd on the ass i
COMPress @ and rare-factions take place at

& &
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Where M is the molecular s of the gas in units of kg/
mole, n Is number of moles R ’fs universal gas constant and has

€ -'8 SIMTOI-K and

perature expressed on kelvin scale.

Ccickisy brlschind 1n aur at

? 'C. m know air ¢ sts of approximately 80% of Nitrogen and

en. Th ﬁsses of Nitrogen and Oxygen molecules are 28
32{a:m.u respectively. Therefore the mean molecular |
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= 300m/s

L. SOUND AND NOISE

percelve some sound as nolse and some sou
the slamming of a door or the mbling

Illnmse.whereas the sound p byg
~ agui .mdedasmuslcal These two soumlm
. d in form of graphical patterns as sl\ In FIg.8.16 “
o . The Fig.8.16 (a) represents an lrreggﬁr non sym
' lmalm producing dlsagrceable sensation henu
b y. symm
| TTITSARIARETIT.
-\” . The ph)mml difference ﬁctween these two types ol'
e mmod by stl.Q&g their spectra. The specimn
: g, th wma@%m sound are sketched in Fig. 1
o ’mlﬂ 5 espectively the spectrum of noise ¢
]_..'I; - s which are not harmonically re

L arenot!ntegralmulupleotthe. T
de of each frequnecy components _ -

L

mndmmu
mmm q

- - -l % S __hl _-_..__ .
ey m‘“ 1
i *

3 o=
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wave pattern of a vlolin (c) Power spectrum L
t of musical signal. '

acteristics of a musical sound

Musical sounds or tones can be distinguished fron v
the following characteristics:
sity (loudness)
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d out that the intensity of sound Is
al quantity lnd it can be measured accurately. It dm
pend upc auditmy sensation of the ear. On the other h
oudness iﬁ ﬂte magnitude of auditory sensation produ
nc {a ,upon the Intensity of sound and as "h ﬁ-‘
ds upon the auditory sensation of the ear. A non@m sar
 very sensitive detector of sound. It can record the'least intense
\,-. W/m?) which is one billionth of them um sound
that can be heard without pain. Tt$§b dness of a sound
hmsedkecﬂyas the power delfvered to the ear increas-
sems to vary roughly as thc o arithm of the power ll'

foﬁ’f"é@%“ e

Ly level is ed by the equation
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.-e unlt of loudness * ‘sone’. The sone ls deﬂn%‘h
one = 40 dB at 1000 H;

N . 10* when B = 40 dB, therefore K ?(1?1
& 4o Q/
(__, o 8.28(c)

e sone scale of loudness has Bewén recognised internation-

erfect24u com

It is defined as the sation that sound produces In the ear
1er and is cl a@r related to the frequency of sound. Fre-
nd _pitch th measured in Hertz (Hz). Thus greater
@eater the pitch and lower the frequency lower
‘pitch of sound produced by various physical instru-
epends upon the natural resonant frequency of the
it ls our common experience that sound of a sparm
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W.YOUTUDE.COM/C/NMIDCAIBY FUTURED URS

= m the instruments. We recognise the voice of a friend mlhe
~ telephone by quality. "5 e
L' ;-!&1,

o Helmholtz was the first to discover the cause of differenceln In Fl
| musical tones which 1s called quality. gL

The difference in the sound produced by two notes of u@\ 8.18
same piich and intensity is due to the difference in their resu |
waveforms. The resultant wave form of any sound is obta

e el
[

-
|

Ty A

r

o =L ey

=1

o
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BN B fridameiital and third hermcnte are bmb
jive a resultant wave form. |

N in a medium. The two waves are’ travelllng to the right
ve the same frequency, same wavelcngth and same ampli-

it they differ in phase, we can expi-css their individual wave
n displacements as

e i COM
ultant w%ve. function dlspracemcnt {s given by
Lt Y, = A‘{gln (kx - wt) + sin (kx - wt - $))

make use owing trigonometric identity to simplll'y it

'_Q{,\.zm(“ B sin (228)

kx-ot and B= kx-ot-9d, weget

| eos—?- ) sin (kx -~ mt-s-’-) 829
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8y !n-and'ou of phase, 1. |

o this phenomenon as Interference tn time.
f aning forks of slightly different frequencies are
ber pad. one hears a sound of changing intensity, _called
1ce we can define beats as the periodic variation in 1 ten-

given point due to superposition of two wave havi slight-
lifferent frequencies. The number of beats that one hears per
(or beats) Is equal to the difference in frequency between two
rces. The maximum beat frequency that the an ear can de-
ect is about 7 beats per second. When the bth equency (number
f beats produced per second) is greater than Seven, we can not
hear them clearly. One can use this effect 16 tune instrument such
- as piano, by beating a note against areference tone of known fre-
~ quency. The string can then be adjusted to equal the frequency of

the reference by tightening or lossening it unufl no beats are heard.
0@&:‘9&@#&%&%& -ﬁusﬂ‘bﬂg de travelling
thraqgh a medium in ‘g)'df'same direction having slightly different
uencies f, and fz,(:&"ban represent the displacement that each

wou!d produqh t a point as:
ot -| Y= nfitandy,=A_ cos2r fot
Y%xl Y, =A, (cos 2m f t + cos 27 f,t)

S0 =24, cos 2nt (£, - f,) cos 2t (f, + )
- J. 1 = [ 2 2

.

1d y, are the instantaneous displacements ca
1al wave as shown in Fig.8.19 (a)'and y Is the
it caused by the two waves together as sho
d o e 4' L

<y | S
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en f, Isclosed to f;. the amplitude variation ls shown
by the envelope (broken line) of é"resultan( wave

0‘3:)
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 clear concept of acoustics let us sup
are  produced In a big hal, These s
scatter and strike the surfaces of the walls
elling of the hall and also the surfaces g
nt in the hall. Some of the sound energy '
 and some Is reflected. The reflec :'Qparts
sound waves) travel bac
frable echoes. These echoes interfs
coming directly from the source’
ct and unintelligible s

x"\

~ \

ting of -
d recombine to foun R
with the original sound k-
“The result is that we have 3 .
and hence give rise to bad

A ;;._t—‘--,‘qndlt!ons for good g Ics
f Qf‘ﬁ@%t@zw&a@@mw -
| - thhedccay - of each syllable should be

small so that the
ing.syllable can be hearqd clearly.

Zchoes should be just sufficient to maintain the ¢

OL8sounn

1€ hall should haye some open windows. Sound absork

us materials like cloth, cork, asbestos etc or heavy
should be placed in the hall at various places o

Dlz
D
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2 wa e with frequency v and wavelcngth :
several wave crests separated by equal

on relative to the listener © + ﬂ
""tks(emr is
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|
1
)

h -

o
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|
|';
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consider the case when the source is tion aun '

| a speed, O, toward a stationary nsth?“ as shown in

Ie wave crests detected by the stagéizary listener a:e.

1er because the source is moving: Qﬂﬁe direction of the

ve resulting in a shortening of’ mvtlcngth That is, t!u:
" measured by thc llstencr is shorter than the true
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On the other hand, if the so moves away from the s i
listener, the wavelength e sound arriving at the listen-
at thanthetruewawe gﬂ:l(l.ela'lllandthem

cy which is given by

l+-—-ﬂl)
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Pnally, the Eq.8.40 and Eq.8.41 are exp

| ‘«
—.” = ( 01 Oo (</(</

OF O, Cf

Eq842 reduces to EqBQG\Q-nen g = O ( i.e. when the
| an whené aOrgguccstoEqSSQ Thus the va-

d4uU.com

_ whm both tener and sourceare at rest (9, =0,
t;hen no chg/éz) in the frequency of sound is observed

hows what happens when the speed of source (d)
_- um s less than the speed of the sound wave (0)

eed of the source O, Is comparable in magnitude
' ';_‘%m-the source keeps pace with the outgolﬂl p

ahead of the source and they ca .' e K
cont!nuea (Le. mmbMW

"-"-'- restorlng m .
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itributes to the Doy
nsequently, a wavefront that is
in Fig. 8.22.

Direction of

Propagation

of wave front
ﬁ

~N
ves with a speed exactly equal to the wave speed,

When the sour
_ the waves p. and form a plance that extends perpendicular to the
~ direction tion of the source.

Xt we ét\}d like to see what happens when 94 exceeds the
e. 8, > O Obviously, in this case, the source runs
tgoing waves and in such a case the pile up of the

‘wavefront which takes the shape of a cone with
ct at its apex as shown in Fig 8.23.

at » is best explained by considerin .-
= 0, and some later time t. the SE
avels a distance 9t (the radi
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L

“ wnn "?’.

\[ />

£ Q‘?'

23 Representation shock wave produced w
from &mcw"{‘:?mthgrmerthauthcu@'g:m_
‘me ' The envelope of the wavefronts forms a éa .'i.'
en by sin 8 =9/9,.
m Intermediates wavel'roms.k@ such tangent 1

¢ of a cone. hence a conc-sha wavelront 1s fc

Qhetwun thfdirecmn oféfmﬂ and any tangent M

grect24u. com

. %ae ratio 9/9y s referred to as
«\5 3
e-shaped wavefront that is p
the alr is highly compressed. 'ml.s
ﬁ‘lﬂ called a shock wave. Some e
Q M bnat on the water when tlle
e o, Jet atrcraft tF-lﬂ

|.
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Wunoﬂs OF THE DOPPLER EFFECT

R The Doppler elfect provides a method for tracking a satellite,
3 W Suppose the satellite is emitting a radio signal (i.e an electro-
magnetic wave) of constant frequency fs. The frequency f, of
the signal received on the earth decreases as the satellite is
passing. The received signal is combined with a constant sig-
nal generated 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.
:'?M An electromagnetic signal is emitted by the radar gun in the
I{f"h"" direction of the automobile whose speed is to be checked.
The wave is reflected from the moving automobile and re-
lines lie g : ceived back. The reflected wave is then mixed with the locally
generated original signal and beats are produced. The fre-
Ine is gven quency shift is measured using beats and hence the speed of
the automobile-is determingd.

(ti)

(i) Radars (Radio detection and ranging) are commonly used for
civil and military purposes at civilian airports and military
3 the Mach 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, is extensively used in the detection of aircraft speed and
direction.

‘@ VOR (Very high frequency omni Range) is a guiding system
N\ usually installed at the airports to guide the incoming air-
- crafts toward the location of the atrport. Nowadays big and
modemn airports for example Quaid-e-Azam International Alr-

port, Islamabad Alrport, 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

e

273

Dnld'FtJ\'l-’)/l 1L AArM


https://www.perfect24u.com/
https://www.perfect24u.com/

ing the heartbeats of fetuses and newboms

OF%

c : onic instrument called Homosonde u m
t of ultrasonic waves reflected from ?ﬁng nasses
patient. The device is very sensitive etecting blood
nd measures faint heartbeats in @} ry noisy envm [
nent where the use of stethoscope rP@;not be reliable. |

Ir slmnar manner, we can dct,ecéthe motion of an oluem

Doppler effect ro@an is important in astronomy. Spec-
analysis of ll itted by the elements in distant stars
e wavelength compared to light from the

Jon carth. These shifts can be lntexpnled'!ﬁ |
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- (i) The characteristic [requency is

R

1@
The period of osillation is T =

s Aﬁ?@f mass 2kg attached to a spring is displaced thr

' «-"': )4 m<from its equilibrium position and then releas
3 constant is 200 Nm". (1) ind the period a.nd; E‘eg 1en
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e ﬂnmaxlmum acceleration
a, = - w’x

axi ni m acceleration occurs at th G;Q of the ’
. =themfore &Q

a, - t w’x, = + (108)? (oom\s + 4.0m.s™

025. ttached to-a spring is dis
naengn o@ ilibrium position. If the sprir
‘and l S velocity at the end of this displac be

M total energy (if) the amplitude ef its motior
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: ] / s - e
" 2x4x10°J et - .
2 0.4 Nm® - R

X,=0.1414m

| - Example 8,4

A simple pendulum cog etes one oscillation in 2 s ¢ alou-
late its length when g = Q@lﬁs the time perlod of Sllﬂplt .

P4u.com
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on due to gravity = 9.8 m s
us values, we get

resonance frequencies we know llzé(j(

Y/
mionic (Vg),.n = 4

- = 70 hertz
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strlng for each resonant treqqéﬁ:y

thn 2l /n wheren=1, 2(§?4 D) cistaigts

2x6 =12 m

qr@}@ AU com

6 =4m

«?’

2x8 &
4
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el g is vibrating in four segments, 1@,

_;Wgauuxl

|
i :
i
iy
L]
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gnetic, lncludlng light, radio waves, |
aspeed of 3x10° ms® wmmnsaq:ressd_

d frequency by 9 =V A
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340 .ms" 500§§ ,
' = 525 8Hz
340 ms” - 16.7 ms” )
\.

the ambulance is vaIng away, the
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BAsin (o) What are the frequéiieie. e
pe is closed at one end? (c) For the case
~ how many harmonics are present in the normal b
~ ing hearing range (20 to 20000 Hz)? |
it ,‘_.t_ Ans. (a) 70 Hz, 1
(b) 35 Hz,105
(c) 285t
4. A standing wave Is established in 2120 cm long string fixed
~ atboth ends. The string vibratesin Cnit segments when driv- _

en at 120 Hz (a) Detcrmin%@ wavelength (b) What is the
fundamental frequency" \\

Perfect?lm’ WOM

5». Calculate the spi of sound In air at atmospheric pressure
~ p=1.01x10°N/nf, taking y=1.40 and p = 1 2kg/m‘

- - s |
6. “A so§b wave propagating in air has a frequency of 4 0Kz,
- Caleu ate the precent change in wave length when "'_ e ‘

T E*ﬂh‘ temperature decreases to 10° C.

4P 24,
[

e
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osite direction as the car approaches the
1e car moves away from the ambulance.
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S Chapter: 9

Nature of Light

9.1 DUAL NATURE OF LIGHT |

’ :
ir nrlf76. Christien Huygen (1629-1695)- shrowed that a wav
| o

& r); gidight! could explain ¢he laws .of_reflection refraction an :
€ phenomena of double refraction. Two considerations di d
scou-

Second]
o yilsound and water waves réquire a medium for their prop-
U m- Ow, therefore, could a wave travel through vacuum as
propa' u:t do to come from the sun and stars? The idea of a wave
£A d ' |

‘wPagaton without medium was unacceptable. One important dif-

‘ference
N\ between the theories was that the corpuscular theory of

ﬂﬂ: l;:‘:d;;a;lted that light would travel faster in a matertalshaihi
mateﬂal-medfreas the wave theory predicts a slower velocity in a
Measured 1 um. The velocity of light could not at that time be

Mmaterial, and the decision between the tw: theories

Was made on different evidence.

—

i ‘ 285

At Ny A~

atiany
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nﬂﬂy supponed the corpuscu;&, the
) Pmposed theory of light. The wave

;_ﬁabalum confirmed that the veloclly ol' l g .

malerial medium than

ral a _'é‘é.ptance of lhe wave nature of light. Yi»»

SO o sl
In secondary classes, the electrostati d of a distribution
 at rest and the magnetic fleld o@stcady current |
ave been studied. These fie cfs ay vary from

in space. but do not chan 'w(th time at any ind f
i s s 5 ey
In case, the electric ﬂ and the magnetic field do vary é
en it is not possitf@ o treat the fields independently. Ac-
» Faraday's changing magnetic field with resg
a; a sou f electric field, similarly a changlng !



https://www.perfect24u.com/
https://www.perfect24u.com/

[ NN\
LY '

Flg. 9.1 At a large distance Jrom the antenng (located
direction), the variation of E and B wlth distance at q g
soldal. Furthermore, the electromagnetic wave (s ap

at every point and for all value of the time, \2\

In1873,James Clark Maxwell sho“Qe?that these electtrom:

netic waves can propagate through \g@ém. He obtalned a theoru.

~ lcal expression for the propagatlg\ly%peed of the electromagnetic
| waves. The theoretical value of the speed of electromagnetic waves
was found to be cqu:lal to the-speed of light measured expermentally

P I,

BETE o

| us Maxwell coricluded ‘that light waves are electromagnetic
| waves., (This can also be expressed by stating that light propagates

as an elcct.roq{%ﬁ’teuc wave). These light waves consist of an oscil-
lating elec(:{c\) leld E and an oscillating magnetic fleld B. Both |
fields rpendicular to each other. The mutually perpendicular

e > and electric fields in the light wave oscillate in unison
SUI% same frequency and identical phase. Both E and Bare per-
* ilar to the direction of propagation of the light waves which
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4% 4.0x 10"'m (shortest v.istble blue) and the corresponding f,

W. DUIUDE COMmM/Ciivib Al ET FUTURECEE
L, A ranges from 7.6 x 10 'm (longest v; "*Sible

v ranges from 3.9 x 10"*Hz (longest visible red) to 7 5?‘1 s .
(shortest vistble blue) 0w,

Fig 9.2 shows the sketch of electromagnetic Spectrum, 3,
electromagnetic spectrum has no definite upper or lower limj;. Th
Fig 9.2 also displays the name given to the electromagnetjc Wavc:

In various region of the spectrum and it indicates the Wavelen@\‘

Frequency cycles/sec \?“

102 10¢ 10¢ 10® 10! 1012 104 10!e 101 l.oa’n 102
VUL UL I T B e R R S S S N DL N N N T B

Microwaves Visible X-rays

—_——— —e —4 5 et e e e

Radlo ""  "Infrared  Ultraviolet " Gamma rays
1 | i | | il || | | i | | | | | | | 1 | | L1 1 I - =

DS =10 1 . 10* 10* 10° 10 “10°° O
wavelength metres

Fig. 9.2 The electromagnetic spectrum. Note that the wavelength and frequency
scales are logarithmic.

and frequeéricies 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-
pende{t t of the light intensity while the wave theory suggests that
Kinetic energy of the photo electrons depends upon the intensity of

the ught beam. )

(if) For each surface, theré exists a cut off I’rquep
quencies less than the cut off frequency. there is no hotoelectﬂc
effect, whereas according to the wave theory of light.
tric effect should occur for any frequency of the light

mlntenslty is enough. . 15030616 i
_ _

For fre-

provided that.

Paracto Ay com

e photoelec' -
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T E=hy
" Where h s Planck's constant (h = eﬁgé X 10 ' J-s) and v ts|

frequency of the electromagnetic radiation. He further proposed'
A matter, it behaves as a praticle
dlvidual electron (n the ab-

|

o =

‘ 1
wl

?} cdbyA.H\
g

is ‘called compton effect. He was successful in o

In 192lhoton~‘,ﬁaturc of light was

Compton, whic

e¢valuating the motion of a single electron and -ray photon be-

fore and aﬁergﬁhlon between them and concluded that they be- =

haved ltke matertal bodies and possess momentum and kinetic en- | X
S

5 |

'd the Elnstein theory of

ward photon _r"q;dr'relaﬂon expe

R TR ettt L - A=l =

- PRTSN 4 . o i o BE il
AL DI Jq‘;l"_.'.t'J ”‘.; }-;f&" ".l -
_‘.'_._ ‘L,F—“— = a o R, » "';;_. . v .~ o ' 1Y

e

ST 4 s L
AT Ny T
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TIE TWWW.YOUILDE . COM/C/VIDCATDB YT FU TUREDR
5 w e WHJ‘HM‘ the discus : ’
such as interference, diffen . "¢ have.

wave-
shmt: like properties. Thus discussion about the naturg;gf ligh
ws that light Possesses dual nature i.e, wave-like ,a’n:‘d‘pamﬂ:

9.2 WAVE FRONTS, HUYGEN'S PRIN CIPLE

In section 9.1, it has been shown that light waves are elec- J
tromagnetic waves. These light waves consist of mutually perpen- :
dicular oscillating electric and magnaetic fields. Both electric and ]
magnetic flelds are perpendicular to the direction of propagation bs
therefore, light waves are transverse waves. Waves can be classi:

S0
fled as, one dinensional two_dinmensional @and three dimensional ic:
waves depending upon the Humber of dfmensions in which they S0
propagate energy. ta
' Light waves which emanate radially from a small source are ST
three dimensional, Consider a 'single wave', we can draw a surface be

We

through all poeints undergoing a similar disturbance at a given in-
stant. As time passes, this surface moves along indicating how the 3
wave propagates. For a periodic wave train we draw surfaces, all of
whoie‘;\ﬁ:ints are in the same phase of motion. These surfaces are

‘wavefronts'. In homogeneous and isotropic medium, the di- wh
rection of propagation {s always perpendicular to the wavefront. A bh
line normal to the wavefronts, ind{cating the direction of motion of Suy
the waves, is called a ray. e

Wavefronts can take different shapes. For éxample, if the d”’_‘ | e,
turbances are propagated in a single direction, the waves ar¢ @m thy

referred as plane waves. Consider a plane normal to the directio® | en,
g — ' . %

———————————— - s
- 290 s
et IO O |
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ol

e planes represent

- Fig. 9.3 (a) A plane wave. th
apart, and the represent rays. (b) spherical
wavefronts, spaced a Wwavelength apart.
Jrom the source, however, smai; of %%J
\\.,,,./

the spherical

ical wavefronts whlﬂg‘ggg:- ar, ving thepo[nt !
ﬁ‘ﬁ‘rjﬁucgsas’ howr jm very large aia- 8
[an é : = ‘E;-'

9.3 INTERFERENCE OF LIGHT

O _ In chapter 8, we have studied interference of sound waves
Which s the result of superposition of two waves. The int
Is a general feature of all types of waves

;! lomenon of waves, ay
°EC as sound waves, mechanical waves, light waves, etc. -

&gg:;,. 1L

twowavcsareailowedtqm er]

5 0
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oA -. ‘the mterferfng Wt .

_
.

the Intensity of an indivig
known as constructiye inter.

Light waves also undergo Interference.

terference associ
ated with light waves arises
blnlng of the electric

individual wave.

F undamenlany, all ;n‘

as aresult of the cop,.
and magnetic fleld vectors that consttute th,

Interference

Serve because of the short wavelengths involved (about 4 x 107,

-7
07 x107"m). In order to observe stable interference of light waye
the following condition must be obeyed: .

A common method for producing two coherent light sources
IS to use one monochromatic source to {lluminate 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
light source
N,

-— i -

SN s

Viewing
screen

Fig. 9.4 Huyger.'; Construction of Interference pattern
A .
beam the two slits serve only to separate the original beam

Into the parts. Consequently, a random change in the light emitted

by the source will occur in the two separate beams at e

time. and interference effects can be observed.
9.4 YOUNG'S DOUBLE-SLIT INTERFERENCE

The phenomena of interference in light waves from tW
1801. A sche

—

292

cffect In the light waves are not easy to oo~ |

s
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natic diagram of the apparatus used by him dypins, . 3
- ys shown in Fig 9.5(a). To obtain two coherent “ﬂ“g dmmsbaﬁon
 jncident on a screen. Which has a narrow sy g &1:,““'“’ light 1s
ing from this slit are then allowed to |n cident :‘n € wWaves emerg.
which has two narrow, parallel slits S, and § a _I;ccond screen
serve as a palr of coherent light sources because:;avc:& two slits
from these slits originate from the same wavefront gn :O;:Ing out
always in phase. On a screen placed at some distarice oo e;efore.
found a series of alternately dark and bright parallel ban:; oung
sponding to the position of destructive and constructive mtc::(;::‘
ence. These altemnate dark and’ bright parallel bands are cal”ledt
fringes. That is, when two light waves add constructively at any Jo-
cation on the screen, a bright fringe is produced and when WO

Ight Soury, light waves add destructively at any location on the screen a dark
SCree, i fringe 1s produced.

g
fl'qn bOlh Screen Central bright band

¢ ! (a)
Viewind
screen dsin ° path difference
- (4 .
= aigno o ®)

M | @ o : double
E " Fig. 9.5a) Young’s two slit interference pattern (b) A diagram of the
, s slit experiment. -

The quaq,t,lﬁz;-z:dcscnpu':;n of Youhg‘é. experiment can be
obtained with the help of Fig 9.5 {b).Light waves with a deflnite wave
A, are Incident on the pair of narrow, slits S, and Sy which

o= 1450

= e e - =

293
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:h“!-_—_"%- S g e )

; - This path difference will determine w{g&er or not

\x'

> in phase when they arrive at the point P. If the
s either zero or integral multip@ f wavelength of

1. the two waves are in phase anéi\constructive interfer

ﬁ e is prof?} aelrj'orcétﬁnlsrn '

(maxima)

here A repre the wavelength of the light usx'.clL
r the ord the fringes, thatis

B@“ +2,%3,.

al bright fringe at 8 = 0 (m =0) is called 2
he first maximum on other side, where
1aximum and so forth. . gt
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513 T‘ o L
istance from theslit to the screen|s
ance between the two slits(d << L), In praéﬂce

while d is a fraction of a millimetre under these «
all, therefore E” Vi3
St sm § = tand \2@

I 3, S[b) consider the triangle OPQ we se

b E - . Y %
E S = 9 = —=-— 3
w ~ sinf = tan . <‘9

Itiplying both sides by d we get\\«

~ .dsing = o~
;Fj rectddu.com.

and comparing Eq, 9.5 and Eq.9.2, the positions of bright
measured from the point O are given by

-Z
)

. d /gm

‘“jbe the distance of the centre of the mth brlght band
tre of the central band at 8=0
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g of light. Additionally, the experiul
lmt deal of credibility.

'| -
ERENCE IN THIN FILMS

bubbles and thin layer of oil floating on watet

,, observe the vivid colours. These visibl T r . W
of an iInterference effect. The lnt$}énce in this case is

w the interference of light wa eflected from the oppo-
- surfaces of the t.hln ﬁlrns. -g whlte light conslsucl su-

s oplon
‘ | &he two lnterfe eams; hence the appearance of eﬁ-

lncldent light  Reflected light
D 3



https://www.perfect24u.com/
https://www.perfect24u.com/

m; lhn Y I e T8
m of nghg (thus relatte ._--'
w#perpendlculumm. m

ﬁ;ﬁ(l). a line ab represents g ray in a "- _ L
. tln upper surface of the film. At the potat b on B&air. %
e, the ray ab s partially reflected as a ray'be anq “
mnmltted as a ray bd. On the glass-air _ “.
d, another partial reflection occurs and some W
nerges as a ray ef. The ray be and ray ef ere with “
paduclng constructive or destructive erferenee depend-

rtm relationship. For nearly no cidence the path

differenc ‘between the two interfering rays (be and ef) is twice the
th s of the film. Thus path differ, = 2t. |
P 1. AN

'l ugms path dlﬂ“ercnce is an,mtegral multiple of wavelength,

5“‘ &m"’%ﬁ&m

\\./

Q
!hfortlmatcigg&c situation is not quite simple. First, we
st take care what actually happens to the phase of rays thatare &
‘ d and refracted, because these two effects have cirtical 1 ‘
en nature of the interference. Furthermore, we must |
. that we are dealing with two different wavem I.. ;
%~ W€ normal wavelength A in alr and slightly ¢
a ;4 'I
g ie medium (of refractive index n) which is labelled
'-'—'-}i--'“-: h in medium is then given by i

! 24

. - .. g 3
#."L-’i::fi 3' :
i 1I._ 3

Mhappmt?m

ffeencansasy

éfj.lae s
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youlupe com/C/IVIDUAIDY FU TuRER
R .l‘ .‘. f e E

_ u. e the plates are In contacts, th
* expect a constructive interference

munﬁ.pamm

N (a bright s y 'gl
;mhof‘roung‘s double slit experiment. But In actﬂl :;::::I::::‘; |
does not happen. What happened? The straight forward conclusion,
to solve the problem is that one of the two rays has gone under ,
~ phase change of 180° during its reflection and therefore, the condj. af
tions for the production of constructive and destructive Interfer.
ence on their films are reversed. ™)
\e
~ In secondary classes you have studied that mechanic | n
waves are reflected whenever they come to a fixed boundary.Obser. Wfdﬂ
vation shows that the reflected pulse is exactly out of phase (180° rictly C
phase shift) with the original pulse. This phenomenon is as valid in ° (nea
the case of light waves as it is for mechanical waves; therefore the ol es
ray be in Fig. 9.6 (a} which is reflected at the upper surface of the i clea
thin film is exactly out of phase (shifted by '180° or half a cycle) itis
with the incoming ray. Refraction has no-effect on the phase of the different
ray and is equivalent to pulse reflecting at the free end- an opera- flected 3
tion that @oes not affect-the, phasé of the ray,~Thus the ray ef due to tl
emerges without any change of\its phase..lt is {mportant'to note up.
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 9.6 NI
index of refraction of the meduim in which the wave is travelling, An
We conclude that only the ray bc which is reflected from the 2 plan
upper surface of the thin film undergoes phase reversal. The rays 8.7,
be and ef \gﬁlc‘h are out of phase, interfere with each other. By vir- .
tue of the/phase shift of 180° (phase reversal) in the ray be, the Ing of
condl@n for the production of constructive and destructive inter- the lcn: r
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 th;r_g_;s no phase rever: |
gal In any interfering beam. .

2 Y0 2v
_ In the light of above discussion the condition for construcﬂwl
terference can be expressed as 3% ¢

‘

Bl =

m¥e6f24u.com oag
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By vir-

CCl2atCom

PUWIDE.COM/C/VIDCATD T RO UREEOSE
ot '(m*;*“‘n‘ m=0,1,2 4 ! S

. 9.10
gubstituting. A, = - We get
1 ¥
2nt = (m‘.'—,k m=0, )
2 L 2. 30-.-. (manma] 9 ll
and for destructive interference
2nt = mA; m=0,1,2 3 (mi
. . * Pyaean nlma) =
| - 842
In practice, the interference fringes are not spaced W
secordance with these equations because these conditions a: !;
strictly only to the light that falls on the thin film at angles ab:ut

g0° [nearly normal incidence). As remarked earlier the position of
fringes depends upon critically on the wavelength of the light used,
it is clear that the position for the bright'and dark circles will be
different for different wavelengths. Hence when white light i3 re-
flected and refracted from a thin fllm produces coloured fringes
due to the difference in wavelengths of the colour that is make it

up.
9.6 NEWTON'S RINGS

An alr wedge may be formed between the curved surface of
a plano convex.lens and the plane surface of glass shown in Fig.

(9.7).

This arrangement produces an Interference pattern consist-

Ing of @ number of rings centered on the point of contact between

%@ﬁs and the plane surface. These rings are called Newton's

g. The thickness of the air film between the glass surfaces var-

‘les from zero at the point of contact to some value 't at some potnt
£.as shown 1n fig 9.7.

If the radius of curvature of lens Ris very!

With the radius r {1.e radius of a ring). The point :
— Cirele due to zero path difference at this poin

299

arge as compared
of contact gives 3
and 180°
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gs produced by interference at théa‘!r wedge formed by
f the lens and a plane glass suerce‘

qu“‘ﬂﬂ'n :

J.“ H |'4
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-had an equally important rol ing
tas dards of the unit of lengtlx\Q}: contrast to th
slit experiment for produ@n interference fringe

‘. g,g g@ﬂiﬁ@m T

movable
mirror
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t consists of two highly polj . B

The m:mf M, Is fixed Whelfepa; 8:1::1 z:la::r '::"’;’:3 M, and M,
3 chown in the diagram. In addition to this, 1t ha: # ﬂTWableu
which has a thin coating of silver on its ry ght side _rh:- plate C
silvered plate s called beam splitter and s inclined at anglp:?:il){
relative to thc.incldent light beam. It has also another plau:s])
which is identical to the plate C except it is not sllvered. Its puyr-
pose is to ensure that the beam 1 and 2 pass through the '“\é
thickness of glas_s as shown In Fig 9.8.(a) Therefore, it s kncw:m P
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

beam splitter C (at the point p) to the movable mirror M,. After ra-
flection at M, it returns to the observer'seye thréugh the plateC. The
remaining part of the light passes through silvered surface of the

plate C, continues its journey,, passes through the compensating
plate D-anid-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). Aflter reflection from mirror M

and M, , the(two beams eventually recombine to produce an inter-

ference patterm which can be viewed.
Ca The interference pattern for the two beams is determined by

s«@e 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, 1s formed by reflection at the siivered surface of
Plate C cotncides with the mirror M, provided Ly 18 exactly cqua:fl :"
L, and the-mirror M, and M, are kept exactly at right ’"gu:s dlsi
and L, are not exactly equal, the Image of the mmr::fl b an-'
Placed slightly from M, (stll parallel to 00 another); an .
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e 1ce fringes result from the Ilght reﬂ ecte |
The :effectjve thickness of the air film s vaded
--ijarallel to itself. Under these conditions, the
Is a serles of bright and dark rings.if the extended

omatic. If a dark ring appears at the centre of ¢
inttem the two beams interfere destructively.:

ars at the centre of the interference pattcn}Q&‘e two beamsgn. |
riere constructively. <(/

arat.lon
erence |

Thus. successlve @}k and bright rings are formed each |
, s moved a dlsg(a/ ce A/4. The wavelength of light used is
zasured by coﬁﬁng the number of fringes shift for a given

ent of g@ nirror M, If the displacement is represented {

.....

- or l=gf—

m
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ween M, ang
- lntedmnm
formed ea
light used is
ft for a given

W‘FDUTL'H"\' COMJ/C/IIVILI'WA L B 1]

Beam
splitter Compensator
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 a screen. a shadow of the obsta-
cle is formed on the screen. In addition, we also observe the follow-

ing :
{f)’ (No light reaches within.the geometrical shadow of the

obstacle at the screen.

(i) Outside the geometrical shadow the screen is uniformal-

represented |

" D‘ﬁ.A

ly illuminated.

Fig. 99 shows the shadow of a razor blade placed between a
point source of a mono-chromatic light and a photographic plate.

:19-09.9 The shadow produced when a razor blade is illuminated by mon-
Matic point source, -y
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~Contrary to what we have observed earlier (no light reaches

“ m mmw shadow), we observe that near the Qde“"elu I

~ shadow a pattern consisting of bright and dark band:' of e |
This leads to conclude that some of the light has v, lna

- geometrical shadow. "The bending of light around an Obstde |
called diffraction.” Stacle 1

The bending' of light L.e. the diffraction effect depends upon,
the size of the obstacle. Diffraction effects are larger only when ye <\
deal with obstacles or apertures comparable in size to the Wa;:\;F
length. Usually the diffraction effects are small and must be rgﬁw

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-ofidiffraction-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 co@?ﬁond!ng rays are not parallel. Similarly the wavefronts

lcavln'ﬁ‘ the aperture or obstacle to illuminate the screen art not
plane as shown in Fig.9.10(a). This situation is described as Fres
nel diffraction. : =

4 - L

-
IALARTT

FRAUNHOFER DIFFRACTION y ik
' If the source and the screen on which the diffraction Pﬂ“:‘:
_ is formed are removed at a large distance, so that the °°“°SP°_..-
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c)
n as shown in Fig. 9.10( b and
ee

the SCF

diffract
e, resulting in Fr a“"hg'ﬁ; source
coréumoaucea by lenses, lea
nal positions,

\-.-__

€S. Alens betwcen distant

fays paralle] toe

roduces plane wavefronts. Whereas
hencc P

and

allel set of diffracted rays and focus the
- the par
".NQ Jects

ach other
Second lens col-

matapointcm

n C are moved (0 @

scree action
Source S and (© munhOf‘-’f d‘_ﬂi'
F1g.9.10 (a) F.esnel diffraction. (b) fon.

and screen C thetr org!
S
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tacle WW In addition, um
dum pattern as remarked earlier, ‘n..
Mnmmubﬂghtslnuthemﬁ“. -
#m In phase producing maximum intensity X
 interference. Single source (i.e. SM'“W“%
& ‘Mﬂm and occurs for all klndsofm?\,
’ QQ

M %a slit showing the effect of reducing the width
<<\>

t of parallel rays fall on the slit of width a. The
| the edges as shown In Fig.9.12, we divide the
. Mark of equldlstant points above and below
the slit such as ¢ - ¢’, d-d", e~ ¢, f - [,... etc. Sup-
differen o @-ﬂJ between the rays from the two edges
h (1) as shown in ﬁgm&n} |

_____ '.i_ 'ltl;..' s
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g n 9.12 We can obtain the directions of the maxima and
: tion patiem by dividing up the slit and consic

s from the corresponding pairs of
m... from the lower and upper hall’

mduces zero Intensity in this particular direction. If the m in-
! meascs so that the p.d. betweeéthe edges of the slit is S "ﬁ‘ Na
- in the lntislty occurs, .

L # e GO b e

m as shown In FngQ 12(b).The light from the upper edge and the
m;al parts lnte_‘ ere destructively. as seen earlier and produces
- zero i ht from the lowesl third part is transmitted un-

“. to each path difference, we get zero intensity. mamT
*‘ iﬁd zero intensity respectively. 3 :

---“a mﬂy.(using figure) we can wrlte s

N f‘-’.‘"on * f 1.1 -i- 1.* T a-t it v - .

§ e e Lt S

,"“"" el =, .tﬁl.tﬁh.tl“m'__; G g
':Lkd-.! :'.H.p ,‘_h_ “-

mutl,
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it

Fs_:nwww.ywrcwruum 5 Y FUTUMNERIC | UHD)

¥ s
0
v’ 453 s
A n - f{
ot
i
lﬂtenSity ! «
- = +1 ?
A
m= +2 Y FY- 9.4
| A sche
| g.14 WF
| twtf“:’o s
Sin @ | parall -
Fig 9.13 (a) Photograph of the diffraction pattern produced by a single slit | the gra ;
illuminated by monochromatic light. (b) intensity graph for this diffraction | can be used
pattern. . | definite dire
The central m=0 maximunyis. very bright sincesall.the wave: | lts are in
lets have nearly the same path length and are in phase. The dif- ;
fraction pattern produced by single slit and the intensity graph for The p:
this diffraction pattern when illuminated by a monochromatic light if differ by o
is shown in Fig.9.13. constructive
9.9 DIFFRACTION GRATING the path djf
tod
Suppose that instead of a single slit or two slits side by side, Sind sh
we have a very large number of. parallel slits, all with the saml: For {}
width and spaced equal distance apart such an arrangement call 1 zero ¢
called a diffraction grating. By using large number pf slits, the ::e e
tensity and the sharpness of lines can be increased. enabling el
wave length of the light to be accurately measured: d sin
t
A diffraction grating is a very useful device for aﬂfaﬂlﬂ‘i‘“gllgh | The 2

um‘
sources. A diffraction grating consists of a piece of glass With ? p

__/ \
310 '
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" Pg.9.14 A d(raction grating.

.

o0 A schematic diagram of plane di ? how

- Fig: 9.14 where b is the width of sl ?i is the separaum

tween two consecutive slits. (a_+ b):S' Is called grating element. ﬂ_
parallel beam of light from the monochromatIc source is falung on - '_ s
thc grating, which sends out wavcs from each slit. A convex )

N el

s are in phase an@;relnforce each other.

ys of light after diffraction through the gr
ve length when they arrive at p, they wlm
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?“
| \?‘.g\
A ns!der a set of parallel lattice pl @‘i;\dng i A .-‘

uch other shown in Fig. 9.15. C er a and b rays

n the two layers separated by@ stance d. The path differ-
ence between the two reflected rayQQs LB + BC (cee Figs;.xﬁ,. e
: 7\
T ~ It can be proved '

! ; 1 interfere constructively if the
ar integr%i@umple of the wave length.
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B ght make it possible to prod
4 Polarized light. o clarify this let us, first consider theul::ha
i

our of
transverse waves. Consider a stretched string along whic,
a

transverse wave §
. AVE 1S passing. The particles of the stri
Perpendicular to the length of block of oot

| the string. If a block of woog ¥

a slot In it is placed over the string, the vibrations ar ' 700 unP"ar
when the s] ¢ notaffecteq | 9 qgics

SOt s parallel to the direction of vibrations as shigwn n | ¥

fig.9.16 (b). However, when the slot is at right angle to ths tio?

direction, the vibrations do not pass. Pomrlla ef
hich 128 P>

, Itrese

fnto¢

9. ltabs

other

The plane

through a toun
placed paralle] t,

Wis also tran
Fig: 9.16 [(a)The transverse vibrations on a string are not affected {f the slot tystal (g rotat
is (a) parallel (o the direction of vibration. : ¢
() The vibrations do not pass through the slot (b) if it is held perpendicular tc tved efect
the dtrection of vibration. -
o

s\,’
sx )
A%éam of light from the normal source contains large num
ber of waves. The direction of whose vibrations Is completely differ

ent. This is shown in Fig: 9.17(a) The beam of light is said to be

sheet
polarized: if un polarized beam passes through a polaﬂhf:ﬁn g

known as polariod. Unpolarized can be represented as 017
pela.rlzed beams at right angle to each other as shown In Fig: &

Perfect2Areom
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a) unpolarized ordinary light. (b) plane polarized 1; ~ (\CVRAN

yendicular to paper. 5 .. 0 “ola
N

Polarization depends on a parallel arra ent of

whi has two effects on the light. & v

1. It resolves the direction of the Qg{ation of the light wm
in to only two directions m%ﬁ&ﬂy at right angles.

2. It absorbs one of these cog'rfponents and transmit the
other as in Fig: 9 l £

R@arf@@ S AL CO R

ough a tourmaline crystal When two tourmaline crystals are
ed parallel to ech other the light transmitted by the first crys- -

i{s also tran ed by the second crystal. When the secon

through 90 degrees, no light gets through. The

' is due to sclective absorp® n by tourmaline of aﬁ.

ﬁ v!brating in one particular plane, the second crystal is
ana.!y_scr and the first crystal is known as polarize

"":‘-‘thad of polarizing the llght discussed above Is.
selectlve absorptlon. However. Hsht:
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WS:HWWW.YDUIUDE.EUF”LCMWUL;HI BYFrUITURE
_IJ . ‘ n y’.r g .
B Polarizer :

- ~. el

Analyzer _ >\?“

Polarizer

Figure: 9.18 - 2

1. The determination of the concentration of optically z, what

tive substance such as sugar. phen©

1

2. In photography it is often desirable to enhance thee. | & e
fect-of sky and clouds. Sincelight from the blue sky is
partially polarizéd by,scatteringa suitable orientated po- | e

larizing disc infront of the camera lens will serve as a o) 1
sky filter. I
1
QUESTIONS . .
Distinguish between diffraction and interference. Can there Bl o
be diffraction without Interference, and interference without ?W
diffraction ? f;"‘
AV €\
2.  Deseribe and explain the interference effect produced by ﬂ’“‘u
films an observer sees red colour at certain position inan ;e 2
film would other observers also see the red colour at In 4

same position? s . 1.9y
| . W
3.  Consider YOUNG'S double slit experiment and explai®

bu-
- the following parameters have to do with the light distr
~ tion on the screen. l

= Iy
kEérf?ét %Bcr% between the slits. _ ™
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cus ‘ﬂge statement that a dlﬁracuon gra'
: called an imerference grating?

too l-arge or

- too small to form a diffracted b ok,
at do you mean by plane %ed light? How
nomena decide that light wagiés are transverse? |

y Maxwells discovery th\Q light was an electr
/e Is so important? N

-- A fﬁ@ia%um @ i ,.;
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| f:te the ng lar deviation of the third order
th order l.ma“ge.p.ossible? J _..;' " Image

Ans. (a)189° (b)lmpogegy..

gl_g;:;lof a wavelength 6x107 m falls normally on a diffragi’
_ 1g With 400 lines per mm. At what angle to the por on |

are the 1st, 2nd, and 3rd order spectra produced?.” .
Ans, 13.9‘&. 46.1°)

6. If a diffraction grating produced a 1st Q&r spectrum of
light of wavelength 6 x 10”7 m at an angle of 20° from the

¢ _
normal. What is its spacing and a;§o>c§lculate the number of

L N/
\

= lines per mm?

‘ (Ani;_ 1’@5@: Igamm £.7 x 102 lines / mm)
7. NewErergI £ AL Gl GO

surface of waveleinﬁﬁ 5.88x10°7 m. If the right passes
through the gapma_\t;S’OO to the vertical and the fifth dark ring
is of diameter \giﬁm What is the radius of the curvature of the

’ lens? \\j\ | 8
B < (Ans. 23.8m)
. ) | o
Jow far apart are the diffracting planes in a NaCl crystal for
ich X-rays of wavelength 1.54A° make a glancing angle of |
[5° — 54 in the 1st order? 8
 (Ans.2818)

am of X-rays is diffracted by rocksalt ;_. _
tal 15 2.81x10°
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mchapterlo
| Geometrical Optics '

.

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-
ence, we will deal with thin lenses in this chapter. Basieally lenses
fall into two categories, converging or convex lenses; and diverging
or concave lenses.

Fig: 10.1(a) Double convex lens (b) Plano- convex(c) concavo- convex

(d) Double:concave (e) convexo- concave (f) Plano- concave

A convex lens is thicker in the middle and thiner at the edgt;
es, converges light rays towards its optical axis, (the line througc .
its centre of curvature), so that a beam of parallel rays Con\;:vgex
at a point F (Fig: 10.2 ). For example In bright sun th:. a :per. "
lens may produce a spot of light intense enough o 1gnl:t l:he edg-
concave lens which 1s thiner in the middle and thicker
€s bends rays outward from its optical axis Flg. s

—

319
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“Ihe point F to which the«tays are brought to focus is called
cipal focus or the f c@point. and the distance between the



https://www.perfect24u.com/
https://www.perfect24u.com/

mcamnq[ﬂnraystn meqfatawextmu ?«.

e Fig. 10.4 (location of the rays in aég-‘of a J |
!agfam Three rays are drawn @l the tip oflhe

(i) The ray 1 leaving the ti é@f{m object parand u_ bt ok
is refracted by the lens so that it passes through th,
- cipal focus Fon thtmfher side of the lens.

Paelreﬁez@%@% WeYaToal |
=N from the l@s}parallel to the axis. | =

{tﬁ) ‘lgg;?passmg through the optlcal centre ei'

'._";\ 'r-‘ o unchanged in the direction.

i 5(1 ation of the image when an object is placed befc


https://www.perfect24u.com/
https://www.perfect24u.com/



https://www.perfect24u.com/
https://www.perfect24u.com/

‘As shown in ﬁl@ﬁgurc the right angled triangles OPX and
' (.lQe fore we can write
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g

{BINATION OF THIN LENSES

08! of the optical instruments two or more
ination. The location, size and nature ofthe
:jamnnlned by using the lens formula or ray ¢
case, we locate first the image formed by th .’ '
at image as the object for the second lens, the f image
by the second lens can be located. If th r?‘aremorethan
p lenses, this process is continued: the object for each lens is the
sage for the preceding lens Fig 10.10 .

acts as a real object for the Lens L, whlch mnr '
Natloe that I, is inverted with respect to I, and erect

=
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1s formed by it at a distangg‘ dgs

1 1

g, S </,(<’
£, 1s the focal length of le&@\?
'-"-""'q_ge now erves ecl for the second len

o :rl

..__--"ce of
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This close combination beha
th Is given by the above rel?buér.

edeh other are cquivalent to a single lens with a fo

- 7; By the powofmcmlnfl,___ sP=.

powers of lenses in contact are simply added to f
 of the combinatior.

...(H 111 UCLCLlo
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(s Sph
£ SPherical
. BN aberration 15 qye to the fact that S

through the lens).

_“.'__._

_.-._
—P— ' N
.

ht
——
--—..__,’_

Fig: 10.13 (Spherical aberration)

The fact that difiérent wavelefigths/of light refracted by lns
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

: % -— lh“magmmmted
QU esigng they a
g the
Ka, q
- - ~
. hf‘q P
Fig 10.14 chromatic aberration %"lh uﬂ;

; i
- extent by the combination of convex and concave lenses made
the different type of glass. -

Arfantd At nom s
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image is inverted and if p and q are both positive, Y/ and Y1

te signs. then the formula for magnification b "'-;]‘ S
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ce of the abjeet from
,:; cmsequenﬁyu will a
Is of a small object, we bﬂng u g '-{’_
e, thus increasing the visual angle anq ..,
on the retina of the eye. But we know
t see clearly an object if it is closer than _a |

(o)

iston:d f:¢525 G 4 canv st

imglng If closer-than : . udedﬁfethanmg

wex lens is known<as magnifying glass, or slmply amag trough the |
{herefore

agnifying power or angular magnification
ich is defined as the ratio of visual angle § {3 o
1@ e seen through a magnifying glass to the vis- -
d by the object when placed at the least distance § = & 3y
. when see through naked eye. '

" a small object OP which s placed at a distanceP i

th of a magnifying glass ‘L' such that its erectt |
ed image 1Q s produced wt the least distanceof | O
o in ﬂa 10.17(b). The magnlf}'iﬂEW
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BT < ——4=4d

/here o is the visual angle su ded by the object w:
2ast distance of distinct vis n. when seen th

e v ";-aand B is the visual anglésubtcnded by the inia@

fPer= 0 com

Q}.\glce o is small
dQ/
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ece 4cm high is located, 10 cm, from the conve

erte g@ AT O
o
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ACAAA

he mm::ationlsglvcnby
' 20
gase = 15 ° 2
- .q
.-.M'% P
ey =y = 3x4=8cm

The magnification is 2 In this case, with final size o
value of image size 0
cm. ThE positive & means that the tmage is ereet:

How far from a convex lens whose focal length'1s + 20 em

aust 2 specimen of a Red Admiral butterfly be placed if its image
105 s to be a real one, three times as large as the object?

Solution:- ‘

| Although we neither know the distance of object nor
'om"’glﬂg that of the image.we can relate p imd q from the magnification
and logz. formula.Since the real image 23 inverted,

L | i
i.e y =3y, the magxﬁﬂcatjon is given

-..-...y_‘ = ﬂ:-a
e L = g
B 2\
Henceld&\%- arq = +3p

Q
T!‘é‘w sign is necessary since the image is to be real and

“‘3@3 inverted. Now using the lens equation
Ve i '
"'!" + : = ..!'...
P 3 20

L
p

or
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e lens.

cﬁtc?4u com

_. w cm from t
@@g
L

red at a distance of 60 ¢m from a concave BT ¢

s
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K ._ A diverging lens of focal length f= -16 cm
e stamp. Where is the image of this stam?;
1 wmcatmn of the lens? Q/Q
| %

~ Solution:- \)Cb
Given f = -16cm &Q
= 8cm

I%erfe@?% com

O
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Juth m Im
ol' the objecl Just placed beyond its fo-
-d as a magnifying glass to see the
iae The final image seen by the eye |
virtual and very much magnified. Fig; 10,1
f rays through the microscope. @‘?"

to -ﬂé‘ﬁ\re'an expression for the m ng power of
der a small object OP place /at the distance p
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' m‘

9 o Iy
“” oFr " Ig

The magnifying power of objective L is given by

i Ig .0
M = oF -g- (** A OPX, and AIQX. a.rﬁ;g;nnaﬂ
‘The magnifying power of eye-piece is g,h@n,by

M1= -!-9: (-. AIQX2 and A1'QY Xgme similar)

:;‘:‘E’fé;f‘t“f’f" I24u.comy,

.AS the eye-piece acts'here as a magnifying glass, hence its
ing power can.z@gb‘be written as
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lcngth What Is the distance bel% ‘@'he

s the magnification if the object Is in s@ms-
1 from the objective? us
& e

| ((/((/
ective p = 10.5mm, f, -lOmm\\?}i}. ?
jes 1., plant
tive. L, of |
length f,. Fi
cal telescopt

Yerted anq

> - e ‘
A v ERIL".

I
-'.. (\_:,—- _r

£ ::‘._.1. “';.-" 1, |F.|_ - 1
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me obj¢ct looks larger when viewed thr <? _

Astronomical Telescope (;9((/((/

An astronomical telescope @ccded to see the heavenly ; ".' - :'

caJ telescope.

- In order «Qgérlve an expression for the magnifying p l’
astrow telescope consider a distant object whose real'
Inished image IQ is formed by the objective L, a
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e "j 10.25

vi Aual angles subtended by the object
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s 2 ¢ ptres. Thls lens is placed 60 cm from tlp ye piece. Vhen
mmope is adjusted for minimum e rain. Calcuhtc'ﬁri 1
alar magnification of the telescope | :

BN '-Somt_lon:- : g 1 ‘_ .

41. _Du tstep to dete ef ocal lengths ot bt b .,
w@EN

1
metres et =
i.m ] power (in dioptres) . 2 Sem

’ the focal lengths_fl + f2 equals the a**_ = _1_.._
s, therefore |

] -
= h
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e gt
g=tan @

0
" d IXl

I

=

COIES

SO0
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tan o (% the angle is small) : Q/Q/
32

=19
] '8

,ﬁffect%u com :

Again in right an@@AIQXz we have
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s : ﬁ‘. astronomlml puM ‘,
_rmke moon and stars, the(r “"‘h‘ﬁ»
trial objects are to be vieweq, tis Seen
,_;_nnal image. The erection can pe ,,
:_g_ a third lens between the objectiye and .
e. The arrangement Is shown SChematlcany &

on of erecting lens is clear from Fig. 10.2]. &Oh\? ﬂ

‘\
\2&3
_\,\

aent which s used to study the spectmn_'l of
e essential parts of this instrument are {a) col-
¢ and (c) turn table as shown in the Fig 10.22
v 2nd order
1st order
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; blelm!lt mm,
be is alteres byatmmbequﬂwmm.
s 50 that the collimator produces a parallel beam of yme
mator 1s fixed to the base of the instriiment while yyrn v.

aﬁd telucope can rotate about a common axis.
) Telescope
The telescope is simple astronomical telescope whi

for making measurements, or for examining the Sps .’ .

Justment for focussing the telescope is made wi .; 1 th
S, The telescope can be rotated about an axg

!e] - Turn Table

It Is a circular metallic plate which can rotated about an
axis. Its height is also adjustable and this can be levelled by means

~oflbrE:rM LMandN. , < ,
crar a!mgﬂneéts for fine' mbﬂoﬁ‘ OQ tele

tumn table. A vernier scale is provided to measure the angle wlth

~ great accuracy, l.e}ndegrccs and minutes.
NS

¢ 45 focussed for parallel rays or for infinity. For this it
l'on a distant object. _

ove. and measure the wave lengths of aemn m
m an mcandeacent solid, llquld or ﬂ’ o R
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EDUIUDE.COM/C/IVIDLATD Y FU | UREROT

Ty

. oty
e emits only @ few definite wave lengths, the ‘mages o yﬂ:‘ "‘ﬂ’ﬂ" 0
separated from one another and appear as a serjeg of by e o¥ p Yst‘ a9
BRI & spectrum is called a line spectrum. A thyrg o, S8 S cof” g
' nisston spectrum is called bandspectrum which shows by . i chw o
" stead of lines. These bands are found to emit of closely Space d i ° ‘gw
i, nms arranged in an orderly manner. The line spectrum of Mercyry ,cll“’ . t]lo uf
- ht is shown in Fig.10.23. A .
© lght : L
i [ [ ll’ ’
3 g o = e abnorm
< 3 - S Q crﬂvl Conl
g e of
I 40 Im36
gt
| | the ab° g
£.000 A® 5,000 A° 6,000 A° 7,000 A°® farslghlcd‘ﬂ
wn in
Fig: 10.23 Spectrum of mercury light Szgscd in [r
c
wn as
10.14 THE EYE i
| corrected W
The eye is yeryiimportant.optical system which has'much
common with the'camera. Eikethe 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 occurs in
the cornea, §~m\ée the liquid medium surrounding the lens has an
average in@;ﬁ of refraction close that of the lens. The iris is a mus-
cular ragm that controls the size of the pupil. It regulates the i
120.25
Lens Caliary muscile :&M 15
- Bjegy 1 &
: \\ Vitreous The Uoey
\ M‘,&g‘
\§ Blind J
Szt v g
Retina l 0
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cont; ! 18 | . :"'»-'n. : - m ‘_‘.. ,'*'.:; ¥ I. ‘_::
ructures called rods and cones. Optical tmage recetyan 1.
- e \l ‘l

i}

1 -
e

1P ir

- Although the eye Is one of the most remarkable creatign 1
nature, it often does not function perfectly. The eye may haye

eral abnormalities, which can some (mes be corrected b m
glasses, contact lenses, or surgery. When the relaxed eye produces
.' ‘an image of a distant objected behind the retina, F1g10.25(a)
' ﬁc abnormality is known as myopia and the
- farsighted. This condition Is corrected with
~ shown In Fig. 10.25 (b). When an lmagcdg;ﬁ distant object is fo-
.26 (

' a) the abnormality s

1
-
k4

cussed In front of the retina, as in Fig. 14
known as hyperopia or short sightedniess. This condition can be
corrected with a diverging lens as ln‘*l}‘lg} 10.26(a), (b).

(b)

: 10.26 ). (o) Amyopic eye near ‘
us Jorms tn frond of the retina. & ‘E;‘! P
"idition can be corrected with  conulition can be corrected wi ﬂ' |
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' '.'.f magnll'ying power of a (i) telescope e@\ ‘
 affected by Increasing the focal lengl.?(gf elr objec-

&

the difference between astro ical and terrestrial

nstr cz/oﬁggxd calculate the magnlfylﬂg P°-"’°"

"“'-;2' \3 !. spectrometer?Explaln its construction and
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'fl'*'

T'r“ !maoffoeallengthim.Whu!im:

 tweer hnmlfpamndmmteﬂngmm;_
‘Wimd!mupamudmys?

A parallel light beam s diverged by a co iggfm
length- 12.5 cm and then made parallel O!:&b’gm

mlemof!'oca!lcngthsocm.!-lowfax the two lenses
apart. §?~ (Ans. 37.5 em)

6. Two lenses are In contlact,a convcrgtg) one of [ocal length 30 em i

and a diverging one of focal leng!h =10 cm. What Is the focal
length and power of the combtnatlon?

(Ans. 15 cm, -6.7 dlopters)
r Y

lﬁ:f passes Q'xmugh a pogwe@@):m focal length
19 cm. which is 20.5 cm from a second converging lens of fo-
cal length 2 cm, Where {8 the Image of the moon produced by

the lens co\qdﬂnatlon?

WV Y
(Im?< .5 cm from the latlcns.Gcmfromthesewndm”
the distance at which an object should be placed in-

4mnt. of a convex lens of focal length 10 cm to obtain mmu
~ age of double its size?



https://www.perfect24u.com/
https://www.perfect24u.com/

| mrn focal length. If the ﬁnﬁge seen by Q)
rom the eye plece, what s angular magnif. \zﬁ"‘

. i3 produced
eyc plcce when the obje&)is 12 mm from

s, Fmdéa power and focal length of the

ol
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