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.3 fw YOATE AEG | hnd an OCARIGI B0 Jo l;]'.r':u_aFﬂl'l thie book f'rJ.'l'l.'|'|.'- ||_'. ] L "'l'r'._-l:-ln' |I unravels (HE14 g

of the subjeci through a dialogue between Teacher and Student. 1 thoroughly enjoved reading it. For me this

seommed Lo be one of the few books which teach a difficult subgect throagh (R FIES L and using programmed
opit for learming. After that book, Dr Harzh Chandea Verma's book on phyakes, CONCEPTS OF MY ]
n l|1l.'-1.|._|.'i|| it e ot diredtly i the l.|l:||l.'-_|,':|r.' form. | have thar '_|'|-'.' :L|.l|.1r-:'-|.'|'.tr.l.'-:| it It
r that Ur Verma has spent considerable ime in formulating the strocture of the ook, besmdies 1t conlenta.
: b hins beeen swocessful e this attempt. r Verma's book has been dividied into two parts because of the
it Uhug sudpect, each ane having il
1t book 18 o todally dafl - we, and | am =ure it will be extrem
pseful to the undergraduats The o e « cxtremely o refully formae
chapters, bestdis problems and 4y iz, 4 number of abjective gquestions ha
book can certainly be extremely wseful not c book, but nlse for preparntion of w
LN (1 HES
Thost whoe have followed Dr YVerm:
made o varous reseirch areas He waz an anding s : ] - Dhepu impur during
hig academic car An extremely methodical, ¢ PEROEL £ i ; devoted himsell 1o the task
of educating voung monds and LN ntilic temper amongst them. The present venture in the form of
these two volumes another attempt in that direction. | wm sure that young minds who ald like to lemrm
fes tR ah a » pranner will find these valumes extremely useful.

| must hearfily congratulate e Harish Chandra Versna for the magnificent job be has dome.
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CHAPTER 1

INTRODUCTION TO PHYSICS
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PHYSICS AND MATHEMATICS
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Physies and Mathesatics

we complete the parnllelogram. The dingonal th
'.|'||_' i {151 |:'I|1h vieE LR AL al 1|'||_' Lo

Thu=, in fgare, (248 .-'J; 4 .-"I.:l'lI .-'-IIj'
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d is .q“]Ii_H:--J-_' th e b wer .lr.|||‘: ||.I- ia . It
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EOE .|!|||.‘| l.l.'hll_'h (= 14] hl_- ..1ﬁ o the
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4 MULTIFLICATION OF A VECTOR BY A NUMBER
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thie vertor & = & I'rlll-. anmie a8 that -.I|-|J. If & i=s megativie,

the |!|||._1 i i 4 L Iy | |-| ;l.l.rl'l_'l:|:||_

28 HESULUTHNN OF VECTURS

slvws 0 vector |'|'.
(¥, The v
& 1 1] ST f 1 with thi
y A to thi

25 HUBTRACTION OF VECTORS alled the p

]
Lot ¢ (A on X-pxis. Similnrly O 1= the projection of (2A
on Y-mwoia, A |:.'|:!I|||.: to the mules of veotor addition

two parts,

of the part alor

ol he peATE :|.|-||||'_ oY
unak TN LE]

we gok

O =g eosce | and 0 =a cosld §
Ao Ll ..'. & COEET | 4 i vl |-
Exompie 5.3

awen, I, 15, ¥ be the angdes i

thie thres axes T e Livi |:|.'_ Wi g

el mal Fipare (2.7 shows the constroction of Lhi
ind the difference A = B R

: : where ¢, 7 and & are the unil vectors along X, ¥ and

sam of A and B. Both hove a magnitude

\Xed Pespectivaly [ |1|.||_'||:||_|.'|| I coace) o8 enlled
I
nnd
Ir - eral, thae (ST EHE ]

& ViLGT ..l. AHINE & dirertbon :||:|L||'.;: Fil! :||:;:'||' i with &t
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nre the it y rnd
wd 0 15 the angle & - : The
i LWa iEidl & e |:_|!|._ wilsE veclars

nE poEtlr = 0

Szl wil v The component of the force in the
difreciion W bsix
dovmmple A
F ool = (105 N} (@0

ar= 1w Know
ulnr coordinate BeraTie
Holwlion @ The angle lwitwesn the lorco F

dsaplacement « & 150 Thus, the work deai

D Froduct of Two
Coamponenls alang the ©

Consider two LOrS & NN ssented in erms

A ol iy " 1 Tk LW of the it ves = & I the coordinaie nxes

magnitude [(a, + + i | F The E T

respltmnl con ensl

L7 OT PRODUCT OR SCALAR PRODUCT
OF TWO VECTORS

= mutunlly or




wir e =i k= | j = I

Also, -i=1x1 cosd

L} L]
i | II'III iriy,

Lsang the

LA CROSS FRODUCT OE VECTOR FRODUCT
OF TWO VECTOHRS

The cross product or or product of two veclors
a amd b, dinoted by axb is itsell a vector, The
magnitude of this vector is

| a % b | =abh @and {250

- and &

AN !H_'ln._'-l_ln r_:l R

b are the marmitodes
2 the amalber
are drawn with both the H

are  formeed  bef ' them
r than 180

where a and
respecly

two, When
cornceding.

{figure 2110 One

tws  angles
thae angles 18 amalle

unlesas hoth are
a8 the

l|_'-||:|_J:I.| ta 1807,
. I X .'II-I = i} !.'=:|:||!;|r.|:|.'

and the other 8 greater than 150
o 180°, The angle @ used |
ller one. If boih th
alny B = gk TR = 0
il el sindedandl| a=<bl| =0, The cross product

of twa |':-..|:':|.|||-1 viectors 18 BoED
'

Thl_' -:]|1|_'|.,l||.-|'. ||f' J'rl'-. & 5
a and b, Thus, it is perpendicolar to the plane formed

by a and b To det

perpendicular o both

rmine the direction of arrow on
al rules nre in In order to

v derrribe _il:l.l-‘l [ le

stretchied I:'I;,:h‘:

L|:||1|1 |!+'|'|:-|:'|'||_5I.: wlar to the ]I!-;II'JI' al I'J. ;|I:||. |||. 11 :-|I_||_".'| -]

El'“ |1i|ll1|.||'I!" !H.' mar I i =R 1|1I!'- FUI"

eteoed with r'|-,:h-. handd |||I|:|.'

a8 il musi be or
MNote that this rule makes the cross prodoct
amutative. In fad
axh
The cross product follows the distributive law

A

It does mot follow the cintive loow

geibxeiomiagxh) =

(&

, there are two
3 ; 15 must be
perpendicular o the X plane. Hut
direction of Z-axis may be defined in two
» the PRI dirertion of Z-pxis in such

{innte BSOS enlled nor .'.l..'.l'll' R

By ElerE Fr| || 8 BVELEE
] x ‘.'.' i and ‘.'-- i = _r-

(M course

Exvample 2.5

5 unit, B hos a

The vechor A hos o mogniinde of

T T, 3T e o 6 unil aad M oroer prosduc? of A aed .I"l

hias & magnitvde of 16 unit. Find the angle befrern .-||.
amd B
Esrt mami ey 1: ard L: B the cross

e, will ha Ll

Bolfulien

AH mind

& x i mini

Uross Preoduet of Two Yeotors in ferms of
ihe Componenis aloag the Coormlineie Axes
Fp | % iy | *dl; k

L I¥]
i

:l||l1 L4 I'.lI I .d ||I____I .l i .IE-
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bz dn, 140 e i

¥ [l
Fero YVeclor

|.|| ki

.I'I- b Lt il L5
ard + BT The

bt (R B ik i8 the v

We cen write this

wiay. When x changes by Ax, v changes by Av 20 that

the rate of change seems (o be equal to =

1T A be the

poand Ly and B e the potnk {5 & Ar, ¥ & Av), the rate

edjils thie &l P Of thie lne AR Wi have

PRt af the g

drawing the point B closer to A and

WE PO an

EVETVIIm cnleulnia tunll, we shall see that as A

with redpect B0 X @k A, Thia rate i
Thus,
limi
L |

For small changes Ar we can approximately wnte

ot that i the
in % al & point, == &8 p

I

and Ax mre F s, IF the B
An INCTesss 1n X, 18 neEpakne

Then - and hence == is negntlive

Lvample I.&

From ih




. ¥
Thuas al x - Table 2.1 : for some conreen fuaef o
dr 4 il

The tangent to the carve st x = § is paralle] &
Y iy
Thuas 2= tani) = ot

aph of ¥ versos x, we can

| - - [ e i -
P Ty L m— L 1 ¢ the are cortain rules for fGnding  the
: iposile funclions
nmd hincng 118 &lope. Even af the

it brn

fFimad ' .|.||:| !H'.I.ll..l“_l. 1.1'!. us take nn ex '|:|.-||'

The area A of o square of lemgth Lo 1s A L
If we change L to L o+ AL, the area will chunge
Irom A o A + &4 (hgare 2150

With these
mll the function
Example 2.7

Al h "

L+ 2L AL + (AL)
A = MOAL & (ALY
A
AL

a made amaller and smaller, 28 + ALl will

2L+ AL

= enlled the differential

i ¥ wilh oS (ToR s
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ALt
to thi X

slope of the curve yx equals the rate of o

tangent to the curne is parnlicl

i the

rig and henoe 1t8 &lopes = tan @ = 0

Thus, at a maximum oF 8 minimam,

Just before the maximum the slope s poaltive, at
thie WAL B 2R ;|.|'||j BLTES ;||.'|-|lr Ihl_' T FTR A TS

it is negative. Thus, - decreases al 4 maximum :
d

hemnoe the rate of chanpe of I:u:; 8 megative al oa

EAXITNm i
(1 al & maximam.
!'i:l thie rate af |"|'|.II'||.:|' of tha
T

alape. It 18 wrillen as Thias, the condition &l a

OEXLmum 1=

TR NI

changes from
it such & poant

al a miniemuam  the
tave, The slope in

Sarndlarly,

winkive

o .
nnd henoe — ¥ IRECImALm 18

TN ATY LTS,

Quite aften it ia knewn from the physical situation
whether the quantily is a4 maximum or A mMiNIMARE.

TI':I' L&ER G =

Fird the tiree faben in

a functiom of timee. Thus, & will

0. We have,

Sefmiion - The height A

e muaximum when
i

ForF maxieme

211 INTEGRAL CALCULUS

Fepreseniin the relation
171 The point

P be a curve
f two quantitics x and v (fga
AR
167 5]
LA and B
area FASE. Let us denole the w

v mk x nhal y .|'.| Tl

Lot us d
h =mall

F":'-u:n thie

each of length Ax
]I_ul_[:l;l'; i |!r'.'||.-.' |1:'||-.
his consirucis the

in the figure. The sum

Ar hars is
Nal Ax + lI.!r.I + Ar) As 4 a4+ EAx] Ax s
Tz = (W = 1) Ax] Ax

Thiss my

r b written ns

1.-.'h|-|!_' I, I:..liil_-- tha v

a differs slightly firom the
duim af the amall triangh
¢ the important

the =mall

LAz |




o l|'.|l LA

iE LT
{2.8) becommies the 3

i PARG

I= lim ¥ fix)Ax
e

The limit i= taken as Ax tends

thin the lmits r = g to x = 4. Here a 12 called the

limit and b the upper limit of integrntion. The

integral i® the sum of a large number of torma of the
byt Lok Ax

apeziam. Let 1
the squation y = x
The points A and B on the X-
and £ = ., Wi have to find the §

FARGY

The length of ecach interval i3 Ax

ded bar @8 v =x =a, of the second bar
that of the third bar & y=x
The height of the Nth bar iz yex
11ax, The width of ea
arca ol all the bars

of the hrel &

a + A,
‘b har &8 ¥, A0 theai

K+ [m 4+ Ak Ax # (o + 2Ax) Ax =

 la # 00V — D JAx

||r b o+ AE] o+ {E e kT .

o by & LN |I'|.|;|| e

This sum con e wntllen ns
d
]r L L]

¥ 8 Ty AT
-

b -
whore Axm- nmd X =a, 8+ Ar = Ax,

An Ax - 0 it} tal a af the bars becomes the
arca of the shaded part PABGE

Thus, the required arca is

e
F= lim ¥ ox Ax

bracket in equation |

that this =eries be summed up usi

wn (29 thus becomes

'_": | + b+ (W = 1)Ax} Ax
MNAx

“

2o + INAT = Arx

rl
- [T + 8 =a L1

a &
- [+ & — Ax

Thus, the arca FPAHY 15

laems l L = a

la + & — Ax]

Thuas, from (1) and &)
[ X iy

thematics, have beon
: unctions
A very useful method s ne follows. Suppase we

wigh to Find

| fAx)dx= Fm E_rit_l Ax
.

L%

NMow book such thot the
derivativ Txh i #, — N

find l-IJ|:'|'| a function Mx |8 rhl._'l'l

J_I"i.Tlr.’.'.' Fiky - Fia) ;

Fib) = Fia) iz nlso written as | Fix)) ._
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Fixh 1 ealled the mdefinite 'Jrl11'|.:ral1i'.lrl or the
antiderivative of Az, We also write .

T|!||-. k I_|:'|l.|l;|:'1l. A ||:-1|'||_'| WAY of  wriki 2
o Fix

1 ol
For example, =
X

5]
. B,
Trlll.l-_ . E LT
I
™

212 SIGNIFICANT DIGITS
When a measurement = made, a numencal value
1 rend pen lly from some librated le. To
seasure the length of & hody
le im contmct with the w. Line end of the !'.
¢ be made to colneide with zore of the metre
and the rea Juest 3
Tahle 22 : Integration Formulor d from the . When an electri
sared with ar

Fix :. fir) alx J sl

within the
smallest subdivisi
mnstrument. In

{ the -|||'|]|-'|.'1
. other end m:
i = een 1044 em oand 105 of the
ST rules for integration are s follows {Fegure - . We con estimate the d mee bety
Ll [':'.r.l'l'll'JI\' = ) fix)dy where ¢ 8 & constant the 10
by Let [.r:.:-u'.r. Fix)
thien Ill_f ) dx = — Flex)

(] J-| fx) + g o

Evomple I.9 : 5
Wi mentally divade the 1 mm divigion in 10 egqual parts

1 part is the sdge fmll
& 1046 em. The |'.|I._|.:'J|:'-' 1
ceriain but 6 i8 doubtful, All these -:“',,l 18
called sigrniffcand digiis. We aay that the length =

ant deygits The rght

and the leftmaost
u'.-_;.'|r




There may be eonfuston if there are zeroees decimn]l point. The Bes significant digit 8 o
I'H_'J' Flll |.":._|I"|I.|:||'_ il :l|_|:1.|r'l|_|.|||_|! tix Lhae |".I1|-.- n below
00 mm mnd we know If the

4 r.|1|r|'| it to the ape rounded 18 more than
af the [

unded i i

i 18 the doabtful digs
Bt il the
I|'||_' |'||_|:|-.|1.|_-r'
prilicant, the 1z
used hod markin
= ), 0

her with

v the |

All
dropped from all the numbers and rounding is done Lo
this © The mdditi subtraction 18 now
gu-r.f.m b et thie mms

d =
magnitude may be correctly
[ ] of WL For !'h..|l|l|'||r.'_ il @i - e
0 mm w S—
Firad 0 are sFnhcanl we may ‘amie
G0 = 107 mm amd iF all the three digits are spnilfieant
Wi may wrile ot G = 10 mm
IF the m r part 1s ANy il
] it after th nl part is

o be rowanded. The digit
than & The third d should, 1

o bo o

¥ ppear i lelt of 1
2 13 SIGNIFICANT DIGITS IN CALCULATIONS . 10482 becomes 16000 on rounding to three

When twao ar IEiQreE nmbeers WmEE ks il H|.I|:|I:J':l|_'ll_'..‘|_ ] ¥
multiplied or divided, how to dec his . wexl b [ amees §4°7 on
i i in the mpswer - ] icand digite
i 14'F becai drgit 1o bhe

e digit next to it i

il i 146 = 10 bacaizse Lhe

ed is oven and the digil a et 48 5

hawve
The rul or decding the
number ol digita i an  arithmetic

are sgngroral
calculation are listed below

1.Imn @& Ir'||.||l;|;|!i|..:|r_1|:-|| or divizion of twoe or more Halutien : We have .
wntities, the number of sipnificant digits in the
quil to the number of signilicant digats in

which hns the minimuom noumber ol

Chidl of the th
nrud

124 : =
o will have two significant O33-TEIR... to three significani

paint. Thaw

o e ok
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Exampile F12 .
within x #

Al thas

Sl owm i Tr

ned nadded

The ¢
I a8 m

s im true

if the number of obse

L14 ERROHS 1IN MEASUREMENT
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ol Lhe results 1 may be doe o
||'||'--||-':-.-. of  the LA pHE TS EL

The first iwo o
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and somebims
number

» standard deviation
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g the intereal in wh
abd Iee. 1t can be sl 1 Lhat the

that the troe valoe les within

use tha

interval x 3

than 8




Canorpls of |

Worked Oud Examples

i ¢ (2-W2) i

af alomg ks X-axis A The sum off Dhe P ¢ ehioti@m 1A rg
i 6 wnit. Fendd fhe rern. Find Bhe o r ke pecdors OB amd O .
Roluitan ¢ Tako th s shown n i
& the
ng the X

A glwen by

K1

Ery

¥ soum. . f\gure The x-component of G = (Aol = 0,

The p-commponent of I'le H sl = (H.
The r-component of I'.l;'r' (O o 1 35

Hemoe, the r-omponent of the resuliant

e} 1 £
i

rere nnd hence iis

Bolution ; Take the axes as shown in the hgere 1A

The r=omponent of the 50 m vecto 50 m ooel]

Eihm

{iki)
sulimnd is zero, so is its voomporseni. Froen (i,

U e vector = 5 2 (R m A, or, (w0 = 5vZ m

yeromponent of I m veclor = From (1

mnd the neoment
Henoe, the anponent Lher resul 1 The magnifudes of

2 W aee

A6 m
made by the nes
& - L

Emnni

L % Fi o L
Fignare W31
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OAd = Of = (M = F

r-puimpaneal af A o F ooadl™ = £

r-component of (U = F costiy

- pangEl al (N Feaalls

Figuzrs
- T Pl
. Salurion 1 Thke the dolted lines a8 X, ¥ axes
w-component of O = 4 m. y-component of
T
r-component of the resultant = {4 <+ 6 ool m

that thi £ amt ia aleng Yoaxls, This

aiblapt = 0

al (A = F oa
7. Write the umi
el [T ol (A " ool
oD pnie it of F oosd Bolurics

yepomponent of 04 + OF - L

f | | A
= (1 q
v w " B Ifla+hl a—hl akoar Mo
+ OF — £ with the X-axis =
Soluhion : We have la+bl”

T

Similarly

Solution : A4 = O e -
. . b

A + (0 s al E -
s wheere 0 k& the angle between a and B

o -b=ab sab sab

S eBwdedndm2h
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Selmiion 1 The area can be divaded into strips by drawing velocity varies from o, bo o
B &k o AF A0 1 |imit | 1, L and on the right
Wil LIS
AbFp 1A 3 X
¥ aF
tha shadod par

abrip-nness with x Wi

Crruel Sl ey

Soluiion 1 T

Sed vl iowm :

Solmation 1 Wo have
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Canoepls of Ploniscs

Lt &, ainad &, be i

puaniitics having magnitade and

e

lelloweng [wo slalemenls B e

mumber Lo gl

+ Lt 40+ 4 I

becnise [wo Loroes ane A

ol piddd e

OHIECTIVE

borwnrds

3. The radiias
s WirakLi
14 om

. The reauliant ol A

B wath #,
A A<H

i

Bifr A Y

OEIJECTIVE 11
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o .'III i

A miluaiiom 1
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P 4,

e of o scalar
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rior

. Let CuA o B
ot 1 C 1 is alwnys greater tham | A |
bl I iz poas ClwlAl and
ICl<1 8

T 1 and .IIr |4

A vector A

A with the

angles made by A and
Thilzs |.:':l:|.‘||.!

LR

points vertically wpward and B posnta
A

ih. The vestor et A w B s

ginted as 212 em. lis
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| A
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am |A-8
r than | A
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I the wvector product ol two
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TXERCISES

B and |'I- mukes an angle At A AL A A A be a regalar hexagon. Wrsle Lhs
waluicbiod ol 1 @ wieelors - i bed by £

ltant | h | T 1

o &3 + coaliE R =

A v ke Fesicll
[ o t= e it o [ a

3. Add vectors A, B

jond & =8i+47 ta) Find the meagmitudes
[ ] |r. r .||. and (di e =&
Find {a) the magrnitude, (b x and
angle with the X :
sl ]'il]'-::

Fiad the

'
- A0 A, B, L afe Emuliuslly perpemtlicelar, sbow  Lhaal

EY CxiAxH)
Figure 2.EL

line path. £} is a fixed poini. Show th
indegndent of the poaitson M
The force on a charpged particle dae 1o

HiLIe

T = v should

ped pariicle bo

Give an

Diraw from Lthe

Ak xr = and 5. Find the &

Verifly thnat the curve drawn is Oy o the sleps of

B = o [ %
nd (b from 1 e to the hole tamgent ia tanf = - L
ft = 4 fk bed is & .

5 X - 8 g 10

# and at the y i 18 3T 50 TZ O I | F .

r carner of '_I"' mel « A curve i represenloed by ¥ = &nox I x ie changed (rem
ement o F E " "

AT}

3. The ebectric curment in a charging R-C circuil s given

find approximately the change in ¥

mnd O are
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and C' Gk T, fab Find th arrent af f = 03 = 3. Wnie the number of = b dhgds in dmd L0€01,

ikt Fi char i nf 1 3 B 1061, de) T0-10, s D010

¢t
¥ eabid]l &t overy millimetee Hiva
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9
wing numbers o ¥ significant dig
mnd 1d) 285

ol ; SRPURD W

e apd 1'TH
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CHAPTER 3

AND MOTION :

A1 REST AND BMUOFTTON

thie whole

ound o be changing s posil and s the

room, the table and the book are conlinsously
I The book s mt rest if it =

a1l it e wied [rom

ation without the viewer, Maoth
rizat or in absalute motion. The
respiect o the book nnd the bo
bt the moon, Toke ancthes |"|;:|.I'|I|!-||' A robilr on
a train moving al  gr speed with respect to the
pround, brangs oul s ted and aays ©
stand still". The passengers stand still. The
nre ot rest with respet 1 the robber bot o
with respect to the radl tr

) s qay o fix up the
15 o choose three mutuoal
rdinrtes, U

of the ;l.q;'l.:l_'h_' Lk BpeCily tha LT AT of the

KINEMATICS

particle with respect to that frnme. Add o clock into
thi frame of refe - the time, IT o1l the
th

moving  with respect to this
There i ne mile oF reatr

frume. We can choose 3 spioe according
o our convenience b0 deseribe the situstion under
siudy. Thus, when we are in a train i 18 convendient
o framee hed to our compartment. The
'-|'|! ] lhr |.|IIFH'T EH'J'I:]I. |i-||
|_hll Lralm v E
at rest in the train-

g in Lhe trian-frame
is coming” and “Pune h
In the followin
Wi @
L the m in the choaen
omelimiess { = of the fram
the context and we do ned mention it Thus

i DISTANCE AND DISPLACEMENT

."‘11'|I|'||'|-|."-|||' n ]l-ll‘l.:u"h.' iz ot A pt time ' and ot B w

bmse I, with respect oo Eiven framie Il-l;.‘-url_' el

Figure 1.2




s the particle m
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weed o Lhe
cement s Lhe

« and at the
ki I|||_ FOHETE
1 Ll o

displ

sealar gquaniity

Evampde T}

define Uhe fnahanban

{ im thie time intervil
in this time mterval is

dhinply amall and look for tha value

iember As iz the distance trovelled in the

0, the

LimeE 1Tk
distmnee As
a fimite limist
The instnntansous
I'u'l"

where & ia th
and Lhe

Sofuison |




it o Bhe

1n time interval § to§os
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A

i, The
I& th
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e i B O &
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* Inler
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AR = AP « O = OB

LR

inlberval 12

r




vielocity of o particle in the time interval

ke Wit

u, L, (3.4

Mote that |:-|1|:||' thei s [ the partiche at tieme
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Question

from Suryansh Shabhi

Decreasing slope isme bhi to hai

*Disclaimer: The content is provided by the Learner and is reproduced ‘As 15’ and Unacademy disclaims any and all liabilities with regards to the content




Question

Four balls slide down a cyclold curve

from defferent positions, Which sl

arrive bottom first

*Disclaimer: The content is provided by the Learner and is reproduced "As I5' and Unocademy disclaims any and all liabilities with regards to the content




Question

from Shivam Rai

A SITTIF-'IE.‘ harmonic ascillatar of angular I'rr';.:i|.|.li'_:[|:_'_',l 2 fad s L IS acted upon by an exdemal tee
F = sint N If the oscillator is al rest in ils equilibrium position at L = 0, its p *._I_,-:.,r,.r. al Lot .ﬂ,_,
proportional to (2818

. 1
{1) sint + 25{152! (Z) cost-—sin2t

s T a i - s |
(2 smi E':im.?! (4) sint+ —sin2A

*Disclaimer: The content is provided by the Learner and is reproduced ‘As 15’ and Unacademy disclaims any and all liabilities with regards to the content
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CHAPTER 4

THE FORCES

4.1 INTHODNUCTION

|-I & '.1.||:|_t '.1.'|
When you push or pull s
ofn it IF Wil |,||_|:-|h fl |r:H'1_|
reellt when wvou pall, exert @ foroe
v block 1 yo
- 1. when WL haold = lij.!h1 bl .
Yol eXert @ arnall
Can nonliving bodies exert o foree ¥ Yes, they con
If we stanc ukl &4 fewl that the wi
ing a foroe on us, When wend a heavy block
from o T, thie P hislds &l WK JiEst B8 & mAn
can hald it in air. When we d
bring the comb « + o small pieces of paper, the
mb. The comb has attracted the
pmb hne exeried fores on the
H l||"|'|'||_-||. Fil I.'Iar.H 15 |_‘|||_||_'H_'|‘| 1131 [
- if we want to k
it dovenward, W iy Uhiml
on the cork in the upward direction.
The 51 unit for mensuring the [
it i8 the fc hokd
near the carth’s sarface. An
mibion cnn be (ramed using
an to b studied in the next

mrate quantitativ

vion's lnws of m
|'|'|:||!-||':

Fis iz nn internciion befwesn tw
& exerted by an obpect A on another

ohijects. Force
t 8. For any
cerbed this

forces act om o parti
parnE the livws of ve
y qunted nk

il i all the
sris n force on
<y B alsa

k to haold 11 and the bl
tnble Lo press 6t dowrn. When n

i hl_l:-;H_lll-:h:'-liE |"|:| HI L LN I;|'.-|l Tl EXCTTE A

oree on the block to hold i nnd the block exeris o
= g the rope to make i | strotehod

Newion's Third Law of Motion

ff o body A exerfz o foroe f' ot another boody B,
then B exerds @ force - F on A, e oo forors acling

along the {ine jeining the bodies

wl — F connected by MNewton's
Lhird
b enl

Any ome may

The varous ftypes of forcea in nature can be
grouped in four categores :
() Electromagnetic,

idl Wenk

{a) Gravitational,
¢} Muclear nnal

LI GRAVITATIONAL FORCE

Any two bodics nttrect ench other by virtue of their
Thae 1
masses | F= G =

HER ST J |||' mILFACEYE EH_I':hr_'ilu Pt Pkt

] '|-'-'|'I|. e fn -il1l'i| il e |.]I1.' INAEELE

of the particles and F &8 the distance betwesn them. &

the second body and th
ally all the forces actin

suppose ench body iins just

three partscles, and let F; denate the foroe on the @ th
particle of the firgt body due to the §ih particle of the
scond body. To fnd the resultant for

body [ figure 4.1}, we have (0 add the ollowing B forces :

Fo Py Foo oo Foo Fia Fooo F T,




h the nleg
d. Hio
this Inleg
i special ¢
i w ute it by
w6 im & later ch pber
The gr
LT b

® th

M j
y kg reapectively. Assuming that the
rcally svmmetne, the |
fra 'l-:q.'|:l near 118 sir 1 tl:-' the pRyl
{ - The direction of thiz forer is townrds
K
mtre of the e

result, F

whizh is called the &

a particle, provided the bedy iz »

i T
|'|:||'|I|:|.'|r|_'|'| to the carth. The Uity {7 I_ = | consiant
-II

and has the dimenssons of acceleration. Ik 18 called the

1t from
Eigeh ]
1 m ..-. We shall find in the
if chapler that all bodies [nlling towwsrds earth
Iremaining all the time cose 1o the TR g [ ]
this particular valwe of scoelerati
1 due to groavity, Th

near the eartl

r_|| awmward |‘|:I"-|

mmn

in

10 kg
O 18

- ] i
amall bodies of ma
=l by 0'5 m. The gravitational

begr 2 10 " kg’

025 m

G7=10 " N-m

a7 M
a foree needed to hold abont & mic

rram. In many of
the situations wie i

t.li IFOX Rl s
to neglect rll the
L% 1_'|‘i .!I:i' ihie carth

44 ELECTROMAGNETIC (EM) FORCE

(wer and nheve the gravitntional force G =1 . the

clramagnetic
y nd gy are &t
hetiwern

&8 FRay
If two p
rest with res

it B o= HH R T e -y N —im : % a conEtant. The

» M
a8 Sl 10
i

or the aitra
ght near a recently
force:  betw

vl

than the

covlainE WFmEs ||l.|| |||||:'|E| Eilp =t

Crdinary matter is composed of electrons, profons

; trommgnetic
forces  hetween E i f clea  (electrans,
prodons, charged mes

art from th




S

1] EH_'!M-'.-.'_

ol Pt two i
at the twe surf:
1 constituen ms of the wa
grent  fon on  ewch r and m
of it, W
ar 3
heenke om o tmble, the to
Ihl' |:l.r:|!l; Eii b ||| it T]1il- &
| gt foro cling between th
malecules of the surlace of the ook and o

h athier,
ach other.

w# from the
LOMmE AT
tha: tahle

+ forces betwesn the iw
meman normal i

Lrenerall shjects in

pendicular)

ay from
I.I|:-I.l..|:'||.l |||_I.l-.|'||':-. I;|'.|' I:._||‘||l|'
downward (again away fram it)

epween the two bodies in
';|.|||'| L Ihl_' 1-r';..-.1_-

We

Wil A

armvount o parallel to the
i Frietionlbess surface. Thus, it is
allie  lamp-post,

cal force and &

risi wiich

'.1.-:|:'ﬂ r.|||||-:|l;|'| 15  EnTs

Friction]ess

The contmct |

anad the o
k to hald ot the
al i Lrese, b exerts a fnc
force B ix parallel to the
of thie tree) 1 Lhere, nnd ]
§ I.|_'-.||I.'|] [rar

s it

3 o hale

ibl Tension in a Biring or a Rope

In & fug of war, two persans hold the twa enda of

y ir 8 very
h a stretched rope s
sad
Similarly, if o hes
a sinng, the string
 mnd protons of the string ne c end
of the hlock

¢ lore which supporiz »k mnd
nis it from falling. A string or rope under tension
ic forces on @

iel Fores dus o a !"i||-l'l't'|ﬂ

When o metallic wire is codled it becomss n spring
Erapphl lhine distance between the ends of o

i Epring
ngth. The Apring s @lrele
mnd it can be compressed to de
hen a spring is stretched, it

dz mnd when ¢

lue bBodsen
. it pugh
an or the
; wrted by the
BPTIME & progp @ an ks length, Thus,
if the spring has a length » and its natoral length s
he magnitude of the foroe exerted by it will be

F=klx - x| =k|ax|

If the spring i= extended, the force will be directed
ards its cenirg and if com > directed
B
which iz the
nlled the =

This macroso

ith are neutrnl. Hence

mre all att
T!|||_..._
a lkg




wir the carth

wherens the elestro

= [rd ek
ich atoen of irem wall have a net positive charge
PR =00]=1'6= 10 " C on il in the pasumed world. The

tolal pomidive charge of

i =

The Coulomb ferce belween the two blocks s

({1 I

gy 0= 10" H-m T l=43=x 10" )"

i1 i

¥
i
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L

44 NUCLEAR FORCES
Each

arid maeulre

atom containg & certain number af pre
in ik2 nuoc The macl

M.
AL,
Mnent 18 a

The atomic
_-.r.1l ||-|I

Ea Hl...ll'

ironz. The p
tlomb  force
Sufniy
msgne ranki | Hemember, nealron 18 § arped
purticlel. Then, why does the Coulomt
break the nuocleas?” Canm b be the grav
attrwctive force which keeps the nocleus boumnd
the pr nnd the newtr will toke part in thia
I;'!lr'

neglipihle ns=

f. n third kind of force, alt o dfTerent
r prd  ak i

Tal- W10
profans oF |
; ses whare il
buil we shall not deal with them.)
y nttrmetive, bast me
'.ll:il\.l_'l thamn tl AT

= Hut

between the particles s more than say 10 m
li=r & TR Lo (= 10 J clear foree is
rer than the Coalomb force amd  basing

tive it holds the nuecleus siable

Az bare
ane
mwactivaly, [
resull from nuclenr foroe

¥INg pr
A neulron ;
mik mn

an antineulrne. A proton
and samultanecusly emit o
i , The forces

an als
o Lron

A6 SCOPE OF CLASSICAL PHYSICS

linEar iz
rikeptl on the

behaviour of all the bodies of
10 "'m are .||']|'|:||.I.'|r.|.'|:'.'

Thix
greater thn
bass of relad

enly bodies like the
. and is equally
[ anmed and the r
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towards right. The loroe

L ards rght

The resultant foree on the md is

1= T
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CHAPTER 5

NEWTON'S LAWS OF MOTION

s of motion are of central imports
A I::r;::- [F]E ='F |l|'l i |='||.|' il
ed [rom [N nws, The Ffrst
s Rhat
4 AV e
and it 1= slightly
mg at the
inberpre
%, [oree and
v tham, And these definiti
- ]::'h.l- Tl'll

NRAIET MARs L L
sigm the mag d direction to o force
o measure Lhe
frmmae ol rele
PREYHEES
w the hi
pone through, bul are
make them sample to apply.

G.1 FIRST LAW OF MOTION
flr' the ¢

moveEs  IEiih
IF thee sum of all the forees

F anel ils
nlso be wratt
“a =0 and ondy of
Thﬂ'-_ il ':l'u_' wn o ||‘||_- |‘-||!|'|'l_lh RCLIRE O & ]|.1r1_:|"||'
pern, wi can be sure that the particle

ng on the particle 18 péro.
er, the concept aof
i I'|Il|'.|.|'|l.|||._-|l.| n-:ll]:n' when m Tl

st dwon  ar

18 Afee |f|-|'|‘| .l"||:-|| 1|'||' .l||_'-|_'-|l|-|'r':|||-:||| of the

particle is,
different frs

onsEider the sitomti 1 im figam
L isT wm falls down after the cable b H
an and all the bodies fixed in the cabin are
tetl with respect (o the earth and the
i# mbout 98 m's” in the downward

dsrection

Figure 5

Actang

W ||_-. '||!||_l

o by

| the

of T b8 upward wivwiird

Measure the scceleration of the lamp from the

of the cabin. The lomp is ot rest,
the lamp is zero. The persen A
nnd
s of

sceleratwn «
sured thas e
: that tha

forcies ;|-:'1|||.|.! od tha |;-.-ur_1|_-||- 18 EfF. bE..

|5

Thus

In I-1-1'.I.||._ il

i
aration,
Lhe sam ol Lha

WaT [f.-l HERRLITER ._||_'|_'-|_l||l|:' bon a1t ;I|!-|:1I1'h Ihl' firs=t




Mewton s Laws of Molion

law he geia W = T If B measures a i and
| # the same first | b gets W o= .
thiem cnnnot he st simulianeonzly as Woand T con
bt '|lh|.'r equal or unequal. At least one of the twe
i d frome nnd ome

i
wion's first law 18 not v
i the sum of the for 1% Tk

veleration of the part

mmakon
A Ir.1|:||.1' of referenee |||. wiich

rame o s
"s first lnw, thus, reduwees to o definiti
“-h!. dn- By
ppose after gaing through this
r iable fxed Mg

wiith ||‘||' earth

The book is nt rest with o -iu ct to the earih, The
jos o 1||| 1|-.|-|h i ol Lo the earth &8

m ol the forees
The carth is m
r um i8 not too different from zern
that the earth 18 an inertial fras
[ § {141 T|'.|_Jh_
nffmirs, “g = 0 if and only f F = 07
frame of reference. This fact
ormatlated by Newton and {3 k
IF tred that all e FUIE
fram the earth fra indeed it beco
try to universalise this to different frame
u definitiomn. shull azsume that
o . Wi ARG winrki fraom

far Fou
ig true in the enrth

L .rl._-n::!i._-.i nmd

staled

uniless

o

an inertial frome ol

Example 51

Figure 8.3

Soluhten ¢ The (oroes g on the particle are

Bl sl & thi £ T wertically apaad
¥ X
st Lo the emrth (whaeh
pect Lo tl th (whack
A

The |.-.|.II.|I.'|I' i Al mest witl
N T ]
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iertial fra Hisnign, Lhin @iy

Theer i 4N arting
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Imertin]l Fromes other than Earth
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artic I
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Su 5 1z an mnértul frome and 5°
MO
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Al S o vith respect to &,

O 5 i i
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il and only if F =0 and

0 if and anly if F=0,

inertal frame. So (rom
;

henee, from (1),

"
ta r'.'u- flving with
Inre
prtisl frames. The =
cane kept on the sl a ship sailing smoothly
.|r|-:| uniformly on n B I8 BETO.

5.2 SECOND LAW OF MOTICN

cierafion of a partrele as

W .rl_-.' thie (e




In BY v i oFr, F=mpta (4]
The inertial frame 8 already defined by the
birst law of motion. A force M acting on a particle af
pration Fim in it with
c 18 o law ol nature
instant, the

tant. In

m l_lrl.'HjI.".'l_'-L Bl

WeE B it ; 11
5.2 o and F are messured at the
instant of trme

Rikme

53 WORKING WITH NEWTONS
FIEST AMIN SELUNNTN LAW

Mewion's law

which nre
The lnws ns
ct umder

e number of parti
b used even il o

08
and  directi A
equations from New

Step 1 @ Declde the System

ild have identical

L B doea nod alip over A, the dise [¥ alides over the

string mnd all parts of the string are tight

Fiperme 5

A and B move together. £ = n
or 2. But thes b E h of the s

[ does e e, the distance movied |:|_I.' [

af the cxnmples are
A+ B e 0L 00 + 6Ll O e GLIA + B s
The distianoe o o by K is o
# but their d

be taken as a

ve e unnble to apply
]I-l!‘ltl‘lr As

oe covered

e RiEmee

make n list of the

force apploed &y
¢ included in the list of the fore

Consder the sstuation shown in figure
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Ttll' lo |_.l f
boad upward the boy pres th
|'||'.- I;'Il.i_' 1:1|_|.' I_Jp'.'l...lll‘l_ |
attracta the earth upward,
thie boy att : th ard and the esarth
mitrocts the b nre many fi
BpErating in Which of these f s mhogld

b (

e II'-‘|.'|'|I=|I!' an ”Il.' ]I'| al foroes

—

ot Ky
the sy Which iz the body under consideration 7
b not try to dentdy PBorces before vou have decded
» we concentrnte on the stote of
&hwould Lthen concentrabte an Uhe
acting on the boy e e listed in th
r half of takle (5.1} ; § : s I

VH :l||'||_| I11h-|_'IJI-|:-| e |_':||.||E|1r1||_1r'|'. i E-u:l.l!_




lisi of the will dh et i e I thae fore

ir im the e i half aof table (5.1)

Takls &5,

oI L
BCURE IRONG | ndier Uhe al

Step E ; Make a Free Husly Diagram
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T cosll
Y T cosfl
I tosll = Ma
Compopent of My aloag the Y-azes M
sormpanent of nlong the Y.axis
compananl of 1 aloag the ¥-axes I el
+ T sin8 - Mg

Using MNewion's Inw 1 1 ol = Mg = 0 1

Tofal force .||l.-.'u: th nxis
l"l.'l.!l:u.: this in ] LA Eie3 R0

From eguation (11, T

My = Ma tan®

Gd NEWTONS THIRD LAW OF MOTION

Mewton's third lnw has nlren s introduced in

: body A ¢

equiel in ||-|.|.p
nects the

o app
slep 2 of apply

4 AN upward
» shoald he
atom, The
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by the e =L
E a8 will et LT 'll
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-il:nl'”_'.' ooETect
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I LW !H.l|;|| g

T den ol Le L I ly introduced in
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Figure i
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forces

hird law,
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g: art pulis dov
upper part pulls
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tenston in th
atring at the |
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snch other, The oom
the tension in the str
i the steing ot t
|-:| I:l',-r [ - |]||!||,,’
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At this

=21 ”’"h |:|:||:-|

Example 13
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Mewton s Laws of Molion

g ¥

Fipare 516

Ernng. &
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Tha free bady
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Figure 512
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56 THE HORSE AND THE CART
il

The h
srward. The
pulls the cart by
From the third law ation the cart polls
rae by an equal foroe F;= 8 m the backward
The sum «
Bl

lorwrard |

Tl:':.. | 14] - |4 ﬂl-r Tt
arding Lo our sc !
We ¢ & the horse
[T m or the cart nnd t

AR

The fo
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direct
Taks the o .
of the cort
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Led us now try to understand the m

ant when
¢ om the horse
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.I: :]I:'
rated
I tha

ard direction 7 (Imagpne Ll 1
rrated forward and th

i e
cart 8
the hors
nrd th
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Aerntion
that alf the for
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1@ no forward component.

YELEMm are
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hack previous  paragraph  the
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The total [ o the cart is

it |:-|' the [ e g =
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- - =5 .
that M. M. The
and that of the cnrt nre «

H .It l-ll' & L)

adjust  their valoes

erntion o

THLL LIS f o [}
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-|lr|'-|1 i) |'|:| -

1 Wi FOETLT

e Lo IH_' [ 1}

tem and all the forces acting o thie
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CHAPTER 6

FRICTION

1 FERICTION AS THE COMPONENT OF
CONTACT FORCE

nre  ept contact, clect
forces act between the charged partic
the surfaces of the boedies, A= o result, each |'H:-|‘|:|.' i
ifudes o
are
i i
third law. o i -
r AT R
o the surfsce e Trictbon | the sur

Mg = (04 Egid 10 @mfs =410 M

Fipere 4.1

WD M e

Friction can opernte betwee

betwern & solid and a Nuid or bet

" (E e HEl |.-|_'|:|-||' R l|l-|'
il the 'ill.:!H'r |:-;|'r:l|||l..| o it '.I'IIH'JI"-' 8 N Friet

i XLl |'._-.' flislds ia | i

d we shall study it in a later chapter. Here we
iy mbout the fmctional forcoes operating between a
[ solid surfaces

When two solid bodies slip over each other, the
of frctson 18 cilled kinetic fricfion. When two
each other, the foree of friction

f Hhe comfacl foroe

It is difficult to work out a relinbhbs th
frction starting (rom Us clromagnetic inler
Selwtion | Lei the contac ¥ Lhe [ sarficles at the surfece, However, a

b F ow ¥ I T ¥ b mamymarized i

(hgare 6.2 I 1 which we shall di




.2 KINETIC FRICTION

in eomtact, I the

depends on the matenals of the two bodwes 1n contact

I|-|'.|'|.|I:||-|'.lli'|II|||' & sl ol

I'l"l.l' o | 5 :. 2 | 1|.||'
Tl \ 2
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., the

Evample 5.2
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ihi Magnitlude of the Kinetic Friction
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&
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3 STATIC FRICTION foree stmnf ; 3 3 ¢ friction does

v conbset

{nce agnin we comphasise that g =% a5 the

frection in 2ue BrA 1R C i maximum possilde force of static mction thal can act

*, BUPE T [
imdrah on the fleor o take i1 be smaller than p, s value d
acting on the body, The EL FLATE,
anal Al Ll I'I.H.|I.III1.'I.‘| Lo Kedp
wly at redatin Thus,

Example 6.3
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mum, fnction |
E staris Thie e | 1o A 30 kg 0

wiy Alides Back, Lhe ] il bl pEE

fmax = |
 MAXEMUm P
the mormal forc stk
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Al 1 = &
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Finding the Direction of Siatic Friclion 2 The directson iom on @ body is
o to thie ve [ 3 b r with FeEpect Lo thie
hody applving the
30 IF the bodi

foree of [ric

he dirsction of
thix al forew
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where TR |
bodies and =Y is the
direction and ma
dition af

Tahs
g our attention on th o b ; : oot
rest with ¢ : g 3 mukbernils |
withness mnd other

4 Table 6.1 = The Friction Corfficienls
i As the T T
T i v reau]iand Muaterinl _ Mnterinl

Force om ob must be G & friction iz the
¥ horizontal force on the apper block it must e
rids right

Sl mre] baraas

MNoteee that it 18 the frction on the upper block

in them
L remove any ar o Is i the
. heat them to P whi

ii“._:-“"” aof almiic rr| !l'.l_':'l'l it wikh |_'.'|..'.'I

iz nx follows, For o moment © fer Phe sorine
bt firkc ilia In & 1oy L
start slipping ag er. Dne . i wr the other. The Friction on enl
the direction af frct i by with aned il . biecomes muach larger than one. I &
respect 1o the body applying the friction, ! L vl to o into the chamber
# nt thie sy . the

iich ser arnd o : i needed

G4 LAWS OF FRICTION
{DERSTANDING FRICTION

s e laws of friction befwesn twa
AT ATOMID LEVEL

(13 IF the hoddi ip over ench other, the . It has already been panted oul that foctaon
friction ks given by appears becmase of ion b the cl

particl . wear Lhie surfaoes ol contod.

Any m wpic ohy] steel plate or & wood

force and 1, 1= ] ¥ § '} nt - A palished

HilF r-:l.-l_'-'h
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||m'|| =r m pewerful microscope,
i i LEN} I-|' A q f
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Fapare 8. 10
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Figpere 41,11

6 A LABORATORY METHOD TO
MEASURE FRICTION C(

in} Horizontal Table Method

Figure |6 hows the appa

wen fromie kept on n tab

: ]l & fimed to one ond of the ||l||!! LY
: B oi= Kk |.l|. on the plank and is e Lo &
hanger H by a string which RHES D pailbiey.

The plank 15 kept in 8 horizontsl position. “The
friction cocfficient hetween the block B and the plank

A can Fsir r||:-|.;||||1'1t h:l.' =ng this Apparatias

'|'.'|'||.l1l.l‘ I||'|'I'|:'-|| B0 JLISE alide the
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normal fo o f.Iw |:||I!|'I.' the plank 1a -"|E|..|I [ET |
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eqquilibrium. Thus, the normal foroe = =% = W,

The cocllictent of static friction is

To obtain the
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fpueala the fore
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EE AR F.
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of kinetic friction is
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W
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Figare 6,13
amd the angle
The angle of the
rix to slide
I botween
The angle of
tand = &1
Let m be the mass of the block. Thi ea on Lhe
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Rolling Friction
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i} wpwandl (pormal ferenl by the tabie
Feor vertica]l equilibrium of this block,
b
Fnass wi

et [riction is limating

hileck

Liatng equations (el (iib and Gy

M, Y g

rEx B0 N = mg

iFd kg

Figure &-Wd

1 When the maximum [
» toprther toward

) s M, He
1 should be fowards right. The

W b {ovicards Lol |

ol the maximu
applied, the [

miting
V., where

ia the normal foroe
Ealinii s
Conaider Lhe

[ Bgure 5-WhHI,

motioe of m. The foroes an

Figure 5-WH

s hlesk

Canoepls of Ploniscs

L1 ]
Tha

by tho earth and

can b asid witkhout

woon Ehe

m are

ab mg downward by the earth (gravityl,
Bb =V opward by the Elock M (e
ol townrids rght ¥ iLh

directien, Lher
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CHAPTER 7

CIRCULAR MOTION

AR VARIAELES

[
S HE ticle M is moving m a circle of radius s
r ifgnare 7.1) Lt O be the centre of the circle. Lot O O : T4
b the orghn and % X-axie, The pos ; F : - L
particle P at a given instant may be described by the :;.:r;.".-n- e L ; of the particl
angle 0 between OF and OX We call 8 the ang
1 of the partic
. its angular g

A '.1.|'||'| Feageret 10 B,

4+ A8 The rate of ¢ angulne
x| liee] .'J.'l.l_lrJ.rl'.'l' [ o o[ 5L ||‘||' a||'||:1I|:ir' it N
Remember that o, = the rale of change of

:-]H1'|!| and i= not the rate of the chonge of '|.'-|'||H'I1_'| It
is, thercfore, not equnl to the net ncceleration.
Wi shall s y thet @ i3 the

Example 7.0

A part

The amgular ac

limear distanes PP travelbed !I:I.

T F ]




Conoeple of Plomscs

ansider n particle moving in o circl
nt * in the circle

the eentre of gl

¥ a= the F-mas, T
al thiE wastant aa ©

hraowe @ umil vecle along the ard

radive and 8 wnit veste 1 the 1 ol in
4

We call ¢ the radial anif

:

ane LT Draw PX°

)| o the X-axiz and FY " parallel 1o the Y-axis

the direction of inereasing 6
e it tha I'|rr.'l|._'-'I|I'I."|]' gl e
TR
Fram the fgure,

+

.r':'l. i PA cosll + -lr'.'|| Ank

X and ¥

1 pael + § minild,

e (TR

reEpeciy Similarly,

—5 i :
PR = — i PR ainl ¢ ; PR cosd

ar, " I gErrld o+ p poEl

T3 ACCELEHATION IN CIRCULAR MOTION

Conssder the situation n in figure (7.20 It 1=
clenr from the figure that the position vedor of the
particle at time £ is

F=0PF=0Pe,
cosl + § aind)
ngr I|l-||:|_:;|.||-|||| il 1.l.'||h respeet o Dime,

* il Lume [ a8

B .
¥ {4 oosl + p Al
- i I| of i 't |
s1mi + 7 Cis kL
eff | E o

Nk & § codkd ]

The terem r o 18 the speed of the particle at time ¢
(epuation TA4b and the vector in the sguare bracket 1=
1 the tangent. Thus, the velooity

nt to

the unit veclor &, o

of the !I.II"IIP.'II' mk @R F

the crcle and its magnitude is o
T!‘u' {75 & ]

1 . ¥
a =— - From (i),

wrntion of the poarticle af timae [ is

i -
& st o F o

ot

| =i giEH & j

¥ o'
| = Doal — = sapg

ol

B = ||'| ie
- B ALY ¥
£ et

= abong the radial
5 o nd ¢ is the
ak time . We have used

i fi i1
|7 i) -

1 1.-.'|Ih ] |_:||:|-.|r|:'|
wi. In this

If the particle move
cowe call it a w

0 and equation (7.8) gines

|.'. L1t -.r' |'_.
Thus, the .'1_|.'n-l|'r.|.l'.||:| of the

direction of -&. that 18 towards
miggmiiude of the woeleration s

the centre. The

T, ok F

Thus, if a particle moves in a circle of radius r with a
constani speed ¢, its accohbe i8 ¢ fr directed
| i & the
CEREFT N '] il

the “weloc
duirng 1




Circular hloties

= K TI'e

o e ailiod 18 & ird Livwnsds Lhe qenlee ol the

cirche

MNonuniform Uircular Motion

v gpesd of the particle moving in n

with the r

{ . 14K}

'1I_'|.l|;ll:-l1 tl.lﬁ.'-lt'l_ll-.
nponenl nlong the
i of mention) is defat, The

Figars 7.3

The direction of this resuliant ac
nn angle o with the radios (fipere 7.3

leraiton makes
whaEa

)

dv

Rane
ot

Sefnafion 1 Th

The rodial sccelerntion st ¢

180 m's

d of the
of the

ita magnitude i v r. Here ¢ i2 the spesd of the

and r is the radius of the The resultant

nrds the cenire ks mapmitude

.El_'-|1'|'|'r'|l1 icle iz towards the centre and

F mus=t sakisfy

(7.111

+ thiz n
cnlle

force of magnila 1

in uniform crreular n

=i
centre, 1

directed towards the
. Thus, a centrpetal
sl o kiep thee partiche

n, irction,
eic. Centrij m e kimd
TR T E wwnrd for
v kind aof

Lommipls 7.5

5 m's
rwards the cenlbre o

Thus

The anly Brod i this dims

the normal o fa
[rom N

to the
® [oree

aide walls

M# e

ma = (0° 100 kgl




78 CIRCULAK TURNIN
BANKING OF ROADS

IIII.I el 5 -I'I

LR FegRIar i

harzantal

(i} Frictiom f

I, the normol (oo

9 FrETE L
faree, IT 5, 8 the con i ol &t

(7.12]
at cireular turms il

1 the
1 s that the ooier part «

liftied Wp fa € I:||.l.|-.'|'|| to the inner POt § T

i
't ;
L

hout the turn.

L= 1alt]

red ¥ cosll = Mg

These POLIMLIGIEE gve

sem Lhe tyres and the road, the magnitade ol

FRACTAE . CATRD] ¢Xd i+l [T}

Mg, o that
L5 Mg
Thusx, for & safe turm

M

g Mg

For vertical |'-|'.I|::|:-|a||:|'|

ATy el
Rolution : [




Circular bl

78 CENTRIFUGAL FORCE

kg

minertinl frnme. I th
bt e inertinl frmme

P
referenoe 1
respiect Lo

Buppo

which i= 1

from
the box

'I‘I' E
(el friet

7.6k

[ the N «©
ol % b @ oons ¥ r velaoaty a0 wakh
wn imertinl frame *

d embin

et 1
respect o B
| -|:I.|!:| 2 thie
amee. In thas fram
[

nitude must be mor, The forces on the

i ||_-, thae [

The MNoor exerts m foroe of stafic friction

rda thie iR

maider the same box when ob

ltmnt foree on the box

bhe rero and the narmal

bialanee .||'|'| 1  IFCTand
L B @ [ i ili

COnATe LT k outwnrd )l mnd
This peeado force s colled the

A from the rotating frame

nl weight mg
b meormal {ore

Irsction

b A W
L h._||_| i .-:|,||:||-.
round [rame and

Ltk &

¢ have to assume Lhat a

outward on the particle. Unly




F =0 sani
w18 the radives of the earth

arm Lhe frume af ence of Lhe ecarth,

1 of n Lok
figure 1] froa
;:.r.rl'.n lis 88 I |'||I.I'.| | m nnd the foroes on
rtntional ntir he centre
of the earth, 1.2, werticall

waE g Lo
v rwird

ki |'|'.'|'!r||".|;.;:|| force mos F towards OF and

T along the string

A= thae |:.|H:|_'||' A BF 1'|;||:||||r'||!|'.| in the frame of carth L

the three forces on the particle should add up o 2ero

The resuliant of r and e p

w R sin 0 (2g

ction of this res
=il (AP where
R T

w1 T

PO+ PR

o 4t windd cosdl

1 r ten
direction of

the treie wrteeal

Thiz water
7
diflerent brom g

T.14) that g < g




Circular kot

force =V which 18 « i mg. The mading of the
machine responds Lo the foroe exeried on it and bhenoe
the weight recorded @8 the apparent weight mg’

Al equator, B = 90 and ataom (7. 14) g@ves

& w A

ar, " = g - ‘R :

miFE m's
kg
Al the eguaior, th e
f. Also, this rag” = img
resultant = Low hat at
the equator the plumb line stands along the troe
veertical

The radius of the carih i G800 km acd o pngalar

i MpEnteon (7. 14) gaves g° v
f that a = 0. Thus, tl iTE]
at the poles. This iz betause the

{ rotate and henoe the effect ol

(10 kg (a-2d = 10 (G400 k)

b= s

Waorked Onf Exa g fex

Puitimg the volues, s Y2 x 10 m's " = 45 m
1% ken'hir
s

Bolwtion : L&l tho of Lhe ear boe M, The foroms an Lhe

Er are

tal weight My dewmwand

it ¥ o =V by the rond ug

bl mormal B
ralbhn k§ & the centre
TN, whire ¢ iE Lhe :'|H'-|'I| Fug
acceleration = 0, Resdlving the &
karie al direciions and applying

mned

we are looking for the maximum sp for no
g, it B W cnse ol | 1g [riction and hence
.I..'lf_l.'
& have
tal direct
mo Chai

v win = M F




From i1 ar

Salwfion | The situstios

The forces

om the particle

o T nlong

ht mg vertically d

vhr




Seduifon | Consider woler as the syelem. At the top ol

wlion [owards Lhe oenime 8 ve

§ domrw

(b1 mormal foece by the bucket, also downward

Figure 7-Wd

Solulion :
By, TFGE Moiilan @ dpiond s
Ay s Mi
Foar winler nod Lo [all oul fromm the buckst
Hence, My fr= Mg or
The minamam g

If thee buckiel ¢

ar, Fe 15000 O-8& 5 | - '] < [0 M uprward




Seduifon ! Consider one of the blocks

revolution is I Ll .|!||..'u|.|.l 5

n townrds the centre is ¢

Bolubien @ Suppese the angolar speed of rofation of the
bowl ig @ The black also me with th rular speed
n the block
m) Uhid 6i

wigphi

ST T T ik
flene may b rem @ = 1 e
8 PC = 0P s

eration ig, therefore, o & sind. Resolving the forces

Solwbion 1 The alualson i showr (| T-WT

aleng PC and ag ng sewion s secomad law,
V' minlh = mes "R sind

W, ma i

As there b no wertical scoeloration
¥ ooaB = Big

Ehvwading (Bh by (1gh

& on the person are

A8 the centre ' ] L T wd om a
Lo the wall, apwaird

n & circle with e ST TE .'-||-|'|'||
IF lewrardds the of W

| directios | larw) and

Al I
Far the mbnameim apeed when the foor may be pee

friction i limiting ome and so eguals |, =Y. This

FaT

mig  jo=ing L)

| R
peYE oY

The lureis i part ACH sro

t ol Lhe i lelt ta A
ensdon 1 by the part of the fing righd 1a B,




» T-W10k The Y-axis
e ] updamar with the
o o] Lha
LR ' mcts ol As 1 i I thr §
oA
IIII

paralle]l to the Y-axis by

the parbicle cam ol
apdeleralion 1®@ along Lhe

xi® i the centrilugal

GQUESTIONS FOR SHORT ANSWER

1. You are driving a me ol on & herizontal rond. [t is J E yle withowt patting higher petrol

maveng with & usi 1 volosity, I8 11 possable to




& observed o

OETECTIVE

v locity cha

A particke of mass

i




Circular hloties

il g
igh g s

m
di g 13 ool leas Lhan

il el Lhis
ir. 1T cheie

DHEUCTIVE

h. The lollowing gaanialses
g the mofion

e poried s

] to F1st Dee,

speed from Ist Jam - 1]

laneoas atorleration of the earth points

el F = F
jeml e Ao the relalson
arvdl F,

emrth stops rotating

between F,

the npparent valee of g on

Y
ey bt

a unklorm

Lot T amd T, E

A BmEpe pos

froms Bl cetlir

sample
A 0l

COmiE A

v an [ypare

with ¢

-...;*.,5.

ol the particle i consta

n of the particle 8 oo

al The veloc
The &




b The mag o Eiom 18 cons

accelerniion i3 decreas 1TE

B IFET AN
erniion of the car s lowards the centre of

tude of the Pmctional force on the car 18

1 bebween Lhi @ro fand Ltk

i between the ground and the

m the tyre and the
il 1B TeEglLg
inl The car ¢ el make & turn without shidding.

EXERCLE

the radial

the tangential

kb IF Ehe car fua at o speed less than 40 km'hr, 18 will
elip do

¢h If the car tums at the s+ speed of 40 km'hr, ths

[oree by the road on the car is egaal ©

di IF the car terns ot the et spewed of 400 km'hr, the

losen b Lthe rasd

L
ns greater than -

i :1':‘.'I'II.I = I'I'I'rl! XN an II'|I'I|.I.'|| IFismneé

b This iz nod pos

Eb There are r forces on the par

¢l The reauliant of the sther foroes is - towards the
F

Comlre
db The res

s well Bs 1\

ik of the other forces warkes in mr

% atomn, the electron |
wiith B
i b B

of mailius

Find the speed of clectron  in

o1 x 107" kg

the stome can ha

A ceiling Fan has a m
pe ol the thres bl

on mn L.

voluliens per manwle The disbance

rd disc rotating on

turn Lable i@
It weaen

rocord

&= 1 m's

A gimple pensduls

Find tl v whrang

Lhe vertical af thas apple doed nob ch




Circular hloties

cnsure that the cyclisl can move w
Take g = 10 m

¢ B b
1 Lhe

2 and sind = 0 for amall &

B, /& luirn ¢ " ¥ L e % 4 Al wilh
wl a s

thee minss of each kid be 156 k
1.

] whare 1
. ¢ that Ehe rod mola at the rat
nor akids up . - Fin  aff Frietdc

A maok ; v i 0o . | § e thie kKida

d im part (al,
roaed 7 (€] Wh
n the bridge

e 18 . P the

[n= L

ruber is fix

radius i
the pratnk

28. What = the r
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B Find the tims tiken by the particle to reach

i

ORIECTIVE 1

i, (dl
14 (Al

N W

15 {d)

QEJECTIVE 11

EXERCIZES

3. (hi. idi
G (b, idi

Figure T-E4

ith horisonial surfese

3. A iable wath &

o0 LRy P
|:|.||||'_'.' (I nnmsed are held h_l. &
the =i gk wiward rodius and

d from rest (with r Lo Lhe
de of the imitial rati
n b cabin @nd the tensien
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CHAPTER 8

WORK AND ENERGY

Bl RINETIC ENERGY From the definition of kinetic energy

g THITTE T aaid o e mare af (1 o F
ng = o't i I

where F, iz Ihl._ resLl i i wrce, I the

resuliant force & makes an angie 0 with the velosty,

Feosi and

Bl WOEK AND WORK-ENERGY THEMREM

the kinelie ener@es of all 2 consthituent particles, L., The guantity .i-:_ |.".'. F gr cosfl is enlled the work
! 7 the small

j'l. E II o N -

wn Lhe partsc iy . .|‘: mcting

|5I'-|: Imca e

_|I F oosl) dr,

il Enerey

Let F.,F., F,,
a particle. The resullant foree 18 + Fy+ F , e
'.|'.|_' .u:lh. el oapeay ||:. I||| ||'-|-|I.'||.|_ !'|-||_|' an Phae P li= 8
We| F.dr
.f.: E ._,l.:
T I "l': ':'I".' I -"': "I'-.' I -f': -J'-'. k

When - o :
ke | F, :dr ia the wark done an the pariache vy




Work and Energy

ork done by all the If the partic
H along : thie waork

L TR FL = i 4
¢ rate of doing o s cilled the JuRET LT ol d B -.1r|l.| ||IIL o L ackaidl ;l.l.lh
ed. The wark _p' i T N Laken. In gravaty, the work 18 « rhit mgr Limes
: 1. If a particle starts from A and
o |:ﬂ|i|l‘| A mfter some time, the work
: 1 v during this round trip ro, as the
P d W . i hvipht dis Al (o winter other
o | - foreez Riay
The 81 unit of po i nnd is written
-||! [m-'l'.'l'l' (1]

3
81 CALCULATION OF WORK DONE and the otbar te & Block

horizontal table, let x = 0 denote the position of the
. when the Bprgg 15 a0 s natural length. We shall

; ] eabculnte  the L : hlock thi=

113 | F-dr apring-lonce lesck muowves from x = 0 o x =,

The work done by a force on o particle during a
wement hns been defined as

Conztant Farce

q ia  the
weerment of the particle during which the waork & The foroe « e block is & times the elongation of
ualited. 1T 8 b the .InL.IL Betwesn the constant Knoe e spring. B ihon ch k
F and the displacement r, the work is IV b Ll arce, W cannol take Fooutl o
W= Fr cosf [F, 4 thie i T it ] [’ . Wa have o write the work

Im |:-.|r|;i|-|,|:-':u'_ iff thie diz L et s :|.|||I'||.:' the ferce, ._ TR L2l l : ¥ BIOCH eSS
af ja the case with a fre anid 1-:_-pr_;|_-;||]:. r';..ll:ng et " skl amd
|.|||F'.I|.':|' Be 0 angd W

aFe GppadIlE if

The force of gr : '
St o, odr=—Fdx=— kx dx

el diresci
the earth 14 o B along  dunng this interval. The tofal work done as the block
some curve and that A8 ||1.||h:|.-= an angle # with the s displaced from x =0 o x=x, i8
{ i ¢ work done by the
g :.I.-I.' LEATEEITL 1:1.1|'| ,-h R H 1]
W= mg (AR) cosll = mgh
: i the 1I|'I].']I| fi a by article. If n If the
wReevdR |:'|hh1 . the work domne ||_'| thae foron T

8.5

Moode aplaced [ram 1, o amad
lh|- work doas

Figare 832




Thres pa
(8.4 In di) the

: 1 |:h|.'

i Lthe fallowing

ard
circular meotion.

Exvompde &1

- = {50 Bmi =

Conoeple of Plomscs

in figure

FpFng 18 i:‘| 1= I:.;I1I_Jl:l| '|._ I A

n el itl it s

N i AFIf X Ve TE |!-_'.' the

Il“l.'l‘i. 15 VATouUs sl = I'|:Il|'|'|I i
Lol

Table &l

ull  the Then
small fnterval amnd the

for BirThis.

HH BR Z0TOr LI

s [

ark

{1 cm)

application and the work will b= nega

work dome by the

ng=loree =

The following three cases socur quite Frequently :
i T':n;' foree is FHETRHE ndliculnr LEY tha l.'l-ln-:'ll:_l.' at all
the instanta. The work done by the foree 13 then Dera,
domne

The W 3
il o are

, where F
foree and di
them, Thi wm
end positions and
WOk

path. The
ty an the

EEAVILY
are i 12 Lhe vor
« with an
wark done
1 or o vis

of the

ment x fi
0 ia _I. Ex ¥ The wark Ty b + .
-:|r.'|,':|_':||.‘||:1"_' on whether the [oree and

are along the game or o

Bolulton

h. Ai the

i Lhh pariicle
ity @t tha h

T wiiirkl o b Lk

mgh

B4 WORK-ENERGY THEOREM FOR A
SYSTEM OF PARTICLESR

=o fa neidered the work done on @
single part
suls the change in ks

the kin

(=i
omih

(&




kinetee cnergy becomis

riicles ab tim

Kinelr cme .
L
K Wh
g 1o K

& eguil to the mn i
ey of B, The work by F,, + the work
52 1'|‘u.l.| to the increass in the total kinotic

:"-;-Ill ikt |r' "

n the m by @ axler an well g ] am | i,
imlermal forces - the idea of conservative amd nonconsery,

BES POTENTIAL ENERGY
Conssder U ¢

A and H taken in the pres

mnt

S h

initinl position the friction coefTicient
v the hlock table, Let us ulate the
 IFIE KTng I|'||' (10}

Figure 5.7

8 A mnd hao A i e formal feree Belv f Lhe table and the hlotk

T PAREE !‘1'|.-|'.||:-.r|_l. EHCEE ] 1 e Thie foree of Triction i= | g Whien




Conoeple of Ploass

the hlock moves townrds nght, fnction on it 18 towards
When the

ards ru.;h'l

left and the work by Mmction s |

da left, frs

gl
W0 L kR

on & rough ba

pulled aside and

cenire A and hns some vel ;

the eoentre, It gors to the other =ide of A and then
k. This time

imewhnt smnller

il paBRSPA Ih

4 U.!lu,'h thie kil H:'P.
left amnd then towards
aleam

towarids
right. In both the cages the
{tahle + block + Hpring has  the
+ spring has the
-1 ;H.-i!ﬂ on the tmble
] tin £k il T‘]Il.'
i

L inil

Y LREra 1|‘||_- |‘||.H_'|- 1RHIH I'4|||.|:|:'|| l||-.|I AT [paocE BTy
A, the kinetic energy of the svatem i@ emaller and in
tue course, the block stops « [
friction ns the culprit, becanse in abs

I.hl' _' =TFi i is |'|.'.I'||'1||. L

KA N Tl
|;||-|' i1} above]

rvative force can & fined as (ollows :

If the work done by a ,l'i-r-..l i
1 firel eho

only on the
1 mced ary (e |Iil|"J.'.r| r.'l.f:.'.'l_ [THT

i OOy

||_'| Ihrl friction is B BETG aR A Foiiged Erap

ITION OF POTENTIAL ENERGY AND
SRVATION OF MECHANICAL ENERGY

energy of &
internnl foree

W=-| F.dr

» by the intermal force on the
from  th imitial

8 perd. We have
Uy == W
o Ues Kpm O+ K

- (K= K}

R
] and the potential energy
called the We =ee fn

wition (8.6 that oh

A |..I|I.|l'-||.
I'is not co

il BoncGnE

the part

ni, dcl bk

il ;|:||H_'|||':|_l
e W ol
The

[T 2 i

forces

in the of monconssrvalive

wie are free (o
anywhere we like,

1 AY
the orgn im &
Iy AiiCGERATVALYE I B OeETaLE '|.-.'||||:||
rk on the
thi mech 3
|'h.'|l1'r:| = 5 & + em, the

wWork |

s W, = K=K

=rmis an the lelt denode the work
itive intornal ik
d Lha e

e Eel

W,




.
mative hat ox
|i I!|1_l:| r|||

¢ BE=K+ [ is the total med
If the inter

TEY
nal foroes arg ¢

an the aye

SRRETTE
mternal) fo im its ki

CNETEY

by it during a
The foree of 4
Bpring ofc. am conservative
durng a round Lhp
onservabive.  Fro
qtive foroe

If the wark

mn 1':-:.||||'|;|||'
L 14! l|!1_l [
iservitivie internal
s dnge h:..' th !

(5) If no external forces act

the

I | T [R5

internal

Work and Energy

H. The
*h d
i =

thi+ paris

Figure 5.5

nge ki the po inl enengy

L — L,
totnl meckhan
Kr+ 1y

As Lha

IN THE POTENTIAL ENERGY
I A HIGU-BOIYY -MOFTION

If the separation between the particles do not
change during n m, h of the
& rigid body, the intermal forces do no work.

senee of

Hi & IR I_hl-

; M
line AB tran
diry of the partis

£

ike
A ig equal 1ot

he displ

af the particle B in any ghort timp interval. The net
work done by Uhe internal forces F o and Fey 18

aild up To EEFO
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CHAPTER 9

CENTRE OF MASS, LINEAR
MOMENTUM, COLLISION
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CHAPTER 10

ROTATIONAL MECHANICS
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104 TORGUE OF A FORCE ARODUT
THE AXIS OF ROTATION
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the force FI, is along the ling joining the porticles so
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CHAPTER 11

GRAVITATION

1.1 HISTORICAL INTHRODLUCTION LEY . o ]
- - 2T ma
The motwon af oebestinl bodies swch ns the mod
T a ""'E']“'H . : fire ¢ Mewlon wis that what is
resl ot & lo : . ] Lh ¢ that produces this asccelerntwon. The
nnd mathematicinn, Aryabhet, = ; F eratian ia towards the centre af L
i great L 1 * Iy i s {hsi
and wrote his ¢ t act towards tl
eatablished that the 1 revalve L Xi®. u that i}
i ’ B 1 wis sitting under an apple tree
an apple fell down from the Urse on the earth. Thaa
.|||_' ||'!|'.| i the |'.'|:I;]| At 18 ||1 fHH_‘l'.l':-.
1 ng what is the
'I|1l' | LAY
im  preat ¢ : or  formulated his
ant findings in his three laws of planetary

A, The ST LT

I]-.Irll|.l-'|rr|.'|r.'u.I o e .'|.'|l.l-|'

.";I"ﬂll v hiad tn mak ¥ B N &
cas very frudiful for lsane Mewiton  which proved to be turning poinis in science and
il Lo toke r ot hiz home in  plilosophy. He declared that the lows of nalure are
I=Ihrlii|_l.:l.' Ll .. i ] Higdal [ '-|r'|r| |'-|l|1"1|1;|.| huﬂulh Ir|1|I
wn indefinite period o a pl In this ¥
performed brillinnt theore l|r.|] nnd expe !1It1|."rI.|..I| : i i mgEl b
: w ”I' oy JWE i# 5 may look
his attention on the m )
WOE @ e r-.|l I
v bodies
heavenly bodies are poverned by
5‘|.-||"|.t-|"|l|.|!' this hea '
uld not be amy
arp that when Tveho

]‘Il:-lhl' =A% & MW #JLAaF N thie I-.l-Z_\_ |'||_I |‘|:||. 31 |:-|'|||_'1.'|_'




-85 % 10° ks
G0 ke

vewbon guessed that the sccelerntion of a body
the earth i :lrlt'l."r-i-l.'l_t' |.;-r-'.l|.'r"'rl.1l:-:|-.|| tiv the
[ the distance of the body from the centre of
¢ enrth,
as i
Thus, o =—;
r
Alzo, the for
It I8 pT L

Hl.' 2 oY

proportional to the
between the carth o

M

F

M, rF {11.1n
ralised the law by saying that
all r al Bedlies in the
rach othe arding Lo egquation (11.1)

with same value of 7, The constant ¢ 15 called

Mewton further g
anly

andd 1t8 value i2
iion (11.1F

P TTE
Lo B
ns Lhee
1§ le from
i b egual ta the radivs of the
ans wi have umed thal earth ca
= ns a single parficle placed at its centre.
ourse ol ol ] an had spienit ral
wrove Lhk this can be done. A
SENEL e i be repleced by & point
L& i for the

the earth
parth. Thas

|'|:|||.;|| mARA placed &l

force. In the
lewla
There is

u= wae k

1o

that we

wion or other

Example FIT

Tiro particles of mosses 10 kg ard 270 kg are ploosd o
O

LT TR

Raluitan = The foree of gravitaiion exerted |.l:|- e particle

_:"-ﬂl

k

< (10 kg = (20 kg

{05 n)
L ] N

leration of 10 kg particle is

20 kg particle. The

2= 10  ms

This acceleration i ards the 10 kg particls

112 MEASUREMENT OF GRAVITATIONAL
CONSTANT €

The gravitational constant & 18 a small quaniily
l|i_l-|'|_‘|:-| i
arrangement. lirsd tmparLant
rement of ] F WAK i by
736 about 71 Yl

1k& THERAUTEEENE S

mathed, t
al the t eiide of a light rod to fore &
The rod is suspended vertically by a fine
 wire, Twn el mass are
o« near the smaller spheres in such a way that all
the four spheres are o horizonial circle. The cen
af the circle middle point of th
l!-|._|.:|L||' 11.21




Chrai Lol

FI
opposing torque produced by the suspension
wire is k. Faor idanal equilibrium,
Fil = k@
G Ml

r

i

Mmd
an experiment, the heavy balls meed closo
" ".|:|.‘|||r'r II;II::H HH P W N |hl_' ﬂ_b:l.”l' il.|1li '.I';I_'

Tweo largrer sphir
..||'|__|!|.|_|r' 'I:-.l|||-. L l. |;| ()
iz attsched 1o the vertical wire. A lght beam, ins
on the mirror, falls on & seale afior reflection. IF the
i angElhe @ the reflected be

crenl of the apo le and the AT b 3 ; B onnd i}
the morror and L pcale, the il positions |:|:..' A%, .

be caleulated, ¥ : are

the small balls, a torg om the

dumb-bell (o n « it. As Uh ’ ot mies, the
AR PN W Ewiatied 14 M 0 lorgue
I.h.gI |||.||r|h-| 1 'T'||.|.- TR ] A1

proportional to the The dumb-bell stays

b il 1 W e the twa [4s1aLTLE] have |'|_||,|._|i.

W
magniiu

Figt

As the heavy halls nre shifted (o the new position,

I:|'||_' dui '|h-|'u'|| rotates. P it w sill (ELL B b
an wiated from the m ition, it will now
il B on th . Thua, the

the distance b es of m heavy hball
nnd the small ball pl ¥ o it =

1|'||_l |3|-1"||_ ion of tha I'IIL|:I1I—|'H|i.I BA 1K i 2 LD
equilibrium = @

thie torsional constant of the AEAPENELON WIFG k

the lemgth of the rod = § and

the distance beitween the seale and the mirror =0

The foree neting on esch of the small brlls i=

Here we have used the
force due 1 uniborm sphe mi= ms thi
particle of e .':' mines p iced at the cen Pigure 1A
¥ .l"-:- 1|'||_l four halls AarE 4O I:|'.|_' A
[l [°0]
v araaller hali this B : : If the hinear displacement of the light spot is o, we
ifigure 11.4)

wtion perpendicular to the length of th

L

therefa




Conopls

Substituting i (i},

All the guantities on the rght hand side ane
cxperimentelly known and hence the v al F may
b embowlated,

1.3 GRAVITATIONAL POTENTIAL ENERGY

concepd of potentind ener ] tem was
fd in |::1I:||:11'!'-:'-. The I ml v o @
rvative oo

|_'|.|1|_r-|r|||1|!||'.g fa & @ SRR

In thi= case th
and the chiam

n for the
a twa-partic
A (hgure 11.5 of miss my is
from a point B poind ©. Indtially, the
seqy the particles is AR = r, and finally it |
We have to caleulate the change i
the twa pari

«nit when the distamee

assber o amodl displioce

The force on the second particle 18
. frmym,

F
rk done h:.' L

hetwern the 1;.-|r'l.|.|'I|-.-. ;'I'.m,_ §

[-‘l'l! |

Lfirgh -

ey

We choose the potential
AVALET (07 I i ERED '.'l"|r'|'| '||1|_I
0. By (1132
BEparul

infinity. This means that we choose [ff=)
thie energy L), the:
betwern the particles is r, is

pestentind whin

Liry= Ll

The

sysiem ix

aration and on the lecatien of the

partecles, equation (11.3) 152 general.

anly on the

Equation (1 ives the potentinl energy of a pair
of partickes. If there nre three particles A, 8 and O
there are three poars A, AC and BC, The potential
energy of the three-particle system is equal to the sum
the three puars. For an X
o VN = 1172 pairs and the
aleulated for pair and added

ial energy ol the svalem

of the podential energs

partiche system Uhere o
i 18l emorEy 18
10 e l|'||_I I|.-1.'|| 0k




Exampde §§.3 -— 115 CALCULATION OF GRAVITATIONAL
POTENTIAL

A _ A} Pelential due 1o a Poinl Mass
1l

1 When L A

ite the po

: A, Tha
1 are [ermeed. ©

r o e

w (01 hph w0001 kg
1 m From equs
| Mo
Tk 1" :

The work dene by the gravitatonal Foroes s

W = 140 10", IF the particles are brought by
termal agency  wiil changing the ki But

il &porey 18

1w 1) o s that,
(11.6)

M
hile keeping all other mi H sl & dimtanes F i — =
dencte the gro ional  potent r
n the mass m is al pont A and point B ;
(B Potentinl due to n Uniform Hing ot A Polnt on fis

sk a ' Axis
the “change in polential® V-

between the two points as Lot the mpes of the ring be M and its radips be o

We h to calculnte the gravitatwonal potentinl at a
feeily! P on the o of the TinE lﬁ[.[l! g 11.7k The centre
2 i at O and OF

I'he

{11.4p

We cmr
I |H.|i'1|| iz enlled & |'r'||-l'r-|'||l'|| [

poing, ¥, =0 and

Figt

any mereall par of I:]l-l' i ol mimss o

I the ] ; ght  without J3 F .
By ) The podr - Ak 2 AR £ = . fs
ang the kinetic energy, the work done by the The point F' is at o - o
nal agent equnls the char in potential T Thie patentinl at P due te dm s
witenitinl 6t a I e defined :

rl |'|'.'|r.'.' eE AR ,'-|' frEfead dn al’

L e L5l

it anfinaty sa Ch potential

Thl' s8I Lifak of graviian 'a;|| |,r:|r_r'|'|l:|:|| iw o 1;;,: !




The ..||- a of the

todal are

, Lhe B

ifag

ahell. L

L .-.|-||;|

2x o "minl gfl

of the shell is 4
W Lhe rumg ér
M

1
- f ErT LT L]
¥

wnce of ny g
From the truangle (2

a
¥ I
P =l el

0T, airi el
ar
s Thas, the mass of the rang 18

alr ||II ailh el Il”
- e
the distance of any point of the ning from i

il TIRE BB

imed by anlegrating

1 ahaws, when 0 =0, the distance
en Hoe o it Thus, as @

from r-a to

L}

T i
aF

Uase Il 1 P i=s imskile ilhe shell (r < a)
In this cnse when O« the distanos r=AF
Fand wheni O R iL iR & = a5 & F '|'|;._'||||' 11.51, Thus.
s [rom O b + dlask = ¢ vares [rom

TURLATL |i|_||' ta the




Cirasri Lot

Fipare 11.9

Fignire 11.10

Fuopure (11100 =} Erapiucally the vanatwn ol
potentinl with the distanoe from the centre of the shell

Evompde 103

noin figuee (10,100 Lot the
e T ." '.|:'||1 IlE FACRLE 43 W ||.l'|.i' | 1§]

celculate the gravitntionnl potential at a point P, Let

Lot us droow twe
itrie with the
1 thin &l
ame &l the given sphere ia 1 T o
uniform, the mass of the sholl s

|J-I'|I

[T | Poteniaal s an exdernal poimi
Suppose the point P is outs
11,100 The ]H.-ll':'l'li.l] at P due to the shell com

5 e
4V Lr ifn

r

Thus, the potentinl due to the whole sphere is
V= I- dV = - :—l [ VLl

{10,113

Case Il : Polendial sl an indernal poind

Let us divide the sphere in two paris by
vharical :-|I.|1'[||.-|'l' PRARLNE :.Ilrlll_'ll.l_l'a |r'
{0 INaEs

inner part

Figure 10,12

The potential at P due 6o this inner part 8 by
n (1011}
GM"

=
L

GMr




Conoeple of Phinisc

y gt the potentinl at P due to the oo
vidae 1 pairt kT

tween radii ¥ nnd x #
M "ol

a

r part of
drx dx

{7 dm _ A
' | Ty
4 Iv]

Thl' et

ial dug o the sator ATt 8

— Sl
ia
By
By dib and (ki b the total petential at P is
VeV, +V,
GMr 3ICGM @ i
LM i
] it
_GM ot (1L12

2n

At the centre of the sphere the potential i

16 GRAVITATIONAL FIELD

I|'|'|_I |'|' & Been AEYINE .|H I;:Ilr'lll.“:h F.|1;|I i I:-IH=:| A
CROTER & tation on anoller I.ll-' ¥
a dlis v ATy il
credles oerLann
arated by

that the |:-|H|._l,' A
arcund it The

AT
in the s
nnad
nentum, This fiele
[ |'|1- I;]I-l_' A e
ko poant
In the =econd step, 11 18
f is d im A Eravitatic aldl, thia febd exer
foree on . The direction and the intensity of the field
= defined i Lerm
|.'||.||.'|'|.‘| in it, We di

Jield

m pmced in the ficld. Quite often 1
ficld is :ll'|||l'|.'l.|:l.h'-|:| e

coording to fha ruabes
VECLOF § |‘|r.I!_' LD & B
and .I".:I in the field at the same point due to another
source S, the resultant feld when both the sources
are present is .i".:: + HI_.

If a mass m 18 pl

I Close to ||I|.' surface ol 1|I'.'

sl up g
on the mass

due L al guantaties

having

Evample FI4

A partic.

11.7 RELATHIN HETWE
FIELI ANII POTENTIAL

Suppose the gravitational Gield at a point r due {o

it whiEn kL is st

FemE
An the jl:il'l_ll"l' T sl Sroam .-.I;|| .I-- .-Fr'.‘ll'u_'

work done al force on it =

eniergy  dunng s
displne
W I.'.'l“.'- .:I'r.

Thi -:_'1'.;|I:|.!|:' F 4] |,r:||_|'|:|:|:|| =, 0y edueation (11.4)




Cirasri Lot

L L

oV E . dr (11140

Integrating between +, and r,

IIIII":I I|'|r'-| ] f‘:; r

If ry 35 tnken at the reference point, Yie)

potentinl Viry at any point r s, therefore,

Virl=-] E.dr (11.16)

whire r, denotes the referencs paoimnt.
If we work in Cartesian coordinates, we can
E=iE +1E +kE,

and dr = i dx + i ;J'_n.- o k2
s that

B dy+E dy+ £, ds
Equation (11.14) may be writi

dav E di=E

If ¥ and & remain constant, oy
ElY
dx
14 and E L4

Thus, f‘:
Himilarly, E,
The symbol — means partin] differentiation with
respect U0 x treating v and 2 to be constants. Similarly
for — and =

||'-||5|_| |_||_|||;| i® h;-l-'lla.r._ Ihl_- ;‘H|1|_1||F.|._-||. LipHL |1-|_l |||:1.;||||-|'-|E

g the feld according abioas (11.16])
by obst i ned

by integr

:|1i||:|_u Lo =quiARIGH

Exmmple 1.8

beyid

The dercr s e i ] P mise] diee I o reoes diefribudion s

Find the groitationo Geld

Sofufren |

IF the gravitakional Oaeld i K.
av
i

: ..'1..:

E

ik
0 &ned &, — 1]

nal Dild 18 e b Uhe p-dimeciion

118 CALCULATION OF GRAVITATIONAL FIELD

1A} Field due to & Point Mass

Figur 18,13
Suppose s particle of mass A 8 p i at @ paint )
(Figare 10,030 nnd & i
&t a point P Let P
E at the site of mass m and this
=k
on the FIuis® i |i:||1 thae |r|:||_'|' F on r_'I-.:_- mass modise 14
the mass M is
F fr'.“.i'.ll
=3
acting along M0 . Thas, the gravitational field at P is
Ok
E= 22 . {1L.18)
along PO If € is taken as the ori
tis Fe (3P, Equation (11,18) may be
farm A=

L

. the position
viector of mns

FEWFiLLEn 3N Ve

. E11.18)

whiere e, §H thie EIRAE

B} Field dae o a Uniform Circular Hing at a Paint
on ils Axis

Figure (11.14) shows




Conoeple of Ploniscs

n diztnnee r fmam the centre, We hove to obimin the
K 10 Ihl_' li|'||.!' H_l. H) TR LY
+ bowards the centre that iz along

Figare 11.14

Conskder any particle of o im on the nng, say
at poant A Th
A II'I T
dm is along PA and its mognitede is
dE i alm
The component aleng PO @&

I
e
l:|}'.- Do =~ L i P

The net gravitationn] feld ot F* dee to the ning is

» r alim

Ew)

7 copl | M cosn
- J' dm

GMr

8 R )]
Thl_' 1-':|".'|i 1= |1ir'l'-|'| |_'|:| LTS T 1|'||' oL |_||"1|'||_- Fimg

1Ch Figld due to n Uniform Dise ot o Point on (i Axis

Lart the
Let @ b

Thl_' Aitaalizon 1= I-.|'||:-'|.-.'r'| 1T I-li,_-|_ i (11 ]:'=||
maas of th = be M
the centre of the di
w r fromm the centre

bt a

Fipare 11.15

Led us draw o cirele of radiuz © with the centre at

). We draw another concentric circle of rmdius
x +dx. The part of th 1 these two
iy { radizs x

axis 4l a distan r from the

& Ll d ] ¥l Thi area |||"||-|;.._ FAE 13 bR ifx Thl.' ATMEH of r_]ll_l

whole disc 18 ma ", As the disc is oniform, the mass of
this rng 1=
- 72k x cx
N £
M iy
a z
The gravitatione] field ot P dus to the Ting i1, ||_'.

edpation 11,200,

eI T Iy |
I | 2M x dx g
i [}
dE
ir +x1 )
HIMF T ilx
4} 2 IF +X -I
As x varbes from 0 fo g, the FIEEE COVEr up thie
wh dise. The ffeld due o each of these rings = in
the same direction A0 Thus, the net feld due o the

1
MM
'r ] "

M i' _

1]
let r  #x " mz"

Then 2v dy = 22 dr and

M
From {1}, & L L |
éa |
|
M | (1L.21)
| I

Equation (11.21) may be expressed in terms of the

angle 8 aultended by wilive of the disc at P as,

E L i
i

sk
) Field dwe to o Uniform Thin Spherical Shell

wviform thin
are 18 reproduced here (fguare
wmving samée meanngs. The
L BE L
— REmH i, The feld ot P

o

the gr
apherical
11.16) with sy

shaded ring hns mass dm

due to this ring is

dE

Lraden FM =ind ol cosde
= =




At 0 poEnk o

KT

colewlated :

Zar coslh

e mndl el

2 af all the ahell

¢ rriikang

a to r+a. The ficld

Case Il ¢ Field sl as intermal podm
s [ P ks inslde ihe shell [Faa)

I - ww from a = r s i+ (fipume

11.%95 The |'|-|-.|:| :|.I: P due to the whals shell is

GM |

Heace the field insile a nn

TN

(E} Gravitational Field due o a Unkform Solid :'i|h|l|.':'r
" the solid sphere
Case | : Field al an exlernal paint wre 11,181 In & ¥ R B
Lt th i '-|'l|':|'||' M ar g e o thin ] &k - d mt (2
a. We e thi feld due (o o LRl Erapss v & alell i dei I the radius




The two formulse agree al r=
74 4 .|I.i|,.-|||:|.' the wariatio
a solid sphere with the

. Figure (11.19) ahewe

Euwmigle FI.T
Find

ained by summing Lk
Il I:hl_'-rr 1-|.|_'||i-1 &R @l

4 I;]Ii_' EEHIEY ﬂ.ri_'l_ B, t]l:_'
Il (L]

be @

|. LL- Hl.r“ 2 .- am ik
i F | A
Unly the mnsees of the shells with radii bess thon
r should be pdded to :|.!|'1 II.'-.lll' Thiess wlls form &

Lar’. The volume of the whole sphere is 2za’. As 162N kg

wolidd :"F'h"l" al t';lll.l'.ll-. F Tl'll' valume of this :1F'||'||'||_' 1]

i, U maaes of the aphere of ibout ene sixth of the grovitational fel

thet fmrth ai 1is surinen
11.9 VAHIATION IN THE VALUE OF g
Thus

G Mr
wnd by (i) -

' I i= mffected ||_'.
+ a § B i il |_l;u_l:|.;|.- ofi these T
Leld -
it {al Height fmam the Surface af the Earth
The gropi i
TR Lty surface i earth, the force of gr
it e - T i, [, to the carth =
0 nnd the Geld

. F=
symmetry beca particle ot the centre 18 equally

pulled fr nd the resultant must be ze

At the surfmce of the sphere, r

. 3 el
E {74 Thus, 3

I
m iR+ kY
« that the value o
an wrile,

1) _|"I fef ofue b &

latian on it due

LeMm
By

where M i8 the mass of the earth and R &8 its radius.
a mnd

COTRAREE AN ONe EO0E Up
M |
. &Y hY
X 1' ‘& |".rr
in the value of g ot the surface af the
earth. If h << R,

&

HT
whisre g, o

The formule (11, for the feld st an external =g N .'J'I_'r' |
I,Hli.|'||; also mives E e at the surfsce of the hrlhl'l'l_' 1 ;




carth 1=, '1|". :~:|'|u|1i-.|n 11.245,

The value of B fee of the
earth amd decre

s with depth =i

ar in height ms well
wr i Bipwre (10, 190

Exampis |18

= G400 km

aFli e8 SrED m s

L T

ind The wildise of ¢ &L o hetght & 18 dfoe b << K

2w el e |

't m =
GAAH) e

FTRme
bt The value at n dopth & =

Nl km
41000 bormy

[HH ma l| 1

FThme

ihi Rodation of the Earth

Ax the sarth rolates about ks own axis the (rmes
2 noninertinl. [T w
2. wie have i

& Lo be added whisre 1
the angulnr welocity of the
girele in which the

a centrifugal fo
mazs of the
carth nnd r
particle rotates

location af the particle 12 8
here M o1s the g ol Lhe
«ot Enlling nenr the carth’s
i the ocarth frame, is F
zum of the gravit:

f." -|.- I-.':lr.- L

¢ and the centrifugal fo

=" 18 the apparent
i ED ETAVILY

ndl the centrifugnl foree is
it to the foree of Erawvaly The resulinnt of

thieae Lo 18

O,

At the poles, B=( the

min Hainf=0 Thas, F=mg and g'=g
pheerved wvaloe of tl
minimum at the equs

hmd been

centmfegal  force

Thus, the
1zmed in the |.']1.'|]|I:l'r L1141

e} Monsphericity of the Earth

ana 181
shape of the sarth
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1010 PLANETE AND SATELLITES

Plansts
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gravitntionnl attraction of the sun. The path of these
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v will continue to go ap till iis kinetic enengy

becomaes pero and will retam from there.
ooty of the particke be u. The

Lot the mitind ve
kiisetie ey ol i ;l:l-r1|-'.'|l.' 5 K > and the

energy of the irth—particle

where M s the mass of the
1 K 18 the radirus

h above the

The kinetic energy

afl the particl
arth. When it resch i
its speeed |

CImEs [

and the Eravatational

H_'l' LORBErYALION il-'- BTN

r (PMm 1
5 M = =

T Min
H+h
F M ] 7 M

= mu : =
2 i R+h

113
Thl' |'|:|I'|||.'i:|' will R i '||'||_' 3R ETVIAETY |‘||_'||,:|'||: W hl._'l'l
v becomes zero

partache
" '|.'.'|.||
from the earth

I FELEFT LD I;||.1_' l_'.'|r1|'| if

L il < 0

O, [T (]

vhat less than the
get attracte
nd land up there
ql
For example, 1f something is the up from the
surface of the moeon, it will never refurn to the moon

: |
if the ianteal sy 18 greater than Y v wilbere M
i@ the mass of the moon and R ia the radius of the

thie :-jH'-I'-IE of |i;|.!|'|'| This enemmns, .ll"l:i't!"ll‘li. aki
the abject with a speed le

Example [I.10

24 km &

1104 GHRAVITATIONAL BINDING ENERGY
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CHAPTER 12

SIMPLE HARMONIC MOTION

12,1 SIMPLE HARMONIC MOTIHON
When a body repeais (s motion after regular time
intervals w i it BB KA ¢ an - ar
The time interval after

tod. I a body

to perform

[ |||_h I_hl_I

ation  in

n o stronight line, the s
|||||.;|:|.'l1 di -

lime and &2 magnite i# proportional to the

disploccement of the particle from this pent. This fixed

rnfre of lafior, Taking this

|:|||i|l1 af the

kv, - i
:|.||.'|':l:|.:-'. dires i_'l'! townrds the

n from nn ineriial
frame
a=Fim

The l!'||'|-|t'||l'|;._' cquntson (BE )] may thus be written

(12.2) as ihe definit
arpht line executes
nple harmonic m ultmnt foroe scting
it 8 directed towards o fxed t on the i

i= proportional o the displacement of the partide
nt & =me in called the
{. The resuliant force
n it iz &t the tre of
|";|‘|||||'| EE, I;|'.|_' . the

TR [FF
partscle

this fixed point.

|r:-|'||]||.||||:| T|'.|

v, Equation (12.2) represents n restc
limenr I"|;|:-.|r|- (P2 1) shows the
& L] ;;:‘;L|J|1u;.|!|_-.

Figure §2.1

Exwmple 121

12.2 QUALITATIVE MATURE OF
SIMPLE HARMONIC MOTICN
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sider m small b

the spring com

Figure




Conorpts of Phoescs

The block i= nt & pe
ral length
g the spring by the dist

ATeE 88 |l'|l.'|l'-'l'l|. froen there

Al any pent on 118 p

partiche i= egual Lo the extension apring from ils
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and henos by definition the molian

mple harmonic.

natural lengih. The resultant o

piven by F = -
of Lthe block s

townrds the ¢
|.5||L"a.'1i“||. Ttl".' I“‘ i
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speed incre upta & and then
wen it reach . Thus the partic

ey P oamd . As OFP=ON), it ¢

an both sides of 1

|1|.:|'|I:

ol the parkcle whes it is &t

thi eenire of osetllation & B o

p peotidibhal o T ]

wal X i

kimelic energy is pero. The pofembial energy
]

kA, AR there 18 o loss of opergy

A

123 EQUATION OF MOTION OF
A BEIMPFLE HARMONIC MOTION

article

is the

ment of ihe par ] arigin

article then exeowt matinn

'|.-.|Ih |h|_' OEfETE -|||' |:|.r.1||-1'| A1 I;]|-|_' GF g We h|'|:.-|||
calculate the di
function af time

prent x and the velocity ¢ as a

Suppase the positian of the particls at f = 018 x,
and its velocity is g, Thus,
il f=0,¥x=x; and v=u

The acceleration of the particle at any mnstant &=

wh Ul i

Thus,

Or, IF—
dx

[, [ ] o Xl

Thie ".'l-lm.'EI::I.' ol thie ||.'|I'.i|.'||' is £, whion the rl.ll"“-.'.ll'




w Hasmonic hlelios
ibl Time Period

ar time inler
1 x and fta
Fid Thiise Ih_

mplete o tion & called the dime p
in figore (1240 6 to P and then bac
\ ipbete oacillotion, A to P to §f o K @ a0 comp
£yl wcilla o f 2 o O & . 1] illat
Wiriting i.‘-r b = A 2 4h Both the et LT and the
| 4 | | direction) repeat

the above equation becomes eecillation

o= i WA x"
We can write this equation
x o, F]
[ F r
e iia Wi have,
.
- gl
WA —-x° I T be tha timee (Ll ||.-I!|_ ¢ alwomld ha F ERTTHE VIR

At time ¢ = 0 the -||.i:-]r'|:|.-|_'l_ll'||r'|'|I: I8 ¥ = 1, and at time ot f and £+ T

f the displacessent | s 1. The above equation can Thus, :
be integrabed as Mow Lthe velooily is (equation 12.7)
! o= A o o 4 0

[ wat

As the welocity mlso repents its valoe after o Gime
e ol coai o coal i + T + &l

i 3 -
| it | l'.-u-'.|'. BT i <+ i) :|r||_| OO OEf 4 S) W 1|| el Ihl_-|1
values if the angle (of + & incre
ar, ®in = 5 15 II'II_II.l_'.l_'IIi' A -|" = the = r|:-||||_'l-| ThiEi T PepErLibiom,
3 wif + T (o + Oy + B

1|'|..r'|1i|I|.! — = &, this ecomes W' e P

= il + b
q can wrike for
Or, x =/ =n

Thl' 1.'|_'||H_'||:. mE T £ ==
A o cos{mf + &)

where ki the [ ant and om i8 the mass of the
124 TEEMS ARSOUIATELD WITH SIMPLE ;l.ql:‘l'.q'-ll-
HARMONIC MOTIHON
Example 133
ik Amplitode

Equation (12.6) gpives the diapls
in &l IE'l]l]l' harmonie motion, As &

wvillues between =1 and + 1, the disp
—A and +A. This gives the Sofution ¢ The time period is

of the constant A It 1= the IIT
i ol thie & from the contre Tu2x i

ol r|:--|j'|"||1||||'|_ (ELR ﬂ'.ll 4||r|||||1|_1|"1|_' 1_'|]|.;|1|||||
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126 ENERGY CONSERVATION IN SIMPLE
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If the moment of inertim is f, the nngulnr
accelerition 13
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TLAR SIMPLE HARMOMNIC MOTION
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128 SIMPLE PENDULLM

suspended  from
i stenaiblo

madel. In

a particle o BuSpEn from the fooed
support (2 throogh n light string of length [ The
syatem can stay in equilibrium if the string is vertical
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Figure 129
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Figure 1210
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CHAPTER 14

SOME MECHANICAL PROPERTIES
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CHAPTER 15

WAVE MOTION AND WAVES
ON A STRING

151 WAYE MOTION

When a particle moves Uhrowgh
ith itself. Wha
with it, The

ther with it
in this manner. When ¥
no material particle 1.
on your fricnd’s es

them ahead or pulling them
air in this pa
Tl disturbed particl
of aur, translernng th
this wny, the disturh
HAEF TEAT |hl.' 5

I|_'|r'|;m-|:||r'||:..' i

turbnnee produced in the
in air, the air iteelf does
ther mt Lthe

=T, FUQH
e (o by
the ticket counter. It is not yel time, the
closed and the pers ]
person in J
farward pouas

v i somewhat unruly, bhe leans
mian in front of him and then
d Inst person, getting the

an forwnrd snd push

r_h:- Fan in |-||||'|r_ I'|"|'|| :-||-|.'||I'.-|r Bt PETRONn Mani@ed Lo

im bat the third
cee vl lennis forws
3 mmed |-|t1.'||.|_'.'
ala 5t. With the jerk, 1
the energy down ihe ¢ from one end 1o an
though the |

Figure 1
The world i8 full of examples of wave an. ' When
iw hal the surfece of calm water, aarcular waves
s finy particl
st o ahort timse but the

LT
um are calbed n chanical 1waees
In 'I|'||_' ;lt‘-r:-l_'rll CHAPLET, Wi sghall s ||._'. the was
oni @ siretched string, 8 mechanicnl wave In

dimenaian
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CHAPTER 16

SOUND WAVES

181 THE MATURE AND PROPAGATION
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CHAPTER 17

LIGHT WAVES
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CHAPTER 15

GEOMETRICAL OPTICS
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REFLECTION AT SM{OMFIH SURFAUCES
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Figure 153
(b) the modent ray, the reflected ray and the

182 SPHERICAL MIRRORS

A spheric
aphere, Sphe
from |.:|.|:-|.'- Ly
redlection tnkes place mt the
akes place at the viex s

or and il refloec

s, it 18 calbed
iars 181 ecrally, a & MIrrar |
centre ol the
Figure (181§ ‘s o point source 5 placed before the mirror is a part, is called the
n plarse mirror. “F I I that falls no
w mirror, This Fay 18

el
ng i

Consider any other ray SH making an angle i
normal. [t 15 reflected alomg B, Soppas
hind the mirrar. It
v Lhat Lhe tn
congruent and SA = Al Thus
mect nt § when produced bo 4 Suppase o light beam trovelling in & direction

|"|'l.'l.'=l'lilll: the reflected Tays ha VE ATE 5|.1r':||]|_l'| tiv the |:r:||'||j'||:-;|1 axis 18 incdent on 8 coneave

Fasias




]
lighti [all=

prinecipsal nxcis
i I 1t ]

fosas
Paraxial Rays
riy. I

FAVE 10 LMy
Iminge Tracing

1III.I

riwrg of the beam 18 =mall =0 fhni

larmataon

1= Moreead

If the

of whinsh s

y this mi

[ I|'-_||'|.': . the

th mnd th

COIE  HCTEs o

vplmbed ek




e Ficy

If the lengihs perpendicy

I'||'l'-||.|_'|']_ W :-]n.ll_ltlii I-I.!-. rl‘ ]
Gegerally the ap
15 aned dowr

dir
A Laken
trver af Uhae ¥

L
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=i —Fj+ 0 —F)

i+ )=(r+r}

AGYR nadd
ch. Thuas,
A+ SBVER = 180
Also, from the trinmgle
F+r & 20VR =

Substitoting in (5,

Angle of Minimum Deviation

The angle © is determined by the angle of inckdence

Tl thie 3 le ol &

a parhicii angle of ine
ition 18 mmemum. In this e

|:||'I_r'i-;._-|||_-.' 1|'| i

ay 4 i ol ' |'|_'.

Latemiont

A unigue angl
when i

fRjrure sghowa  the

MR Gela According b0 our assumplion,

a
£ >4




Oeammedrical COptics

Fipare 168.13

nnd will cmmerg
Bl K AATNE A8 I:H_"
ingr o owr
han the mm

Thus, we get o conbrac
that

of DT

contradiction, Heneoe, for minimum deviation, § =4

ML, Wi agaim el a

Relation hetween Hefractive Index and
the Angle of Minimum Deviation

Let the :'-|:'|i."|{' of minimum deviation be &, For

manimum devindian, §o= " and r

o,

Alsa,

or,

The redractive mdex 15
i i
:1.I.I'| .'.

T i
Usang (1) and {1},

nall, &, = also small

Example 185

&

The ang " P AR e m @ prism iz 37

FeRefiee LRdder €

i85 REFRACTION AT SPHERICAL SURFAC

When two |F.'I|'ah|.l:lrl'l'|.| mcdin nre I-|||'|.|.'II'.|III|'1[ h_'. Ei
spherical surface, light incident on the
ed into the medium on athe

L 14 Lat O be o)
roa point obpect 0 in the
(MY cwts the hFII'II TS

b e IELRY  JLTABL
e towmrds the |.'I||.[h|'l' 1w #idi
L may 1"_' | 1|'||_I e ilaksL

In figare (18,14}, it i=

small angle & with the line OPC Lhe
surfoce Af at m point £} The normal to i 1kt

D s DC. T
Thl_' ray 1= k
meel at the paint T wh
angle CIN = r iz the s

aple CUE = 18 the ¢ 3 W
cied .|E||-:'|;." . The i
i drnagEe
If thie refis
formed. If
: afler relrs i vartuad mm;
in formed ot the it From w

R -.'h'.'q-r';_'r




Conoeple of

Sign Convention

The = convention for roflcaction at
surface ia guite similar to that used for
AUFTOrE. 18.12)

* hine poining the far @ particular
The positive direction of the axis is g of Tt . 3 1 all ather

wmen along the direction of the incident i at # single sphencal surfice.

i# because we have used the proger  Sign

1thon
envole the x-¢

e and the centre of o e - Any « Evampls 188
-|r||_1||||1 el
1 18 Pl

prrps slnr to the . 3 oy clrearre

Helalion briwenn iv, ¢ angd N

Refor to ‘r|.|_'|l.l'l|' (18. 140 1
and £INC =y, For paraxial r
i, £, r, [ and ¥ are all small. From the triangle O,
i & |:i [ K]
arvd froan T,

oy Solufion ¢ |

."||I-.-||_ Fr':lr'll Smell’s |-|1.~'_ i IR W

ik |

We can wrte sing =1 and sinr=r go that the o
T s iamee =
Hyr
Putting ¢ and r From (0 and (0 ke (bl
ot + BF) = pLlE - ar,
L T = |.I.l|:i The image b formed 30 cm el o the spherical gurfaie

A o, |5 and T ane amaall, froem fore (18145, and a virtual
P, DP . DP
po P=pg wd ¥=pr if.10 EXTENDED OBRJECTS :

LATERAL MAGNIFICATION

ot as L = the ocontre of

TH*

maust b
vahd lor situaticns Figuse 1516
othaer than that shown in the fpure

In Aguare {18145, the point M 18 the ongin and LA Loan i L win ia Dgure (18.16]), Let
: & from left to right £ be an ot placed perpendicular to the
direction of the e (AL, O ler the ray ong@nating rom 6 and
» that u ia n ' Wik ! 1 B are  going o G, This ray is i ni normally on
5 the dizia . i T are poailive, : rfnee S it g LT
=i, Pl=+ v and PO s ; & et be on the |




Oearmed Fical (gplcs

¢ using equation (18125 If wr drop a perpendicular
fromn OF on OPC, the intersection ['i" af this
perpendicular with Q@O will be the image of . Thus,
CFGF sl b Lhe amagie of LR
Figuire 1817
Latern]l Magnificotion

= - F pinin & FLoTE B 20F 1,
Thie Iateral or transvorss magnElcation &8 delined Salution : Here o hem; :
vy,

I:|,:.||I_ al the
+ hy aned 06 = — My .

ko U &m
0T, J& e

The magmn

M = P
o L.
PO+ I 110 Em
In Bpure (18,16, PO = —u, PC =+ a

unteomn 110 @ves

£, h i em

The image is eroct

1811 REFRACTION THEOUGH THIN LENSES

aof the most familiar ||-j|1||,'.t| devings
f being. We h lensea in and a
or of ws supplement them with another et
in our speciacles. A lens is mmde of o
transparent materinl bounded by two
surfaces. The
‘e Or o
] L{4] I:|I.-|_'
or, i obpect din =, Il it a thin
H.1¢ severid e and paths
Thiz gives g through them

A i
lgtt(y — 1)

P = gL

1

Tl'.l_:h_ ||_-| RELS

Figure 18 18

Exompde IE.T

reapling

] ||:'|r' JenmangE £ i




i | | axiz of the lens, The contre
P B LINIF h lies o r|_|_- (Elg] |:||.|| oX1A8,. §H SN E S
cnlbed the 1 f. K, nn iy IO COTLNN COoses & hvo

Foous

The
s
on the

and hence

R EILE
With the ususl chaoios of axes, fof a lens is PRIV

6T & convergng lens and 18 nej

lera. An
3 1| wurfac
The optical centre is

al M and the prinapal axie cuts the two sphencal
surfmces ot [ and £,

srmlar




muterinl of the lens
i of Pelractove

:||lr LW FaYs

11 ray #
finnl i
The general equatsen for refraction at o sphercal

origin ot E
. are all el o

I

orignn at M for bol

i at {F the

refra
at ), If

thi Frst

Far the
LT nmal L3R ©
rio of etnr VLT

o nnd IF, e

a2 tnken (ar @
Rk I|||'

15.14),

x of the m

If the refry
e

18 i mand it 18 p il
[1E. 15} beoomies

Thiz 18 el

s lens farm

which iz known ns

Example 858

18,13 EXTENIYELY UFHITELTTS 2
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Conoeple of

principal axis must pass through the focus F. Thos, o,

the emergent ray & along AFEY. The mage 18 formed The _—

e (AP ad AFEY intersect. Drog a perpendiculs ' ! 10 cm

i on the principal nx This par 0 cm = B0cm The positive sign

in the image of Q. Figure (18.23) shows image L ik
formation in some obther ckscs

] flrl.'.:|:|-|_'r'||;'_'ﬂ| Thie S umit of
il I|.'1'I1"I [ Rk :I-.:|||'|-.'. O

diverging
g le
15 migative
The lateral or transverse '";"Hllirh'i!hll'il ia defi 1815 THIN LEN:
moe—
|'|l|
whore Ry = height of the imnge and 4, = height of the 3 —
. 3 |'I.'l-.|H'I_'|.I.'|I_'|_I.'
Suppose, @ point object is placed ak a point € on
n principal axis, The fir & would form
its image nt £, . This paint £} v the ohject for

ring o figure ( 15.225, the magnific
hy —OQ

;m F:

iy the second lens nnd the final image 8 formeed at T

From the similar triangles COOQF and OO0,

sy Lhat

Buat PO = =n and P
so that by (1 (18 I
Lat ir = obpesct-distanee for the firgl len
I fimal ||'|'|-||,:-|'-|!|
iy = 1 o thie
first lens Ar the lenscs are assgn I i S B is

._1||-.-|| |hl_' I-|_'I_-|_.I|.I-.|.. 1h L] |.||| I;||-|

Then,

Adding these
Seind i U e & howve u

Lisng
If the combination is replace
length F such that it formas the ©

LEY jiafs .I'




P 1 1
I w F

B Lt !'l:.. g, &

Such n lens s called the equivalent lens for the

parillel
nvilent ken
I for the aibustion

for amy

18,168 TW THIN LENSES SEPARATEID
BY A [MSTANCE

When twio than lenses are separoted by g

Ln

|-'I||._||| al thie g

HLAF '|I.|||| |k & F
deviation of o ray when 5l ops

I= fortmed
Lad ZACH =0 amd A = [ By trangde CAT,
If the |||.':|_'|'.I & is senall s |_'|'||||,|;|r.'-:| i PO and P, the Pasbtbon of ile |.:,_|.u||.-u|_.|.t-|1 Lons

npngles i, | are alsa small. Then,
We have PP Eir

ot = taree = & SO amd |t = LS Tl
(A et

hgure




thi= gk
pehibnd th AL
Equation (18.22) and {18
special case of parallel incident b
nt m fimite distamce, one should not use
LN Fi= Thl' L
uging the lens equations for the tw:

1817 DEFECTS OF IMAGES

. The inidex o
differs  for

different

rising from

type al de
A Monochromatic Aberrations
iml Epherioal Aberratbon

All through the dis i of lenses
with apherical sarfaces, 1t has been asaum

of the lens or the marmor

| of interest ] ull
principal axis. It is then
of a point object. Ho

I i n 1f we neglect diffrection

LA AR AR AR AR AR AR L kL

Figure 1R.23

nd mirrars

i that the

il and the

with thae

pEaint image

only  an

The

rays reflect or refract from points at different

TEEeL

i n

L. '-I
at infinity.
llel to the prine cident on
= i) af the cor
wal nxis (par
netrieal focus F of th

'I'|I|-I| W TAyR

L e | I]I1' FIEI T
different  points
reflecied from & small

at & poant o
intermedinte ) 0 mk
n & and & #
& meet nt o point off the
al | _'|':'|'|.‘| ima

CEO 1E T 3

minllest nt teomn. This disc
= called tl

o e T : magmtude ol

aherration I k thae -|I.I-'|.'|

e the po

the paint wh

a parabolk mirror,
illel

at the joous

will b wvery ¥ pe The

i the bl i T [ TR
then neardy parallel and Foes up o la

A of the fmite aperiure, a lens too produces
of m point ochject. Figure

Figure 1828




lenis for the TAYE [ mllel to the (Eplaiy i SINHEC o ] | mwny from the prng
We =er from the .'E|_ that the me i 1 aTiE ] I L PR i on @ sereen et |:-|'|.|i.
Lr o, Lheey B o thie '-|'|.||I-|' af the ir s like m comaet

dovi | o hit ton =
||-:|: 1 r'r I|| i ) - g [ 1 |'..||| |
ol ae lomia Ia

iherration is opps W v i J x & [rom the axis al & s

pn of coma. The par.

P at . The r pasang throwgh the

I:'|-' Aeliig ]

I :r|'|.'|.|| BEER A =) |||I' BTN -Ill'.ll

A have & comel-hike ap

18 Lo s A =0E Fsiof v mmd in front of
LOp 18 AN opaduo &heed with & small cireular
# ik 1 only allows a narrow pencil of rays o
Eo 1 wrourh the lier b this
this et ke ind
s most of the light is cut off
L
The

vintion ol

bkt it PeELRin: | LIRTE ELE | TEii

||:.. the screcn. The i i ] e along the
pruncpual 3 (ol to be
1 wnth defect of wison thie same

il Carvaiuro

« formeed by @

¥8 true ikt

y, For a PEOETHE

=] I'r|.1|_ 1R & Pt |:-|-I||
prigopal axs of a lens and the
ulnr to the
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LTI i TS PR 4R

Distortion = the
naged. I :
seneral, al different distances from the ax
ntion betwern the object distonce and the imngpe
stonen is not linear and heoce, the m gEnil
the same for
result, m
1 £

nt ports

LIfa s

Figure |

. Chromatic Aberrations

“the muterinl of a lens vanes
hence, the 3
elengtha. In

& refrnctive it
tly with the ngth nnd
gth 12 also daflerent for dhfferent v

sihle region, the focal length = m
Thu=, if wh

i mare and hence |.'ﬂ|.'_'.'
| 'I'I.I‘l'-ll. Liy 1|'||_'
dent on

to the

& mny resalt
I itbon is

e deps
velengtih.
| iMerent
A typical situstson 18
romatic aherration are

« of diflerent
m in figure (18
asaumed to be absent
e 1] !u_-]v.q_-l-n 1|'.1- Mg es fi I ||'|
e TEm nlled the
axial h OF IIJI'.'IJ_'rrI
difference in the size
to the principal axis) formesd by
ngths of the o i
fipure 18
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{ perpem
exfrem

fey] a4y e rral

Figure 1534
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g fhe g

Holuilan @ The magnification e s
ILIR . |

Sl Mo |

Figure 1832

S s 18 . The & i
the mirrer is r=2f=20cm. Thus, the cm from the pole on the side
#nd B of the e AH 15 &t the centre of the
clrvaiune cmicet, (ks i [oarmeed ot B iksell
We ghall now & the i

Here w I em and f i
d
B4l cEni

il em
or. f

The [ocal longth of the mirmer 18 B8 em

0,

r the , i A ]
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Hil=x
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Thus, the light =
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| [ focal

of the mirror X { the circl

Caleulaie ihe & forenied

Figure 18:E3

14. A leght ray da

Oeamedrical Oplics

Fisud

eurfasce of J
form om the
bkt wh tive index of

whtor =4/ 3

d the microsc

y 7

inh]| Coflnand Wales LEp Lo o
il @n ol ug

ih ithe surface




71 The bottom of

emall 1l ll';

Figure 18-E7

5. A amall object 13 placed af the centre of the bottom of
4 em filled

m b ||.!hl. abould »

by make the parts

Figure §15:ER

ent ot an of 45° with mormal

. plale FOh Fimd the &hifl in the
hE & AL i wed ol Irom the plate

15723 is surrcunded by o gluss

Ental

nir. Sk
& with the

1540 1o water {4

W doviabiog [oF w

Lhe light ray

clive index @

Fipare L8-E10

L
shirws

Figure 15-E11

. A dphemical surlads of radiss




Laocabs Lhe

W i




e real image » placed axiz 80 Lthal its mage |

|JI‘;|.'-.'

mirror of

1
thee mirror 2

froms the 1

il
il @h @ Vet 3
W00 N m” I weight A = 10 am
-E 141 T i 1o the

| om k= pl
ular to the




Oeammard Fical Cplics

hits ETI

al Lable O

Tar
of the bBleck R
g = 1 ms .

METTOTE LS

L& spoed o Fepare 18-E1&

ANSEWERS

ORJIECTIVE |1

- ahove the water susioes

ik G em (B 10 em froms the daw

from the renverging mirree

mwirrar arthier

n direcily below the puocs

s obpect
e from Lhe marmor

} mm imside the ball bear O mm

em from the mirror on the side oppesite to the object, 21. 71 om above the bodtom

I 1}

1-33 em. wartmnl acd erecl F2 iml ||!||| e |4.|:-||'.|' pispld, f||||l '

1§ ema “ 1 | |
f 13

ik .

bi Ml

below ksell mnd .||1] #

b o L
Lot =

el (isgld

3
: ||:d.'!l.ln ineli




Ephsre

m {rem the lens furthes away |

mirrar

m [rom the lens further away from e marmor

Feal

ex lens and &0 cns for

Jer i




IT JEE eBooks : www.crackjee.xyz
CHAPTER 18

OPTICAL INSTRUMENTS

19.1 THE EYE it s attnched. The lhight enterning the
- . . VETLAGS (Y thie refing which covers the § e of the rear
I!.IF|I::||.:.'|I instrumenis are used primanly to nssisg part thie Sl y pebind. poniakag. ahoak - 195
¥o In VIeWIng an i - : il JOrs > nd rECEI
the constructi ; Wl the this i are Bl
which we see, the m - n hat filsr
it EXpernment we do fram the f WD
OpETI LT 4
Fygure  (19.1F shows  schematically  the  basse e agueous humor and the vitreous humor have
The cye h nearly spherical almozt same relfractive index 1'336, The refroctive
duivmeter about an inch e front portion is all the material of the lens s different in different
urply curved and is o n transparcnt pe
light enters the
portion which i= ¢ from outside. Be
COrT filled with a liguid t change | sfrmctive  1F S
ik i E bending 18 e by the lens -h 18 surroundec
flukd af somewhat r relr w index. In mormal
comalitions, the light should be focuszed on the retin.

i1 onwards, we

& Lo mean Uhis 1.'l.'|l.II'I-'iI.|.I.'II|.

5 its maximum valoe which
retinn, The par
then forussed on the retina 3
citlled tris, which h srall :
pupil., Ins ix the red part that When the ove
s, The pupil nppenrs black because pny ciliary muscl EV
. The aliary muscies
¥ thnt the in
" - - . Wl thas |.||.l||1.'1 [
varying the aperiure af the pupil with the help of the v of  adjusting al Irll.r|“'||'| is
irs. In e : itic 1 ands the pupal modation. Hewewer, the musclées car
to allow maore L to go in. In good light conditions, Elrain : ad & ikt and hemes o the
it contracts the |'|I!|;'|I| ] i3 T e

15 I|'||_ Wi, Ay I‘H_ &

T lens iz hard in the middle and graduslly
bseer sl tovwnrds thi
||'|:-_r|l|_'l_




19.2 AFFAKRENT S1LE

Evampis 151

13 meh'm
] By 08

11 imedu'en

As o, » o, Ehee Tirst boy will look taller to th

183 SIMPLE MICROSCOFE

1y anad
erpled on

gige al the abgect amd I[P k5 gl |

that 0 = i




Optical [hslromrsls

e on dhe refing ean d By using fhe

i e . (19.1)

If f= B, the magnifving pos preater tham 1
gnifving power can be further increazed by
ject still closer o the lens, Sup
gect to a distanoe o
riusl erect 1mag
The I]|.:|'| this
g the image clearly, Thie
using the lens formualn,

from the lens such
i® formed at the near point
minad, it atill
can be calowlated

Hiere o I and w i, &0 thmt
1 1 1
" l“ .
I

RaEpy
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CHAPTER 20

DISPERSION AND SPECTRA
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PHOTOMETRY
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