During t
pLength, Mas:

i _ its of Elect
01- P hyslcs :;?‘substance
/ __‘-‘-‘-.-\' I| Uﬂ‘Lﬁ

ived

] 111 those aspects of nature wh; Derive

ice i associated T,:?al way in terms of the e;;,:a Can \ more hlh::iea

physics : ﬁ:-"“ h"dZTds Physics is that branch of Fh}rst?r? '. “?‘;‘;‘;rm‘ N

srineiples 28 tter and ener8y i roups— ' f

new in which "171 judied in the following & ' System ‘;:1 1

sics is usually 3 : hanics) Usu

PR L. General Physics (Mec ‘ (i) CG

. urement . f units L

| 1. ntity im:}::fﬁ which is expressed in number or Whose | gecond re
1 representation 1S m::‘at]i'rnn. Ages of men of women, weights of objects gt (ii) FI
Example : Poput . Quantities expressed in terms of laws of physics | Length, 1
] | Physical quantity ® system is

f . h“EE- £ -, -

i re called physical quan biect, length, force, speed, distance, displacemer, {151'!

] mamentum , electric current etc. pes { Second.
1) scalars (i) vectors. s hi ; | (iv)
"% ) Scalars : Those physical quantities which have magnitude only ang Confere
whose direction is not taken into the consideration are callmfl scalars. of Unit
Eumplf + Mass, h}m]}@rat‘urf, dE“Sit}"} VUIumE, E].E'ftrlc mrfﬂ'nt, work consent
ele. System
(ii) Vectors : Those physical quantities which have both magnitude o Tl:
sysh

and direction and which are represented by the directed line segment (—)
obeving the triangle law of vectors or parallelogram law of vectors are | Seven

called vectors. | (i)

Example : Displacement, linear momentum, angular velocity, torque, | °"=
magnetic field intensity, electric displacement, current density etc. | I
d{“:t lllphyb::arl quantity which h.a:% both magnitude and direction but which ! met
like el obey vector laws of addition or subtraction is not a vector quantity, y
qu;nfil::iﬂ; !;:I}:Eent. pmjs;ars; work etc. Also there are certain physicai
- i as scalar and vector, S i 3
as a .u.a_lar, while normal area is treated as a vector r. Simply area is treated kept
) Units of Measurement : T, measure a e 2 calle
:.u”stanh;?l amount of that quantity, is Ny quantity, a definite and a I
e uniofhe gty o 350 10 be sanciard which s | a5
Wpﬂ:; ::;r this unit, the Process is called ,-: B!Ven quantity is measured in the
e : :mts-_ casurement. There are usually two of a
o undamenta] Units (i) D 9219
unit " Fundament,) Units : [f hvsi erived Units
5 Whlch are used & il a P Ysical quantity ; cOo
€ach other, thep, ¢ ese Standards ang theg, st t{i is expressed in terms of |
units ar. andards ‘ f |
€ called P s e independent of | i
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' ‘DPuring the early stage of research and development the units of

pength. Mass and Time were assumed to be Fundamental. But later the

ts of Electric Current, Temperature, Luminous Intensity and the amount

of substance were added and thus at Present there are seven Fundamental

—_— Uﬂﬂ'ﬁ- 3

h Derived U“"T ¢ If a physical quantity is expressed in terms of two or
Can more fundamental units then these units are called Derived Units. These

Wary, units h*'“"-‘I““ independent existence like fundamental units. The unit

—E = . ] y

sica) ;}f .!;“m' Momentum, Work, Potential Energy, Density etc. are Derived

L nits.

System of Units
Usually physical quantities are measured in four systems of units.

(i) CGS System (Centimeter/Gram/Second System) : In this system
of units Lengtl_n Mass and Time are measured in Centimeter, Gram and
second respectively. CGS system is also called Metric or French Systern of

25g
L/nits,

c. (ii) FPS System l.’annt / Pound /Second System) : In this system of units

- Length, Mass and Time are measured in Foot, Pound and Second. FPS
system is also called British System of Units.

-t {i_ii} MKS System (Meter/Kilogram /Second System) : In this system

it of units Length, Mass and Time are measured in Meter, Kilogram and

S Second.

(iv) SI System (International System of Units) : In the International
i Conference of Weights and Measures held at Geneva in 1960 the SI System
of Units was adopted and accepted on the basis of a comprehensive
consensus. In fact 51 system is extended and modified form of the MKS

System.
There are Seven Fundamental Units and two Supplementary Units in

51 system.
Seven Fundamental Units of SI System :
(i) Length : In 51 System Length is measured in meter and is defined

as—
Total distance travelled by light in vacuum in 1/299792458 sec is called

1 meter.
(ii) Mass : In SI system Mass is measured in Kilogram and is defined

a5—
The amount of the mass of a cylindrical alloy of Platinum-Iridium
kept at International Bureau of Weight and Measure at Severis in France is

called 1 kilogram.
(iii) Time : In SI system Time is measured in second and it is defined

as—
In the transition of two hyper fine levels of energy in the ground state

of an atom of Cesium-133 by means of radiation between an interval of

9192631770 time-periods is called 1 second.
Einstein in his special Theory of Relativity used Time as fourth

coordinate in Space-Time coordinate system.
(iv) Electric current : In SI system Electric current is measured in

Ampere and is defined as—
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kept 1 meter apart throygy, -
m{m“:g; r: way that it Frﬂd“fﬂ 3 magt
EI.llEﬂmih.h::!«a' of the electric current j5 | SSM

§I system Temperature is measured iy g 3.
: In sy=

1 (ice), liquid and vapour-coexist a 34 : !

: watgr—:eg?i 2::3 and this tem}jﬁ:rﬂture is calleg ,:r".hf K

tl'f]?l‘r' P;;g 16th part is called 1 *‘ke > .I'I"l: o m'.'
ndits 1/ si‘t}' - In 5] system luminous intensity is me,

s Inten .

5 Luminous §—
vt ich 15 deﬁﬁt‘d a:{]urct'_" of Ilght PmdUCL‘b a fTEquEfn
N d if its intensity is 1/683
540 <10V Hz in & S aTiA Candela. If 1 Joule epg,
LLaming

cteradian, then 15 colid angle, then it is called 1 watt/ Steradiay,

5 - writhin an
emitted ;T w:"';'*l‘“:; Sub};*"“"’ : In SI system Amount of Substan, ig |
(vii) AmO

iy ed as—
: hich is defin ) .
wasured in Mole W . ions present in any sub
mul" ohe pumber of molecules, atoms or P Y stance o,

Jement is 6.023x107, then the required amount of the substance or elemey,
N ement L.

is called 1 maole.
If this number of mo

is 6,023x10%, then it is a
* Number = 6.023%10%. 1
’ or, 1 mole = Avogadro’s number
Supplementary Unilts of 51 system -
There are two Supplementary Units in SI system.
(i) Radian : The plane angle made by any arc of a circle of equal radiye
is called 1 radian. All plane angles are measured in radian. |

(ii) Steradian : The solid angle made on the centre of a sphere by the

¥

15

=
3
= c
3
=3

i\

locules, atoms or ions in any substance or elem end
Iso called Avogadro’s Number. Thus Avﬂgadm's

square is equal to the radius of the sphere is called 1 steradian. All the solid
angles are measured in steradian.

Fundamental Units

area formed as a square on the surface of the sphere where the side of the |

Volume
Density
Velocity
Force

...ﬁxfl-ear Mo

Pressure
Work or E
Magnetic

Expone
of 10

108
1012
“Jtl
107
100
10°
107
10!
Units fi
(i) .
betwee

|

(ii)

by ligk
\

(i

all the

Unr
1km
1 mil

1 NM
1AL
1LY

Physical Quantity S.I. Units
L Symbol
Length Meter i
Mass Kil 5
i ogram kg
. Second
Electric current Ampere ;
Te o
Lem;.xrature Kelvin i
uminous Intens;j ty Cande] s
Amount of Substance Yok a cd
| Sy mol
Physical Quangity PPiementary Uit
Plane Angles 5L Units S
Solid Angles Radian e
Steradian :d
r

Scanned by CamScanner

Pa



Phwveais 5

Some Important Derived Units

Physical Quantity Detinition of Quantity 5.1 Units
i L ength Square m’
Noluimie Length Cube m'
(RIETINTEY Mass per unit Volume kgm '
Veloanty Displacement per unit Time ms !
Fore Muass = Aceeleration kg ms Yor
Newton

= inear Momentum Mass « Veloaty kg ms !
Fressure Force per unit Area Nm ? or Pascal
Waork or Enerpy Force « displacement N-m or Joule
Magnetie Faeld Intensaty Foree N-amp ' m' or

electric current < displacement Tesla or weber/ m?
Various Exponents of 10

Exponent  Prefix  Symbol | Exponent Prefix Symbol
of 10 of 10
1™ I'xa E 10! Deci d
o et P 10 Centi ¢
IR lera T 10t Milli m
1 Caga G 10+ Micro i
1 Mepa M mn* Nano n
10! Kilo k 104= Pico P
1 Hecto h 108 Femto/Fermi |
10! Deca da SR Atto a

Units for Astronomical distance :
(i) Astronomical Unit (A U.) : It is a unit of distance. It is mean distance
between Sun and Earth,
1A U - 1495 = 10" meter
(1) Light Year : [t is also a unit of distance and it is distance travelled
by Light in vacuum in one vear.
we | Light Year = 9.46 = 10" meters.

(iii) Par sec (Parallax Second) : It is the Lirgest unit of distance among
all the astronomical units of distance and 1 Par sec = 3.08=<10'" meters.

Units of Length or distance Units of Mass
I km 1000 m “ADunce-0Z = 2835 gm
A mile . 1-""1_"'1'-'H kim 1 pound-lh =16 OZ
_ = 453.52 gm
I AU 1. 49510 m i _ 2205 b
1LY - 9.46<10" m b TR
- 48612 A.U. = 1000 gm
I ar sec ~ 108<10" m 1 Quintal = 100 kg
=3.26 ly J-Metric ton = 1000 kg
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Cene —_—
" Units of Arey
|
Units of Time eacre = 4840 sq. yarg
g ol -.u- = 43560 sq. feey | a d“ha body
1 hour 60 e = 4046.94 sq, Mete, " Shebody
3600 ““': 1 hectare = 2.5 acre Average
s E.:im'::l - 1 sq. km =100 hectare
'1 I wevk » days 1 sq. mile = 2.6 5q. km If a body
A Tunar month - 28 *ﬁ‘-k“" : = 256 hectare
 _ 300r 31 days =il acee | FPeedsgthe
4 1 solar mont - iH or 29 days (Fu:b;a Units of volume 1| ——
1[ ] yvear = 13 anar mﬂﬂ:‘ d Aitre = 1000 cubic cm (cc) |
' _ 12 solar mont = 0.2642 gallon
‘ = 365 days Fpallon =3.785lit. Speed
1 1 It"-lp‘ }'t‘ﬂf > 366 da‘:!"s t-t-eﬂ Pﬂlﬂ‘ﬁ of a
a I - 3
Dimensions of Physical Quanti Temperature, Electric Current etc. wiy unit time i
In Fr;:-r.nltx,:ﬁ::ﬁﬁ:d‘ﬁ;i . M'P_E D haveviis] md signiﬁmﬁ: ch.anfe of i
v symbolically Ak . f Vera)
roles. Al physical quant;!‘ﬁ are expresdec In fRrre ok poWer (exponents) displacem
of these symbols called dimension. Mass M
4 i - = = =3 m
: Example : Area = LxL=L3 Density Volume L3 ML ln:t:
Foree - mass x acceleration = M x LT = MLT? average v
Force MLT -2 not tum o
i s 5 e - = = = _l - .
Magnetic Field Intensity = ———— displacement  AxL MA-1T2 ' :rel:)mzr:
nsian
1 2. Motion and Force
Rest and Motion : If the position of a body changes with time, then the
| body is said to be in motion but if the position of the body does not change Acce
with time then it is said to be in rest. scctlovad
Distance : The total Ie:ngth of the path travelled by a body in any given of time, 1
time mten-a{ is _called distance. In other words, distance is total len of a bod
between the initial and final positions of the body in a particular interval conversg
of time without taking into account the direct] . Y. o
. irection of the motion. This is retardec
-‘-fﬂlg‘qu.:nmy and is never -ve, and its S.I. unit s meter. ' ’ is ms™
isplacement: The least distance exe '
. . cut bod i
and final points (position) of a straj ht lin st }?b-etv‘:reen thieinitial Mat
5 called displacement and itis 5 © ouon in a definite direction
+ve, - ; A vector quantity. The displa
Ve or zero, and its S.1. unit is Isplacement may be
Velocity : If 5 body going in meffr they
: . , a ' : o .
straight line motion changes its positi Eﬁrflte (fixed) direction during its
the velocity o the bogy, 1o+ > POSItON in unit time, then this 1s o led oi
POSition in a fixed ¥- Thus velocity of a bog is th : is is calle
Bl Ixed direction. Velocity is 5 vect yist € rate of change of its acc
s Value may be 4yq, _, OF quantity and its S.1. unitis
) Average Speed - Aversg » Ve or zero, Th
v a body e € speed is def; rest the
> UPen total time elapseq, Thyq U 2 total distance travelled Re
Avarage 5 T . —5
peed ~ _lotal distance ¢ Py that of
rav. -« _ y____ >
Total tim tled o= - —~ P that of
€ elapsed S.€«— |
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If a body travels x distance with

and the body takes t, and t, times Speed s, and comes back with speed s,

respectively then

Average S = r-x—:} 2 _ 255 X x
| TR S + =X 5+ Sy O- 2 . 2 p
St 5 5, ' g -
If a body covers half of the distance with speed s, and another !:alf with
X, X
speed s, then the average speed for the distance OP of the body = 3+3
b+ 1,
= Average Speed = Haril
i+,
(5;+5)t s+
o LI
___2_.3 [t, = 1, = t (say)]

Speed : Tot_al dls_tance covered by a body between the initial and final
ints of a straight line motion without any consideration of direction in

unit time is called speed of the body. Thus speed of a body is the rate of
change of its position. It is a scalar quantity and its S.I. unit is ms'.

Average Velocity : The average velocity of a body is defined as total
displacement of the body upon total elapsed time.
Total displacement

Total time

Instantaneous Velocity : If a body moves in such a way that its
average velocity measured for a number of different time intervals does
not turn out to be constant and the body is said to be moving with variable
velocity, then the velocity of the body at any given instant of time is called
instantaneous velocity and it is expressed as

= v = limAL
At -0 At

Acceleration : The rate of change of velocity of the body is called
acceleration of the body. If the velocity changes uniformly at equal interval
of time, then acceleration is said to be uniform acceleration. If the velocity
of a body increases with time then the body is said to be accelerated and
conversely if velocity decreases with time then the body is said to be
retarded or deaccelerated. Acceleration is a vector quantity and its S.1. unit
is ms2

Thus Average Velocity =

Mathematically, acceleration = '-r-':ﬁ— and if v = %
- = R
ion = 42 i( dx ) 4 x
then acceleration = o o o
If any body moves with a constant velocity then

—
—r
acceleration = de 0 (as v is constant)

Thus in uniform motion acceleration does not exist. If the Ifrod_y _is in
rest then obviously velocity does not exist and thus no acceleration exists.
Relative Velocity : The relative velocity of one body with respect to
that of another is the rate of change of displacement of one body relative to
that of another and vice-versa.
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stant velocities of two bodies 4

—

e thﬂ con i
B (L ::’]dI::I'NFrEH.nmﬁﬂn of the relative velocity of . , th -,
ju the e velocity of A with respect to B is expreseq th gy o

A md Ih"rﬂ]ﬂ " Exp N .!.Ed as: !.T._- = 'l'__.l"- = ns.ﬁ ."- chIﬂ.mq“f
Mathemn"”'"?'f' hese a7 _ BA__ B TAdy o magnitude of
sof M ion: 1f2 body qEHHIbES a *;-traight T— 4B 208 Tn;gnt}..ﬂ
.5 u.;lf; e in ime L covers a distance ‘: with a uniform SUTI fr;u:ection 0
jnitial ﬂlll:' cquires velocity ¥ th_en, b{}’ ?PPIJ‘ ng the fundamep, - fﬂnﬂ-;:?tim
and BN ot  Newtonian Mechanics f_LraJ:Ieo -:Iem_.ted the fn!!ﬁw,tﬂl pri ; Let pﬁ
‘:h‘ii:h::: called Kinematical Equations of Motion. Ngequ.al  ©f abody de
which ane £ ‘ ! i
.on are : (Yp=u+t al (ii) s = O is the cent
gquations Of mes o %_ ap E a bod
(i) o7 = + 2as (i | i Lhe. G
s ()5, =uqy % a g . .' the-body is
where 5, = distance covered by the body in n"" second ) | velocity w =
Graphical representation of moltion 3 If a bo
i) Di “Time Graph : Y | thetimers
(i Dusplac:menl ime Grap A . is called ar
If a body moves with a uniform velocity & R | Th
then .-.ﬁs.p!uwment-time graph is a straight line E : . el
as shown in the figure. The slope or gradient £ Q | peddd
of the straight line provides speed. Also the ';_-; B, Also t
ﬁ::ﬁ;:ﬁlnpﬁ of the straight lines, the larger = 'P |
- - = LA 8 or v
Obviously in the figure straight li Sy t |
! t line - O s
ﬂl‘_?. and OR have incmasing ﬂrd-llj'gﬂf the qi;ﬁ " r;me “} —— .:.r, Thus_
. § sasf,>H T (ii) P
(ii) Velocity-Time Graph 3 >0y >0y ' e
: : initia
(a) Constant Velocity .::- Unif x Y desc’li;:‘]
body moves with a constant vel “fm Mﬂtmn : it n A u and Sucl:
motion, then Velocity-Time gr‘;elﬂ'fl ty in a uniform = : Hers
4 A ¥ 15 - o =
para;;:i 10 Tirme-Axis asshow iF:n th: ? straight line, \:wp'____"‘*-ﬂ“l l occurs. J
estraicht li igure. = o isnoac
(b) Uniﬁ:‘[:r ine PQ represents uniform mot; 3 B buti :
describes a rmly Accelerated Motio motion. 3 iy mn':n
& » n:If -~ i (=%
straight line i}l:::(;ml-" accelerated l'ﬂﬂ:t'[ - body = O Time () — | gravi:;‘
line as hhnwrn 1en the Velocity-Time lon in a " o e .;1:
Obvi in the figure. graphisa Straig]-lt * A p E{)ny
.n_m‘j . USI}Z Sl‘rﬂight [i - P ) stan
87aph of the uniformr. OP re = with co
Two M Uniform] presents Veloci > Ti
bodu ° Dimensiona| yaccelerated sagicr Y 5 et
:"’ 15 dl‘.&f(‘r'f _a Mut‘iun . mﬂtl{]n L « Iy Ti_[
dxes ar in 1hed n two di 51 If [he moh ’ “E | lhE m
Mmotipn T;: rectangular cq 'mensional o 1on of a .‘i’o —l"x a
- The ¢ ~ordj -ordi . A
Pendulum, gpe oo F ™ tinndma"*-' axis, then _t:'mare Time (t)—>%
= ¥ . are r “ S L4 1 4 =
0 @) Cir cular ]':: a! . ExamPIEqpm‘mcn le motio 1s called two dimensiona i Ti
t'Pa.[h* then the otion : |f bL of twg " n, motion of a ..Ijl h
elocity f € Motion ; od es o sional moti e g
Yo U‘Ip hﬂd : IS ; ”'Ed - Scl"les its ; rlion.
e tangen lia]qr‘m"a" motio mmlqn on a circular fé : h2L
at n. In circular motion, Sne +

eve .
r}' P'Dlnt Df the trEICk, ltE dj *IH3'..'.1

L
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changes evervwhene. This shows that as the
magnitude of the velocity remains constant (speed o
vonstant ) and velocity dowesn’t remain constant (as  *)
it= direction changes) so the motion s aceelerated.
Fhus motion of a body on a circular path with a
constant spevsd is called Unitorm circular motion,
Let Pand Qarcany twoinstanta neous positions
ot a body deseribing a uniform circular mot ion with linear velocity v, Here
(2 is the centre of the circular track and r 1s its radius.
It a body describes an angular displacement in ¢ sec and its position
on the circular track changes from P to Q then the angular velocity of
the body is defined as angular displacement per unit time. Thus angular

velocity w = :' (expressed in rad /sec.)

If a bodv moves on a circular track and completes one revolution, then
the time required for it is called Time period. The inverse of this time period
is called angular frequency.

Thus w = :?-'T:'— =2an  Here, n is called angular frequency and T is time

period. Thus n - ]—1

Also the linear velocity (8) = Circumference of the circular track
S Time elapsed

3
on U= ";" -(%_“)r = Xr s 2;‘ = w = angular velocity)

Thus, linear velocity () = angular velocity (w) = radius (r)

(ii) Projectile Motion : If a body is projected upward with a certain
initial velocity u making an angle 8 with horizontal direction, then the body
describes a two dimensional motion whose path (trajectory) is parabolic
and such a body is called projectile.

Here a unique physical phenomenon AY

-
occurs. As the body starts its motion there E_ "
is no acceleration in its horizontal direction, .| %7 ‘ T
but in the vertical direction there is a ¢ vcosa;
constant acceleration (acceleration due to = ' H
gravity). Thus, in the projectile motion the '; l
body describes its horizontal motion with B ucosh: > X

constant velocity and its vertical motion O<€—— R ——»p
with constant acceleration.
Terms and Expressions associated with projectile motion.
Time of Ascent (/) : It is the time taken by a body (projectile) to reach
the maximum height (H). It is given by
e sinf
b S g
Time of Descent (/) : It is the time taken by a body (projectile) to reach
the ground at P from the maximum height (H). It is givenby t, = Moy
g
YCThust = = 4sinf
4 & 5

8
(Here air resistance is assumed to be negligible)

Scanned by CamScanner



Genera =~ i
total of the time of ascent and the g,

to travel the distance OP (Horirnes

; ¢ Or Range.) )
Hanzaﬂtﬂf ;ﬂaﬂg 4 sind _ 2u sinf
w1, = "E%_' ¢ T 8
: ical distance trave])
aximum vertic elled
H) hI;J:Ei::evz;ﬂdtV becomes Zero at glance, It ;¢

i izontal distance (OP) travelleq
:Itis thetqtalhﬂ;"ﬂight (t). Tt is given by R =

would be maximum if sin 20 be maximum. Byt

gﬂbﬁuusly .rar;lge I:
max. value of sin 20= 1 g = 45°
= sin20=1=sin% = if 0 (angle of projection)
S d have max. range
Thus any projectile woull P st G0 w2 - u?

=45 and it would be R, == 8 g

iecti ° — 0) then horizontaj
i le of projections are 8 and (90 ther oriz
r&ngtlfstn '-'\::.‘IL:F; bﬂl:ﬁ'le samllirlt both cases, whatever be the initial velocity of
projection, max. height attained, time of flight, etc.

Equation of the trajectory of the projectile o |
The overall equation of the trajectory of any projectile, whatever be the

individual parameteri is given by ||
y=(tan @) x - -‘g% sec’d. = (tan 8) x — —i—zwz
ell 2(ucos0)

Obviously, it is the equation of a parabola. That's why every projectile
traces out a parabolic trajectory (path).

Mewton’s Laws of Motion : Firstly in 1687 Sir Isaac Newton, who was

a great mathematician of his imé, propon o T e
Book Principis T T R SE P ?ﬂgn-ﬂ. the laws of motion in his

First Law (Law of Inertia) : A body continues in its state of rest or

uniform motion in a straight line in th
A—e ; ’ Nein the same direction un
force is applied to it. This is Newton’s first | — u less some external

The tendency of bodi
- 1€5 Or ﬂb' 1 1 & ¥ - .
of rest or uniform motion is called ]?tts ?n remain in the original initial state

Position of rest then a ddenl] £
3 Passenger sitti g i Y_E arts to move from the
s happens due to the ingertia n:F %I-:z 1tu;:ﬂm.*5 in the oppesite direction. ,

. d
1S In contact with the trai mﬁ:f Part of the gc,g; :)};Et Passenger. Due to

inertia of rest, of M Motion he passenger which
Parts of the bud;j; *; ::‘;WL Thus, there js 5 w:;::?f as the upper part, due to
© opposite direction, € displacement of the two

L and ‘:ﬂnsequenttv l e NAaccomsas Laneas im
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Physics n

(ii) To remove dirt from a coat we hit it with a stick. On being hit the
coat comes into motion but the dirt, due to its inertia remains at rest and
1 gets dﬂl&fhl‘d trom the coat and Falls off.

(iii) Before takin?; a long jump an athlete runs for a while and then
jakes a leap- By running for a while he gains inertia of motion which helps
him take a longer jump.

(iv) While alighting from a slowly moving train one must run for a
chort while in the direction of the moving train and then let off the train.
when you set your foot on the ground, the lower part of your body comes
o rest instantaneously but the upper part of the body continues to move
. the direction of the train. Due to relative displacement you are liable to
jall forward and hurt yourself. If you run for a short while all the parts
of the body will be in the same state and hence there will be no relative
displacement of the different parts of the body.

Gecond Law (Law of Measurement of Force) : The rate of change of
linear momentum (p = mv) of a body is proportional to the force applied

and it takes place in the direction of the force. i.e{F = ep

d d (o '
or, F= k‘-’? - k%f:} = km ';—T, (here mass m is constant)
Where, k = proportionality constant
= kma (asa = do _ acceleration)

dl

If the proportionality constant k =1 then F = ma.
—= Force = mass x acceleration.

If F=ma=m ‘:: = 0, then no acceleration would be produced.

if the acceleration of the body is zero (a = ijﬁ = () then the body will

move either with a constant velocity or be in a position of rest. This implies

that in the absence of an external force the body either moves with constant
velocity or comes to rest. This also concludes that in the absence of an

*

external force the inertia of a body is conserved.

Third Law (Law of Action and Reaction) : To every action, there is an
equal and opposite reaction. Action and reaction act on different bodies.
Since their lines of action are different, the resultant force is not zero. This
is Newton's Third law of motion.

Examples : (i) A rocket whose mass decreases continuously due to
ejected mass in the form of gases during its forward motion.

(i) During firing of a bullet the gun recoils back with a great force.

(iii) To drive water boat forward the bamboo stick is pressed into the
land of water.

(iv) During pulling water from the well sometimes t

the man falls behind the well. .
Units of Force : The S.1. Unit of force is Newton. Forcesare defined by

Newton’s first law of motion and measured by Newton’s second law of
maotion.

he rope breaks and
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= i =1 k EII‘Id a= 1
ton’s second law F = ma. Here if m g Mete;
mﬁﬁth?en F =1 N. Thus 1 Newton is the force required to Produce a:l
acceleration of 1 ms™ in a body of mass 1 kg. "
The CGS unit of force is Dyne and IN = 10" dyne. ‘
Another unit of force is kg-wt which is also used for Gfat{ltaﬁg T
kg-wt is the force required resulting from the acceleration of Bravity o 4,
body of 1 kg mass. Thus by Newton’s second law, Force due to Bravity
Mass x acceleration due to gravity. The force of gravity acting on 4 body i
the weight of the bOle:"v']
Thus weight ( = mg. )
| Het:'e the Ealue of g (acceleration due to gravity_]z: 9.8 ms-2
Thus, 1 kg.weight = 1 kg x 9.8 ms? =98 kgms2=98 N

Linear Momentum and Impulse : The product Uf the mass of 5 Movin
object or body with its velocity (constant) is called Linear Momentym and
it is a vector quantity. _

us momentum (p) = mass x velocity
= p=muv.

The S.1. unit of the linear momentum is kg.ms™!

If any external force is operative on an object or a body for a very short
span of time, then the product of this external force and the time is caljeq
Impulse and the force is called Impulsive Force,

Thus Impulse (J) = Force x time interval

= I=F.ﬁ.f=%§‘ﬁf-ﬂp

=> ] =Ap = change in linear momentum.
Thus impulseis also defined as change in the linear momentum of
the body for a short span of time.
The S.1. Uni
kg.ms™!

(i) Cricket players while taking a catch move their
direction of the motion of the ball
minimum hurt.

(ii) In heavy and light vehicles springs and
installed to avoid exertion and for comfortability.

(iii) To hit nail in depth, a hea'.ry hammer is used,
Law of conservation of linear momentum

The linear momentum conservationis the Outcome of Newton’s second
and third law of motion. Under the mutual action and reaction of two or
more bodies, free from external forces, the algebraic sum of the linear
momenta of the bodies in any assigned direction remains conserved. Thus,

. Perative on a system of Particles or bodies
under the mutual action and reactio

_ il act : N of the particles, the m, mentum of the
system in any direction femains conserved. This is the agy of conservation
of linear momentum,

Example
(i) When a shot is fj red, the cannon recoils. This is an example of the
law of conservation of momentum,

) ere the system (Shor + Cannon) is
at rest with respect to reference frame fixed tothe earth. When a shot is

hands in the
to avoid maximum injuries and for

shock observers are
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fired with a velocity say v, it gains a certain velocity, say V and by the

Wity i
; conservation law the cannon must also ity i
: to, vation la also acquire the same velocity in the
:’ity “h?i] 1 opposite direction so that the algebraic m_m?}:f the momenta hemges ZeTo.
8ray,;, the 1f m and M be the masses of shot and cannon, then by conservation law of
lap = linear momenum;
Yig me+MV=0 g v=-"11Y
% - - M
2 - e sign indicates that V must be necessarily opposite tow. This velocity

of the cannon is called the velocity of recoil.

‘ (ii) In the pmccss‘t?f collisions, elastic or inelastic the total linear

by, v"'lg mm:nf:nlu';"r; before cr{IhEu:-n is equal to the total linear momentum after
ng collision. Thus, total linear momentum of the system of colliding particles

is conserved.
1E£m, and m, the two masses of colliding particles, u; and u, are the

vt_'lﬂ(‘tl!li"ﬁ of the respective particles before collision and v, and v, are the
velocities of the particles after collision.
v Ehurf Then by the law of conservation of linear momentum
Total linear momenta before collision = m w, + 1, i,

Total linear momenta after collision = m, v+, v,

Thus Wy My Ty Wy =y O+, D,

Elastic and Inelastic collision : When two particles or bodies directly
strike (collide) in such a way that the total kinetic energy and the total
linear momentum of the colliding particles during the collisions remain

m of constant (conserved) then it is called elastic collision. If the relative velocity
of separation and approach is equal for the two colliding particles, then

1 by the collision is said to be perfectly elastic and the particles of equal masses
: mutually exchange their velocities to each other after the collision.
But when two particles or bodies collide in such a way that the total
the linear momenta of the colliding particles or bodies remain constant or
f conserved but the total kinetic energy of the colliding particles system is
ar not constant (conserved) then it is called inelastic collision.
e Rocket Motion (A system of variable mass) : The basic principle on
which Rocket motion occurs or a Rocket is propelled is the Newton'’s third
Jaw of motion and the Jaw of conservation of linear momentum.
A typical example of variable mass system is that of a rocket motion
from which hot gases keep on escaping, thereby continuously decreasing
7 its mass. A rocket may use either a liquid or a solid fuel. In the former
case the fuel (like liquid H, or liquid paratfin) and a suitable oxidizer (like
0,, H,0, or HNO, ), stored up in separate chamber are injected into a
combustion chamber where the fuel is burnt. In the latter case, the fuel
itself carries its own oxidizer and hence a separate chamber is not needed.
In both cases large quantity of the heat of combustion is produced, which
largely raises the internal pressure and temperature of the chamber and
burnt up gases (like CO, steam etc) are pumped out from an orifice at the
back or the tail end of the rocket in the form of a high velocity stream

called the jet. Consequently the rocket is propelled forward (opposite to
the direction of the jet). Here the momentum lost by the jet of the fuel gases
must be equal to the momentum gained by the rocket.
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— e, =
; umber of rockets eitha,
uur:h(;fsﬂ‘:er or with the rear :’:rt
the three types, _the first stage
the last stage is ‘the smallest
ed first and when its fuel is a]]
ched and discarded, with the
further acceleration. This

P mbina
. rocket is ust a COmMBITE
A multistage in se,!ies or one inside

joined tively 7
of uneﬁzuthe nozzle of the _athe:i Ina

is the largest in dimension I:.'mril 1::] ;et b
and the lightest. The first s age G s dots

d it has done its job, i cin :
et g taking ove the task of PROGUSiUE UL i i stage rocke

i i d when its . . ach stage by the sam
m!? mnt:;n'ﬁtge:ztc;—lgt}' thus goes on mc?ﬁ:?fe?tcgnsump%ion};nd thru;:
::n:fm: as it does in a single stage mﬁkEl}e than for the third stage and the
for the first stage are about 100 imes mo the third stage.

: ied b
fuel stock carried by it about 60 imes T:;;af:;id jaxfmum velocity of
Any rocket (Single oo ca::lnnventional chemical fuels, cooling

i £ :

35 kg/sec due to limitaions O s incapable to put space satellites
inele stage rocket s 1n . P i 8

B T ape tough th carth's gravitation fiec Thus a

muft:;rage rocket is designed and fabricated to enhance and achieve a

greater velocity. '
The Apparent weight of a body in a lift or elevator.

Lift or Elevator
coming downwards

T Lift or Elevator
ED;?E ui;irds (Decreasing
e Apparent
weight)

Apparent ]
W'Elgh” /_w Man 2
The lift or elevator is a simple machine installed in various multiplexes
through which people are transported in multi storied buildings for the
business and other officials purposes.
If M be the mass of a man elevated on the lift and F be the apparent
weight of the man, then for the lift going u pwards :
F-Mg=Ma
= F=Mg+ Ma = M (a +g) [larger wt.]
Herea = acceleration of the lift by which it goes up or down and
& = acceleration due to gravity
Now for the lift coming downwards F + Mg = Ma
= F=M/(a-g)(Lesser wt.)
_ Thus, the man elevated on the lift ex
Own in going up and experiences Jesser weight

Types of Forces or Interactio
ns :
four types of forces— i

(i) Gravitational Force (ii
B ? u} W&ak F
(iii) Electromagnetic Force (iv) Nuclea{:r;fwce

(i) Gravitational For
ce : ;
(attracts) with each other whi::hI?WI-}r body in our universe interacts

of such interactions are due to the i vitation and the occurrence

periences larger weight of its
N coming down,

where in our nature there are

it is negligible for a li ‘ SEamong all exicés
ghter and smafl. ong all existing forces and
aller bodies byt becomes significant
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Physics 15

and cunsi:.!erahte in all celestial bodies. Since the value of Gravitational
constant U;-:} mt"ﬂ:‘ium:i in Torsion balanceby Cavendish was very small only
6.67 » 107" Nm“.kg™, gravitational force for smaller bodies is negligible
and can not be realized. :

(ii) Wffli Force : The concept of weak force came into existence firstly
in Yukawa’s meson theory when explanation of ff ~ decay was propounded.
in the atomic nucleus, electron emission (i — particle decay) takes place
spontaneously during the conversion of neutron into a proton by ejecting
a nmeson. This ® meson decays almost instantly into an electron (€) and
an anti neutrino (v).

Thus; n (neutron) — p (proton) + x! (n-meson) — p (proton) + &
(electron) f—decay + ¥ (anti neutrino)

Here neutron is converted into proton by the exchange of n-meson and
consequently interaction between electron (fi-decay) and antineutrino is
due to weak interaction.

(iii) Electromagnetic Force : Electromagnetic force operates on all
charged particles and provides atomic and molecular binding forces. Thus
electromagnetic interactions are charge-dependent (attractive as well as
repulsive).

The electric and magnetic forces compose the electromagnetic force

which acts by means of photon or quanta. If both electri etic
forces exist, then it is called Lorentz’s force given by \F = gE + quB sin
Where, g = Charge of the particle ek
|i i Al
E = Electric field strength b\“'ﬁu 9

v = Velocity of the charged particle
B = Magnetic field intensity
@ = Angle between velocity and magnetic field

(iv) Nuclear Force (Strong Force): Among all the forces found in nature,
nuclear Torce is the strongest force which basically exists within atomic
nucleus between _Emmn—pmmwtnn-ﬁ?utmn, and neutron-neutron
within the range up to 10 meter. Experimental evidences of the nuclear
Pm&f that nuclear forces are primarily attractive, non-electrical,
non-gravitational (not central forces), extremely strong but spin dependent
and the magnitude of the force is same for proton-proton, proton-neutron
and neutron-neutron. Explanation of the nuclear forces was given in detail
by Yukawa's Menson’s theory. Some scientists also assume that the nuclear
forces originate through the mutual interaction of two quarks.

Comparison among four types of Interactions :

Interaction Relative Carrier particle Characteristic
magnitude Time

Nuclear (strong) 1 T —meson 10%sec

interaction

Electromagnetic 107 photon 10 %sec

interaction

Weak interaction 10M Intermediate Bosons 107'Ysec

Gravitational 10-¥ Graviton 10 *sec
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yarious forces act
bﬂd}' forces s Fero

If on & these
Fope resultant o:-ael:;uﬂibrium state and

_ a d force.
boui' js said t© b:: incalled a palance
the A fa:u‘t";-’]ﬁ |t equilibriu™
ﬁCﬂ --------- il
I ) F], " F: -l"F; PR
hl
o D30 — S Wik ballbe
i=1 ¢ on abody WO or more “rc?*‘ operate in gy 8 from comin
ynbalanced Fﬂﬁ c:} starts tO sy towards any fOrce, then the fyrfl  sliding fric
ylo - lanl:.‘Ed orce. : (iv) It
1 way t.lﬂi body 18 called un!:;l;acnmmﬂn experience that when 5 solid-solid
acting O% | Force : It is it eventually comes to rest. This 1 whereas it
i Frictlons _ otion on the floor 1t & d this force is called frjqy:
(body) is set in mo rce retards its motion an Tictiona. Advantag
t an opposing ;3 : | (i) 1£ ¢
lh:T ; p— Jvitational nor elastic in nature. This force alsg) wheels w
This force is ne:l!"el' E-henevﬂ ¢ a body slides over another body, el @'
occurs in pair. Acius \; force 1o each other along the 5“ff‘5‘fﬂs Of contagy | .
body exerts 2 ;nmn?‘ﬂeﬂr h body actsin a direction opposite Lo its mog ﬂn: . Disadval
The frictional force O €3 T - ses, the force of friction acting on it gle | G) !
As the motion of a body 0 and tool
increases. y oo : : : | N
F 'W'I'I'Ius, foree of friction (F o is directly Pmporhunal to its normal reaction (g), macgﬂ\'
F,« R or, F,=puR=pumg. _ TR
1 ».-.{hﬂlf isa J‘;:v::r:sti.au'lt and called coefficient of friction. dlstﬂét;
m = mass of the sliding body Frictional AR ‘ | path o
g = acceleration due to gravily force —"’D"’Eﬂ_iﬂﬂ | 2[r ac
Types of frictional forces p of motion Seekir
(i) Static frictional force J < ‘\ accele
(ii) Kinetic or sliding frictional force = TR hasa
(iii) Rolling frictional force Y mg ' ie.in
; fil' IFSt.m':: fri?iunal force: If a body kept on any surface tries to move cons!
u{e any fnmf applied on it but doesn’t move, then the force operative within has ¢
surfaces of both is called static force of fricti hich i ]
applied f : e ion which is equal to the
pplied force but in opposite direction. '
(ii) Kinetic or sliding fricti
s : g frictional force : If a bod .
:gf}:ﬂg or moving uniformly, then the force actin w'{i in ;ny v
Is called kinetic or sliding frictional g within the surfaces of
(iii) Rolling Frictional fo {:?a —
rce : X
:::fi&*}, then force acting within th:‘bofd}' rolls on another body (or | to.
lst:n:-l f?ﬂ_-e_ surtaces of both is called rolling | cir
alic torce of frieti
force Uf fn i F lCtm“ > K[nEﬁE or + 4
kinetic an;:;?ﬁ’f- > > 1, Here: i sliding force of friction > Rolling . =
Characteristicsmffi:lmﬂn' "My I and u_are called coeff. of static,
A 0 -Ctiﬂnal f b
1 - Orces
it ;} The frictionay forces a0t th
epend on ”'E'fr ot C ing Wlthln the tw ci
€ surfaces, act area, rather 4, o surfaces of the bodies do |
€Y depend upon the nature 0 P
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; ~ static force of Frice; .
) ‘he static TICtion is (.
« the least or the smallest. the hargesy and the

< 7 €eN two rubk:
peant’ called fubf?mm is used which i gE:t:mg Surfaces, 5 Suitable g
R aurfaces. This ensures smooth fu"c“nntirally Ntrodyced = il or

i . ng of ueed between
yachine and prevents them from gettling unf‘lul tl;:. different "
Y heated. 1,

n sarings intery :

with pball ::: infcf directercfﬁtbﬂween the surfaces, Thus it pro.. lubricany
lﬁ'““ con I o th : niact and lhE‘ kiniﬂ'lf fncti " Tevents ‘h'l‘l'n
Jiding friction a atis why force of friction, dimin O converted ingq

(iv) It is also observed that foree
i J-solid is the largest while in liquid-
;‘.h ereas it is least in soﬁd-gas surfaces,

ﬁdvanﬂﬁeﬁ
(i) If the force of friction doesn't exist on the
vheels will start to slip and would ultimately dur::d Whee el
(ii) Due to the forces of friction man stands and moves
pisadvantages 1

(i) Due to the forces of friction, energy i _ _
and tools and ultimately the machines ﬂrergd];;;;:m much in machines
(i) Due to the forces of friction the inner components (parts) of
machines generate tremendous amount of heat (thermal energy) which

distorts the machines.

Cent:ipetal Force (Real Force) : When a body moves on a circular
th of radius r with uniform speed v, then an acceleration of magnitude
#/r acts towards the radius and it is called Centripetal acceleration (Centre
seeking) or radial acceleration. But by Newton'’s second law of motion, this
acceleration is produced by a corresponding force (every accelerated body
has a force) called Centripetal Force directed inwardly towards the radius
i.e. in the direction of acceleration. Thus a body of mass m moving with a
constant speed v (uniform circular motion) on a circular path of radius r
has a magnitude of the centripetal force.

But F = mass x acceleration

liguid j

icles un,

2
mu m '[;:’ rz_ e ,"ugzr ('_' D mr}

where, » = angular velocity of the body. v

Thus centripetal force is a real force acting on 'llth body o
to maintain a circular motion or to remain on a circular track. Without 1
circular motion is not possible. |

The centripetal acceleration always acts radiall
velocity (linear) acts tangentially outwards. | s ae e

Thus the centripetal — acceleration and ;':jqea;- r“:nm:éch P
bodydescribing a circular motion are perper ‘ft” f:t e, divection, of
throughout the motion. Also at each and every Ins :lmﬁw tangentially
centripetal acceleration (radially inward) and its Vv

outward) change regula rly.

y inwards, while

-3 == —



mm] S e -
.on the body moves on g . S8
circular moli d variable velocity (egn. o8
- at each and every instant, 5, (it
n of velocity) 'f‘ also prog,, ¢
it . iform circular motj ed
chang® hing a un : on |
I.'duf'l_::ﬁ a body descﬂtvpfs of acceleration-one centy; th ]
ly. Heriences two & another tangential acce] E"ﬂﬁnn'

Z e
. ble centiiPe™ . hanges
ntial V&4 e direchio

o TREGEN

X . and

in F dially inward

rim*h"-’“'wﬂrd' gl and tangential accelerations, the,,
the .;enlr;ll;":he body in uniform circular motion Woulq
tr:i'xP ssed as below " (@) — t
gleration : 1 ()12
Rﬁu[mnﬁcwml acel. (@)]
= /|centri ’

o o= s @)’

The nature of the centnl
forces like Gravitatmnal forces,

Fli.'tﬂ] force is not different me.ﬂther Drdina

Frictional forces, Electrm‘-tah_cal Columbiag,
- ot but it is simply a way of duz:scribing [']‘IFE behaviour of a force

forces :il;h- for the maintenance of the circular motion.

WFP::;mplcﬂ . (i) In the planetary mut{ons of s]:m and ]:].rlan;ts af‘fl _alsn n

the orbital motions of planets and satellites (botl niﬂl'uril fﬂn artificial) the

Centripetal forces are counterbalanced by Gravitational forces.

2
Thus; % = g—g—# = mw’R (- v=wR)

(i) The centripetal force is necessarily equal to the force of friction of
the wheels of the vehicle acting on the contact surfaces at the Overturning
of the road.

2
Thus; ﬂ’,p— = UF = pumg
where ji = coeff. of friction.

(iii) An orbiting electron experiences a centripetal force about a massive

nucleus which is equal to the electrostatical forces of attraction
Thus

. om? 1 (Z)e 1z
RS 2 e, 7

where, ¢ = electronic charge, Ze = ch

arges on the atomic nucleys-

= otiona centrip
7 actson the body
I5 confined on the .C
then he expe
lorce and (),

o etal force (real force) of magnitude
"N inertial frame (N

’ on-a . -
iIrcumference ceelerati ng). Butif an observer

. ; of a i

:lt-.t'nfﬂs a fictitioys force ;:};J,c‘rcular path (track) anywhere
2 O its fiepin n NPT ’
1S centrifuga) fn::rces ?:“fmus existence & Outwardly called centr ifugal

- i F it is I
whose mapn a fictitioys also called a pseudo force
: ghitude js o Sforce apnearing - pseudo force.
dutrcre;_ﬂu it. This force‘?'ilsfﬂf to that of e f;tr;mg 0 i dnarbial Garte
A Virtual jma i notthe Teaction, pPetal force but oppositely

Why it is also force th Ly force of th .
call ; = at 4 € centripetal nature
ed an Inertia] forcejppﬁ'ﬂrs b}’ the Virtue of jngrﬁ 2. That's
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w: (i) If a man is travelling in a car in a straightlinepﬂhatﬂ
the car suddenly turns right, then the man realises a severe shock (push)
towards the left. This happens because as the car turns, a centripetal force
around the radius of curvature of the path is generated which is counter-
balanced by the force of friction of the wheels of the car. But this centripetal
force is not balanced by the man, so a shock is felt by the man which comes
through the virtue of inertia. This is the required centrifugal force which
acts outwardly.

(ii) The person sitting in a merry-go-round realises an outer push
tangentially due to the appearance of a centrifugal force.

In the study of any physical phenomenon, the position of a system or
body is made to be fixed and the distances of other bodies are measured
called reference frames. It is of two types (i) Inertial {Nun*aca:elerating)
and (ii) Non-inertial (accelerating).

Inertial frames are those in which inertia of any body remains
conserved. Thus this frame is either in rest or in a uniform motion in a
straight line i.e. no force, no acceleration concept exists.

But if the force or the acceleration exists in a particular frame it is
called non-inertial. Newton’s laws of motion are applicable only in inertial

frame of reference.

Application
Centrifuge : A device by means of which light particles and heavy

particles are separated to each other.

(i) Cream Separator : In a cream separator, a vessel containing milk
is rotated fast. Being lighter the cream collects in a cylindrical layer around
the axis, whence it is drawn off and the skimmed milk is drained through
an outlet fitted on the wall of the vessel. The particles, whose density is less
than that of the liquid, are driven towards the axis of rotation and those
whose density is greater than that of the liquid are driven away from the
axis. Cream is lighter than milk, so it is separated from milk and collected

at the axis.
(ii) The Centrifugal Drier : In laundries wet clothes are dried by

packing them in a cylindrical vessel with perforated walls which rotated
with a very high speed. Water particles stick to the cloths with a certain
force which is called adhesive force. The water particles are not sufficient

to keep them moving uniformly in a circle.
Torque or Moment of a force : The
turning effect of a force about a point or a line
is called the moment of force about that point
or line which is called the axis of rotation. The
turning effect of a force is dependent on the B ¢ T
magnitude of the force and the perpendicular ¥ '
distance of its line of action from the axis of , ;

rotation. :
. g B = | 1‘

Thisas b e L el ” ot P
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is of rotation.
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(M=r x

where;

f@=angle between
position vector.

The moment of a force or Torque is a vector
quantity and its S.1. unit is N.m

Examples : (i) For the equal forces as far as
larger distance from the hinges of any door it will
] be needed to apply some more moment of force and
correspondingly the tendency of more turning will be
appeared. That's why handles are installed and fixed
at a larger distance from the hinges of the door,

(i) The handle of a quern is kept distant from
its pivot because through a smaller force (effort) the
handle can be easily turned out (rotated).
(iii) Hand pumps of water have larger handles
Couple : Two equal and o i y
1 Pposite
as the product of the force and the co
' Thus; couple = force x couple
= F X d

uple arm,
arm

| The couple is 2

e body either in clock
. _sion of the moment of force jg
The dl:'f:-l':ﬁ or tends to turn the body,

sidered as a positive (+ve) di
gnitude of the force, there
of force. Thus turmning e, s

ger moment of force and its Perpend;

as the product of the force an
Force x its perpendicular iy,
from the axis of rotation, ce
— The moment of the force or torque
F =rFsin®

= Fr sinf

_l'ly
Oy

Ct i
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d —
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nother point weight is carried
““ pow Jack are the examples

- ——

21
out. Th[" Iuﬂ"«"l‘r‘ I-.,

of simplu ulley, Inclined Planes and
mMachines are cquipments '

carried by applying a lesser force.

Machines

cis are
1‘!-“1 {"I-ﬁfii““f}' of “'I‘l]('hinl' is gi‘vf_»n by___
Efficiency of a machine . Work done by the machine
nput energy provided by tha v . % 100
TI“_1 L"ff:il.‘,‘it‘l“lt‘}* l‘lt- g}. p ldtd h}r thE rn-achlnu

any machine can never be 100

Lever: Leveris a simple machine in which a strai
i" mﬂ\jt‘ iy lul."l'l 0or l‘ﬂl;llt‘ al a }'!Oint fI'E‘l;.‘ : :
(here are three points namely

fir
s

sht or an inclined rod

Iv or inde

A pendently. In every |
— Fulcrum, Cifort and Load. e
Examples : Tongs, Nut Cracker, Scissors et

F'g_l.g;_u_;l‘l 2 'I_'he fixed point about which the rod of the lever moves
independently is called Fulcrum, )

Effort : To use (operate) lever the
Ettort.
Load : The weight carried by the lever is called Load.

force applied externally is called

Theory of Lever: The basic physical principle on which a lever operates

is that the product of effort and effort-arm is equal to the product of the
joad and load-arm.

Thus;  Fffort x Effort-arm = Load = Load-arm
Mechanical Advantage of Lever : The ratio of the load carried by the I
lever to the effort applied is called the mechanical advantage of the lever.
Load or weight (W)

Thus mechanical advantage = T

Types of Levers : On the basis of the relative positions of fulcrum,
sffort and load there are three types of Lever.

(i) First Type of Lever : In this type of lever the Fulcrum (F) is at
midway between Effort (£) and Load or Weight (W).
Load or weight (W)

Effort (E)

AF _ Effort arm

~ BF  Loadarm
Example : Scissors, Brakes of a bicycle, balance etc.
A F B
T
' .
(ii) Second Type of Lever : In this type of lever the load (W) is at

midway between the fulcrum (F) and the Effort (E).

_  Load (W) _ AF _ Effortarm
Mechanical advantage = 'E_h__—ffort (E) _ BF Load arm

Mechanical advantage =

Scanned by CamScanner



- - General Science
Such levers Provide more than one mechanical advantages since
AF = BF

Example : Nut cracker, Lemon
tobaco cutting machines etc.

E
L B F
A l A
- - w
(iii) Third Type of Lever : In this type of lever the Effort (E) is located

at midway between the Fulerum (F) and the Load or Weight (W).

Mechanical advantage = =0ad (W) _ AF _ Effortarm
Effort(E) ~ BF Load arm
de mechanical advantages of less than 1,

€rs are used and utilized to enhance the

squeezer, movable door on hinges,

Such type of levers provi

since AF < BF. Sych lev
slow motion,

Example : Tongs, plough of the farmers,
AE

hands of a man etc.

B, 2

w

~ Centre of mass : Every physical system of particles (body) is associated
with a certain point whose motion is characterised by the
whole, and when a system moves u

the action of a system of parallel forces acting on the elementary, Masras -
concerned. If a body (system of particles) is composed thmugh a nuses s
of particles, say n of masses ™y, m,, m, mber
..... m, located at the distance (position
vector) ry, 1y, ry .....r, then the position of
the position vector r_ is defined as

. B .'.?‘Il l"l +mz I'2+H‘13 r],....+mu l""

cm = Q :
T"l + "11 . "!3 asspa lﬂu

Centre of Gravity : The centre c_;f gravity of a body (system of partiq
rigidly connected together at a point where the whole mass of the Cleg)
or the system may be supposed to be concentrated s0 far ag avity (¢ y
of attraction due to the earth) on the constituent particles the Oree
or the system is concerned. Also according to the principle of R labﬁdy
gravitation every particle of a body near or upon the surface of o : of
is attracted towards the centre of the earth. The vectorial Sum o _“arth

all ..
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attractive forces on the particles is the total force with which the body is
attracted towards the centre of the carth, This force is called the weight of
the body and the point of application of this force is called the centre of the
gravity of the body or the system.

Foralarger body centre of gravity and centre of mass are two different
points but tor a smaller body these two are a coincident point.

Centre of gravity of some rigid bodies

Bodies Position of the centre of gravity (C.G.)

Unitorm bar (rod) Mid-point of the axis passing through the
_ bar or rod.

Imangular solid body The intersection point of the medians.

Rectangular or Square Solid The intersections points of the diagonals.

Circular Lamina Centre of the circle.

Conical Solid
Al -}I"‘ height on the axis of the cone from

its base.
Hollow Cone
e one At ;"’ height on the axis of the cone from
its base.
Solid Spherical body Centre of the sphere

Equilibrium of Bodies : When a body under the action of several
forces neither moves in a straight line nor rotates around a point then it is
said to be in equilibrium.

Conditions for equilibrium : (i) The vector sum of all forces acting on
a body along any assigned direction for translational equilibrium must be
zero, Thus no linear motion occurs,

(ii) The algebraic sum of moments (torques) of all the forces acting on
a body about any assigned point or line for rotational equilibrium must
vanish (being zero). Thus no angular acceleration must exist.

If three forces acting on a particle as shown in the

tigure are capable of being represented in magnitude Fs
and direction by the three sides of a triangle taken in .
order, they (force) produce an equilibrium. “F,

Types of Equilibrium : There are three types of
equilibrium (i) Stable equilibrium (ii) Unstable equilibrium (iii) Neutral
equilibrium,

(i) Stable equilibrium : When a body is in equilibrium in such a way
that a slight displacement from this position produces a restoring force
tending to return the body to the previous equilibrium, then body is said to
be in stable equilibrium. In stable equilibrium the body possesses minimum
potential energy.

(ii) Unstable equilibrium : When a body is in an equilibrium in such
a way that any displacement from this position produces a force tending
to push the body farther from the equilibrium position, then it is said to be
in unstable equilibrium. In this equilibrium position the body possesses
maximum energy.

F
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is in such a state of Uil
Wt};*?;;’;fﬂin it (bod :ﬂq eXperiences p 8
tly from 'arce then body is said to be jp 48

scting [oTss tial ene %
force nor @ qf,-g::;nﬁﬂmimm the poten T8Y of the
~In this equ?

Unstable
equilibrium

MNeutrial
Equii.ibt'ium

Stable
m,'uilihri um

is said to be in stable equilibri,
> -thu gr:a “:;m::;:]uiigé]b;::ﬁynls below as possible, n
Wh:Jnn::-i;:I :‘!ndfli[‘rl'lﬁ.fﬂr the stability of L"-‘ff"”"b" num-—
(a) The body must have minimum potential em?rrgy.
(b) The vertical line through the centre of gravity (c.g.) of the body
must pass through the base of the bac.l}t . o
Examples : (i) The tall Tower of Pisa is extremely inclined for ap
observer and it appears that it may fall down al any moment, but it never
falls. In fact it has been surviving (existing) since centuries. The reason for
its stability is that the vertical line passing through the centre of gravity
(c.g.) lies within the base of the tower.

(i) A double-decker bus is found to be in danger of overturni
more passengers are seated on the upper deck. If there are more passe
on the upper deck, the c.g. of the system (bus+ passenge
upward and the stability of equilibrium will be reduced.

(iii) A man carrying a bucket complete] filled of w;
The man leans outward to attaj pletely hiled of water leans forward.

forward the vertical line thro
passes through the base of the s stem (man + bucket)

ng if
ngers
r) will be shifted

3. Work, Power and Ene

rgy
stant force F 4

Work : When a con
particle takes place | ctsona
done by the force is def; in the direction of
and the distance x thro

Thus the work (W) = F.y

the force, the work

tof the magnitude of the force F
article moyes,
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abe the angle made by F with the line of motion

[ 5
Jefinition of work; W= (Feos ) - x - of the particle, then

F- -
. he (x cos B)

v, work done by a force = force x displacement along the force
ke 2 )

work is @ scalar quantity and the SI unit of Work is N-m which is called

0 :
w“ﬂw value of the work will be maximum at = (°

and minimum at 6 = 90°
= wﬂﬂl‘l =Fx
wmiﬂ =0
power The power of an agent is defined as the rate at which work is

\ne. The average power delivered by an agent is the total work done 5
di::: agent divided by the total time interval,
t

work done (W)
time interval (1)

Thus power (P) =

The instantaneous power of an agent is P = aw

dt

The S unit of power is watt; 1 watt = 1joule =1 N-m
sec s0C
The power of Machines are expressed in Horse Power (H.I") and
1 H.P. = 746 watt.
watt-second (Ws) - It is a unit of work.
watt-hour (Wh) - It is also another unit of work.
= 1Wh = 3600 Joule.

Kilo Watt-hour (kWh) - It is also the unit of work (energy)
1 kWh = 1000 watt hour
= 1000 watt x 1 hr.
= 1000 watt x 3600 sec
= 3.6 x 10° watt sec
= 3.6 x 10° Joule

Thus, W, kW, MW, and H.P. etc. are the units of power;
while Ws, Wh, kWh, etc. are the units of work (energy).

If the force applied on a body is not constant, rather varies with

distance, then the total work done by the force = work (W) = [F cos 8
dx

(==

=

The work done in stretching a spring through a distance x = _ kx°,

where k = a spring constant.

Energy : Energy of a body is its capacity of doing work. In

Mechanics (General Physics) a body is capable of doing work under two
arcumstances—

2]

(i) When it is in motion and (i) When it is situated (located) in a field
or when it is strained.

Thus two types of energy usually coexist— one due to the motion
and the another due to the field or position.
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otion acquires a linear o
h is called kinetic 'E“Ergy'

ibi m
describing
ng work whic

Ene : ;
and Mla; a capacity of 4
: ing ave
bﬂd}; pe the mass of the body having
Em
{he body is BIVen by 2 5
K.E. = 1y = Lmo)" = 2
Eo=3 .
body 15
jass of the1 d) <
ill become double, while if enlherrve:-nt 1y,
;::: i d:u‘iﬂe its K.E- will become ou
y is :

locity v, then kinetic E“Ergg,;

.« p = linear mome
(o p line Lntum‘:ﬂlu'j

made double then its kinetic )
ty or linear momentum o
s as that of the origina).

1f a body develops & capacity of doing work g, o

F“_'?"“'I ﬁﬂfﬁ is called the Putentml ene'rgy of the bﬂdy
its position or ’ ¢ the body and /i be the height or Pﬂﬁ-l.llﬂn of the hndy
If m be the mass © ravity is operative, then potential ENEIZY of fhe |

leration due to gravity,

Jhere acceleration due t0 & O
l: dy is given by PE. = mgh. where; g = acce
ndy i ’ penetrates through the target s
by the target. This is the Kg, o |

When a bullet strikes (hits) a fﬂl’ff;:—‘f ;:i

4] - » i ﬁ fﬂrce ﬂ l" :
works againgt e o work it can do in being bruught to rest |
works due to its position in the fie]g

the body and is measured bz tl]:in h
he body is kept in a field, 1 : :
sl g f energy is obviously the same as thay

This is obviously PE. Thus the unito

of work.
Conservative and Non-Conservative forces : A force is said to be

conservative, if the work done by it on any particle that moves between two

points depends only upon these two points and not on the path followed.

A force is non-conservative if the work done by the force on a particle
that moves between two points depends on the path taken between those
points. Thus a force is said to be conservative if the work done by the force
on a particle in a round trip is zero. A force is said to be non-conservative if
work done by theTorce on a particle in a round trip is not zero,

Examples: The Gravitati st i
- f e Gray llahuna[‘fnrce, Electrostatical force, Adhesive and
=ILe JOICes elc. are conservative forces. Viscous force, frictio 1 for :'
damping force etc. are non-conservative forces. ‘ S
Law of Conservation of E . .
nergy: Ener -
forih to-ano Mg &Y gy may be transformed from
any body n:'h ::S?:I:ll: T:)t bt: o dor destroyed and the total Energ::l;
A" nstant. Also whenev - £
disappears, then the same amount of ener s any energy in any form
&Y appears in another form. This

servation of en
: ergy.
Transformation of Energy .

Thus, if the n

Electri
Heat§

Solar Cel) = Ti'ﬂnsfnrmﬂhun of Energy
Dynamo ::Ia; Ehergy into Electrical energy
: echani
E’fl'ftm: Motor El iflmctal energy into Electrical energy
- Microphone éctrical energy ; '
Biiiia BY into Mechanical energy

ene i
‘8Y into Electrica] energy
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pquipments [ Instruments  Transformation of Energy

Loudspeaker Electrical energy into Sound energy
Musical Instruments Mechanical energy into Sound energy

pulb/ Tube Electrical energy into Light energy

Heater Electrical energy into Thermal energy
\_,Cfndle Chenu:]al ﬂ::r;;gy into Light energy and
Coal Chemical energy into Thermal energy
Electric Cell Chemical energy into Electrical energy

Heat Engine Thermal energy (Heat energy) into

Mechanical energy

4. Gravitation

Gravitation is the weakest interaction or force among all the four types
of interactions existing in our Universe. Each and every body interacts
(attracts) each other by virtue of its mass. This is called Gravitation.
Newton’s Law of Gravitation

In our universe the force of interaction acting among any two bodies is

directly proportional to the masses of the bodies and inversely proportional
to the square of the distance between the bodies.

If m,, m, be the masses of two bodies at r distance then according to he
Newton’s law of gravitation

1
Foem,m,, F .
r
- F=G-122
2
where G is called Universal Gravitational Constant
= 6.67 x 107" Nm’kg 2

Gravity : As in Newton's law of gravitation the forces of interaction
exist among any two bodies, but if in these two bodies one body is the
Earth, then this gravitation is called gravity and by this force of gravity the
Earth attracts everybody towards its centre. If a body is projected upwards

freely, then due to the force of gravity it falls back.

Acceleration due to gravity (g) : If a body is dropped freely and it
executes a free falling motion, then as the body comes near the Earth’s
surface then its velocity increases and the acceleration produced is called
acceleration due to gravity. If m be the mass of any body describing a free
falling motion then due to the presence of force of gravity the weight of the
bady = mg.

where g — 9.8 ms™? or 32 ft 52 = acceleration due to gravity (Near the
earth's surface)

In SI unit ‘g’ is expressed in ms? or N. kg™.
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i Gravitational Constant (G)
to gravity & a homogeneous solid sphere ﬂf

to be Ming
prﬁdrﬁal mass m be (located) on the surfac, of g

Relation
acceleration due

M, and another body ©
earth.
Then the force of int

G M,m
eraction on the body of mass m = . :
f the earth ;

= mdiuﬁﬂ *
where K, d law of motion.

ow, by Newton’s secon ,
:m:e =};‘nerﬁa! mass * acceleration = mg
G M, m
Thus — — ="M§
R

(4
GM,
o, g£= 3
R,
(Here, we assume that the inertial mass is equal to the gravilaﬁgnal

mass.) ve
Obviously, the value of the acceleration due to gravity (g =950
m/s%) doesn’t depend upon the mass of the body. Thus two bodjes 1.:.;.
different masses (if air resistance is to be negligible) fall freely and g,
(both) have the same value of g near the earth’s surface. Thig shge?
that if two bodies of different masses, shapes and sizes are dropped OWs
vacuum from the same height, then both will reach the ground I:su_rfm N
simultaneously. In the presence of air, the viscous drag, buoyancy et e
motion (free falling) of the bodies are affected and thus the I'us-{;‘:fr C. the
comes down earlier than lighter body. vy b(}d}'

Variation in acceleration due to i
gravity (g) : At i .
at the sea-level the standard value of gis %;’r{ﬁ /s? Urtgze fl? ,h;:;e ot4S

But the value of g is not constant and varies from |

. lace to p]
(a) Due to the spheroidal (Ob] . - place.
iy ate Spheroid) shape of the earth

.
~>  and since the ial di
= €quatorial diameter is larger

than the polar diam t
: eter, th .
than that in the polar ngiu:_ value of g in the €quatorial region is less

5/ 8 = max. (At poles) .

o =min. (At equator)
ue to the axij] i

kept on the oo rotation of th

th's € earth ; :

earth’s rotation the i:::ﬂie atany place whose I];; b{’d}’ of mass m is |
anged weight is (}, ‘81t of body jg observed tude is A then due to
PParent wejgh N g ; to have changed. This
In fact the |,
0 ;
€arth's rotatigy; < CTIDES (traces) ,

and

As derived aboye 2=

Scanned by CamScanner



The expression of the apparent weight is

derived as—

Apparent wt (mg ') = mg = mw? r cos® A

Thus, apparent acceleration due to gravity

=g'=g—-wrcos’h
But at the pole & = 90°
== g =g (max. at the poles)
At the equator h=0°
= ' =g—w’r(Atthe equator)
Obviously, if the earth stops to rotate then
w=0and hereg'=g
f the earth’s rotation increased 17 times of the present value, then the
weight (apparent wt.) at the equator will be zero.

Obviously, the value of g increases on decreasing the value of angular
velocity of the earth and vice-versa.

{c) With distance from the Centre of the
representation of the variation of g with
distance has been displayed— A

The value Gf@ﬂ the centre of the
earth. It increases linearly with distance
up to the surface of the earth and then
decreases rapidly and again becomes
sero at infinity. The acceleration due to
gravity g is maximum on the surface of

r=Recosh
w = angular velocity
3 = latitude of the place

Earth : Here the graphical

O (centre of
B oo the earth)

the earth.

(d) Variation in going up from the earth’s surface and coming down
from the earth’s surface.

(i) The value of g decreases in going up. If any b
from the earth’s surface, then the value of g decreases an
given by g'=g(l-%~’-)

Lol

ody goes h height
d say g’ which is

ing down. If any body comes

also decreases in com
e value of g decreases and we

(ii) The value of
the earth’s surface, th

down to it height from }
sayitg’ which is givenby g'=8 (1 - HRL)

[4
ming down inside the

Remark : The value of g from going up or o
n in coming down.

earth decreases but decreases more in going up tha
Applications of the variation of g
(i) Ifaliftor an elevator goesup with any acceleration @, then the man

sitting in it experiences a larger weight than that of his original.
Thus, apparent weight = (mg + ma) (increased wt.)

where; m = mass of the man.
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tor comes down with any acce]

’ if a lift or an €leve ight -
mf:aj tﬁ;ﬁ:::,iiltit?nlgl in it experiences & lesser weight than thay of J.
a,
original. ot = (mg —ma) (decreased wt.) ! Thus;
Thus apparent weight = witha constant velocity (noacce '
; ; Eratj
e ) [
up or down 1 _Eﬂ ) duwnwﬂﬂi the rope af 'lhE lift or Q[Evatﬂr '
(iv) If during coming : rs and the sitting man expe : Thu
broken. then a free falling motion 0¢¢t Périence
weight lessness. i Obn
Since during free falling @ = & the '“-'-1;
wt. = ma=mg depen
Thus apparent @ - mg—mg =0 lesser v
(v} If the value of the acceleration @ of therlift or elevator during COmip e Ii“::
downward became more than g, then the sitting man on the floor of g, 13
would escape on the roof of the lift. © lifg 799k
Asifa>g then apparent . = mg—ma< 0 =-ve . :‘
Thus apparent wi.(-oe) physica[ly activates the man upwardly T
man comes on the roof of the lift (elevator). and T
Planets 1_nd1 Satdliles : Planet:;' are the celestial bodies revolvi
around the elliptical orbits of the sun in our solar system. But the h R
bodies revolving around the planets are called satellites. The Ea T_??Eni.‘r'
planet of the sun and the moon is a satellite (natural) ;}f th £E1 39 e
planets and satellites draw their ligh . e Earth. The
s draw their light and energy from the sun b
have no energy of their own. There are so many artifici oospercrly
Geostationary satellites, S u;‘n'k I ; el icial satellites like_ |
have been launched in "ra Pl Aryabhatta, Rohini and Apple which
Bl o rious orbits of the earth. Various com N
Sputnik orbiting around the Earth, R th
putnik-l was e : e
scientists. the first artificial satellite launched in 1957 by Russi the
sian
Orbital Velocity - (T
revolves around antgrth.e:f b;dhudy 2y, 2 satellite)
Iht“'l'tflﬂfily ﬂf u'le W\'ﬂiuﬁnn .Ftl{lﬁa _' thf_‘ Eﬂrth] t!‘lEI‘l
ﬂrbl:il velocity. ofthefirst body is called
t m be the v
earth of the :‘1255 of a satellite orbitin aro | si
Vt'loﬁ'lyj and let R b:ThMr ""'lﬂ'l vElor:i[}; v, (o ;l-nd ". i
Here, gravit ¢ e radius of the Earug Fa ! g
CentﬁPﬁ’tal ational pull on th ’ g
. orce necessary tq keep th € satellite - ¢
Thus —-—_A_‘_f:’_"_ __my ¢body on the Circular tr i
(R +n)? (R + )
Where J' . h M
* "= height of
a t
nd g = acceleragi he sateljjge fro
tion d m th
ue to : e Earth’
= Y = orbit] ~ O BraVity on the Eargre T 0
Velocity ~ \/E'i’f_,‘ arth’s surface
R +h
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hig R GM
Thus; v, = fﬁ‘g—fg =R, J-ﬁ—aﬁ; ( E"——z‘g)
Ccele, et ¢ R,
ahum

Now, if h = 0, Then y, will become the orbital velocity of the earth.

to 8
XPerigoets TS )= R, [ 5 = VR,

Obviously from the expression of the orbital velocity of the satellite,
the value of v, doesn’t depend upon the mass (m) of the satellite rather it
depends on the height (1) of the satellite, and the larger the value of h the
lesser would be the value of v, But satellites having various masses with
the same orbital radius have the same orbital velocity.

£ u:zh_"g The value of orbital velocity of the earth and a geostationary satellite is
lifg 7.99 km/sec. (approx. 8 km/sec.)
Period of revolution of a satellite : The time required in which the
" satellite completes one rotation is called the period of revolution (T).
Y ang ; ?
. . _ Perimeter of the orbit
- Thus the period of revolution (T) = Orbital velocity :
in 3
ﬂ:l."en_]‘y _ IJ{{Rri.IF} - 2.1[Rf+h},,:‘Rt+J: | Iﬂ(Rr-l-fﬂl
Is the v - R R
s the o R 3
g - g 2R gy
hich R, Jg 0 e R +h
ition Obviously, the period of revolution (T) of the satellite is independent of
the mass of the satellite. Rather it depends on the height of the satellite from
SEAn the surface, and the more the height (h) the larger the period of revolution
(7). ;
The period of the reyolution of the earth or a geostationary satellite is
84 minutes.

Geostationary Satellite : A geostationary satellite is a communication
satellite which revolves from west to east and whose period of revolution
is 24 hrs equal to that of axial rotation of the earth (earth’s spin). Such
g satellites are stationary and are located at 36,000 km height from the earth’s
surface. Geostationary satellites (Communication Satellites) transmit
signals across larger distances by receiving these signals from one point on
earth’s surface and reflecting them down to the another point. In order to
provide a stationary target for the transmitted signals, these satellites must
remain stationary at a point above the earth.

Utilities : (i) The electromagnetic radio-waves are reflected and
transmitted and various programmes on the television are displayed.

(ii) Itis utilised in radio transmission and telecommunication.

(iii) The Meteorological Department uses it in weather broadcasting
and in earlier predictions of the floods and droughts.

T
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Escape Velocity : The escape velocity is the minimum ;
of a body through which it is Projected. It goes beyong Egmmd ~elocy
pull and never comes back.
If m be the mass of a body projected from the earth’s syurf,
R, and mass M,_,

the kinetic energy of the bod
gravitational potential energy.

) 1 2 GM m
Thus, E mn' = R'

R where p_ = escape velocity
Gm,
But g = =

R

naall Mo IE"*’*"IrTE'F'*’-' velocity = /2¢ R, =11.2 km/sec. A
This implies that if a body is thro
velocity of 11.2 km /sec, then the

arth’s surface
v,=./28 R,
and the orbital velocity of the body around the earth vy=/gR
= Ur = -fi !Jn

Thus, if the velocity of an orbiting satellite close to the earth is inc
V2 times or 417, then the satellite will leave the orbit ang will escape,
In other words, if the kinetic energy of

an orbiting satellite js doubled
immediately, then the satellite will escape. Th

e value of escape velocjty is
maximum on the sun and itis614 km /sec. That's wh i i
H,, He etc. do not ]

(rms) velocity for
Weightlessness in
satellite the whole o

the existence of the atmosphere.
side the Satellites

: In the artificial (man-made)
£ the gravitational pull provides

ness inside the artificial satellite. That's
\ pendulum experiment cannot be performed and everything
inside the artificial satellite is weightless. Also for the same reason food
stuffs of astronaut are Supplied in the fo - If any cosmonaut tries
to drink water from a glass, th

to d ; because as the glass is
inclined water js spread out in

en he cannot do it
But on the moon a cosm

the form of droplets
onaut never fee

t Is weightlessness because due
© tremendous mass of the moon 4 ravitati i i Luy
onal 1 ~t of the
earth) and so he or she doesn’y feel Eweighueﬁszef: e b
The value of acceleration dye g the gravity on the moon’s surface is
ﬁm of the value of accel

eration due tq Bravity of the earth’s surface.
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Kepler's Laws of Planetary Motion : Kepler gave
three laws regarding motion of the planets around the

sSuUmn.
(i) First law (law of elliptical orbits) : Each planet
moves in an elliptical orbit around the sun, the

sun being at one of the foci of the ellipse.
(ii) Second law (laws of areas): The radius vector of any planet relative
to the sun sweeps out equal areas in equal times, that is the real
velocity of the radius vector of the planet is constant.
(iii) Third law (harmonic laws): The square of the period of revolution
of any planet around the sun is proportional to the cube of the
semi-major axis of the elliptical orbit. i.e. T? = a.
where; a = semi-major axis
Obviously, those planets which are far away from the sun have a large
period of revolution. The planet Mercury which is nearest to the sun has
the period of revolution of 88 days while Neptune, which is far away from
the sun, has the period of revolution of 165 years.
5. Properties of Matter
Matter : Matter is the substance that occupies space and has mass and
it is perceptible to the senses. Matter is one of the two basic components of
the physical science in which the another component is being energy. The
distinguishing properties of matter are gravitation and inertia. Any entity
exhibiting these properties at rest is matter. All material bodies have mass,
which is a measure of inertia and every material body near the earth’s
gravitational field interacts by the virtue of its mass.
Thus two types of masses—inertial mass and gravitational mass remain
in existence by their proportion of equality.
The broad classification of the matter is given as below—

Maltler
v
Physical Classification Chemical Clrasaiﬁcatinn
|
\] \
v v v Pure substance Mixt
Solid Liquid Gas : e
Homogeneous Heterogeneous
Element Compound
—
Metallic Non-metallic  Organic Inorganic

The physical classification separates matter into three categories—
Solid, liquid and gas-known as three states (phases) of matter. But today
p_liﬁ_nla, which appears in gaseous or ionized state is actually comes into
existence during a thermonuclear process and which is composed of
charged particles, is assumed to be the fourth state of matter.
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Important characteristics of the Matter

Solids - Elasticity
Liquids - Pressure, Floatation, Surface Tension, C“Pmarity

Viscosity ’
Gases - Atmospheric Pressure

(A) ELASTICITY
If a rigid body is in equilibrium under the inter-mgimlar £
Fces of

attraction, whose magnitude depends upon the s Ack
molecules, and an external force is applied, then 4 r?ef}ﬁt:emt:{f U‘fe
rce is

develo which causes a change in the relatjy :

mnlecu];::. Hence the body chang%s its shape or si::.;ﬂ-al?:tﬁ be;ween H.w
to be deformed. When the external force is removeq the new i?.: it 1s said
brings the body to its normal or original state. The Property Df '3::‘ force
by virtue of which it recovers its original shape and sjze when the e thu qy,
force (deforming force) is removed, is called the elasticity of the bo.; T

A perfectly elastic body is one that recovers its original size and iha
completely when the external force is removed. Thus a perfectly pi, pe
body is one that fully maintains its altered size and shape when the ef e
force is removed. Actual bodies behave between these two limits, Nut;ro"':ﬂl
recovers completely its original size and shape after undergoing very la 7
deformations. e

A body is said to be rigid if the relative position of jts constituent

particles doesn’t change in equilibrium but on applying an externaj

force a slight relative displacement takes place. In practice no bodly js
perfectly rigid.

Elastic Limit : The maximum limit of the external force (deformin
force) by applying on a rigid body, elastic characteristics are maintainedg
is called elastic limit. Different elastic limits are to be found for differen;
bodies. P

Strain : When a body suffers a change in its size or shape under the
action of external forces, it is said to be deformed and the corresponding
fractional change is called strain. The strain is a ratio and it has no unit, no
dimension. ,

There are three types of strain— longitudinal (linear) strain, volume
strain and shearing (shape) strain.

Stress : When external deforming forces act on a body internal forces
Opposing the former are developed at each section of the body. The
Imnat%‘mtudgqu t}w Internal forces per unit area of the section is called stress.
o : ecl';ft'b:"“m state of a deformed body, the internal forces are equal
furcespggr lueni? tahe EKtEI‘I‘Ia{furces_.ThUSI stress is measured by the external
ML T2 and its l:f.'tsuf their ag’Pllﬁﬁnn. The dimension of the stress is

"sare N/m® (SI) and dyne/cm? (CGS).

Shear:
g Chan;:;‘:]’?:ﬂ Ei!:‘ti;nailj forces are Operative tangentially on a body, then
9o € body occurs and it is said to be sheared. A shear

is numerically equal : :
distance from ﬂ-u:.»:l fixedomtll:-?az:_ho of ‘the displacement of any layer toits

-
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stres 8 Proportiony oS SXperi

a Mally obsaryeg 3
Thus, _Stfess « Strain, E?:;dea the strajn 1?:,:1:“;‘1 in elastic Jim;y
_—3 .
This is called Hoqgr, ,  Strain =2 Onstang, (v, .
modulus of elastic; ke’ . The <o ung's Modulus)
and it is diffemnt fo 4

body and Nstant of P
r di depen
there are three differe; \t a

: Supo.nth ; t'_'{ iS Ca.“ﬁd
Rigidi tYpes of elastic?typf YN in the sapme pe oL Of the
igidity modulys. oung’s mog fifg B::illi:tenal. Usually
¥ mﬁd
() Young’s Modulys . s and
along only .

: one direction N equal ang Opposite f
that direction is called longiet:dt‘he ch g€ in le’l':‘)gfs}l  urne Y on.a bod
unit area of crogg- inal or |

: Y
3 h Per unit lEngtI'\ alﬂﬂ

section ig ., ar strain and the .
Here the ratio called longi, oree

. dinal acting per
. of Inngntudinal s SRes,
Young's modulus of the m

¥ and lon itudinal .
aterial of y} ltudinal strain is calleq
If L be the length and 4 be the ¢r body.

: if its 1
PPOSite forcos i, apl its length be

plied along its
Longitudinal Stress

£
A
Longitudinal Strain = AL

, F
Thus Young’s modulus for the material of the body v = -4

Th ' g "
€ unit of Young’s modulus is same as that of stress N/ m?(SI) or
dyne/cm? (CGS).

(ii) Bulk modulus : W

hen a uniform pressure is a plied all over
surface of a body then the volume of the body ::hangpes. The

volume per unit volume of the body is called volume strain and
pressure is called normal stress. Thus the ratio of
strain is called bulk modulus of the material of

Let V be the volume of a bod
AV when the pressure on its surfa

change in
the applied
normal stress to volume
the body.

y and let it be diminished by an amount
ce increases by Ap, then

Normal Stress = Ap and Volume strain = AV

1%
Thus Bulk-modulus for the material of the body.
-Ap  Vap
“Tav T Tav
V g
The converse of the bulk modulus is called compressibility. The

negative sign is assigned because volume decreases when the pressure
Increases,

idi : i red, the ratio of tangential
(iii) Rigidity modulus : When a body is sheared, ’ e
stress to sl-ﬁ:armg strain is called rigidity modulus of the material of
body.
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of the surface

General Sdence
* ABCD g
f a cube of face area 7
be a section © -
s Jower face be fixed and the upperﬂ s
. a tangential force F. Let

h - -
iﬂ:ﬁugh which its vertical sides have

m t‘l,l.l‘ﬂl‘d.«
Ih‘:n Hngﬂﬂﬁﬂl stress =
and shearing strain = ()
F

rial of the cube is (p) -._g_

=lm

Thus rigidity modulus of the mate

Poisson’s ratio : When two equal and opposite forces are appliag
to a body along a certain specific direction, the body extends along thaf]

direction. At the same = | iy —
time, Bt alio contraclts: @00 o A4—g—— — _ ———

along the perpendicular F | p Yoiap -
direction. The fractional B e TR i

change in the direction < I+A ——

along which the forces
have been applied is called longitudinal strain, while the fractional Chﬁnge .

in a transverse (perpendicular) direction is called lateral strain.
The ratio of lateral strain to that of longitudinal strain is called poisson’s
ratio. It is a constant for the material of a body.

If a wire of original length | and diameter D is subjected to equal and

opposite force F along its length, then the length ofiti
the diameter decreases to D — AD, & it increases to [ + Al and

Now, longitudinal strain - % and lateral strain = AD
D

Pressure is defined a5 the force

applied Per unit surface area.
Thus, Pressure — LEE[':_";EEP"Ed

3 A surface
vamuﬁl}r, the pmssurer:uraiﬂfbtg?ﬁ::iaﬁ
Oral

il ] .~ larger force and smaller area
- 1Lis a scalar quantity, pressure is N/m? which is
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Physics 37

Pfenure applied on liquids : The pressure on the liquid surface is
experienced due to its weight exerted everywhere. Usually molecules of
a liquid are in a random motion with different speeds in 1
different directions. If a liquid is confined in a container, | -
then the molecules of the liquid collide with each other S
and also with the walls of the container (vessel). Due to it :
on the walls of the container and on its bottom (per unit :
base surface) exerted pressure is applied. =

In order to evaluate the pressure exerted on any point of the liquid at
height ) of the liquid density p, the required pressure will be

Force due to the wt. of the liquid
Area of the surface upto which liquid is confined

_mg Vpg Ahpg :

p:

Where, V' = Volume = Area x Height (Length)
& = acceleration due to gravity.
Thus, p=pgh
Obviously, the liquid pressure is directly proportional to the density

of liquid. Also the pressure exerted on the liquid doesn’t depend upon
the shape or size of the container.

If on the free surface of the liquid atmospheric pressure be operative
then the total pressure exerted will be

= Atmospheric Pressure (P) + pgh
Some observations and conclusions regarding liquid pressure
(i) Atany point inside the liquid the pressure exerted by the liquid is
directly proportional to its depth from the free surface. |
Thus, as shown in the diagram the pressure will be in a
decreasing order for the points a, b and c.

Thus, p, > p, > p. Where, p_, p, and p_are the
respective pressures at the points a, b and ¢.

(ii) At every point and in every direction the
pressure exerted inside the liquid at rest is same. If a
number of holes are made after filling the container
with liquid, then the liquid will be released from every
hole with equal pressure.

(iii) For the same horizontal surface any liquid at
rest exerts the same pressure at all points,

Thus; as shown in the diagram
Pr="Pq=Pr
Where pun pg and p, are the
Scanned By Eamseanner - 0 O and R




General Science

ce of the funda
nat““’l mnse?aﬁr:vhifh states that the .

3 iquid is transmitted undimj, .
.~ and it i fa confined lig! ct undiminished . .,
. fluid mechnf“hem in amass mass 50 as to @ at
exe rted anyW

: hout the to the liquid. According y, o8
in all directions throug o vessel :::f:ﬁﬂf:a confined mass of liquiq W

W container. This law g g;, W

f the nta ety

ery large fo [1-.‘[ tl:ier;:;-;’: ?’1‘(-‘55' Hydraulic Brake, Hydray
arasav 2 f Hy 0

Lift etc.
Effest id. substance increac,
bﬂﬂnshpﬂ;f;g the solid substance if the vwluﬁmn; c;::::"'t increasesand .-.-
ea : I : 3
l}uenﬂli;y the application nfsﬂﬁ:r ete. But while on II:?ﬂ?l“E thﬁf solid.
versa. Examples - wax,f the substance decreases, then E}':t Eal;‘Phcaf_;'_
substance if !]t-;e w;:lr]l;n;;ﬂ int decreases and vice-versa. Examples — m'I
of pressure 1 m . ; |
bismuth etc. a liquid_increases or increasing the pressure on

The hﬂﬂlﬂw
MSM' the boiling point of the watey

: ic pressure T
is ItIIIl‘:}"Jlr Ciinll:-ﬂeif Eziﬂafeﬂcgg&:gg Ishen its boiling point becomes 125°C.
(C) FLOATATION _

Upthrust or Buoyant force of a liquid : j'NhE“ a body is wholly or
partially immersed in a liquid at rest, the liquid exerts P Tl
part of the body’s surface which are in contact with the ﬂuu:{. T € pressure
is larger on the parts immersed more deeply. So the thrusts exist on all
sides in upward direction called buoyancy or buf:s}rant force. The L}pthmat .
or the buoyant force acts on the centre of gravity (c.g.) of the displaced
liquid by the body which is called centre of buoyancy.

Archimedes’s Principle : Archimedes’s principle states that when a
body is partially or fully immersed into a fluid at rest, the fluid exerts an
upward force of buoyancy which is equal to the weight of the displaced
fluid. Here the apparent weight of the body is equal to the displaced fluid.

Fluids are those substances which can flow, the liquids and the gases

both are fluids. Archimedes’s principle is valid for both liquids and gases.
Applications :

(a) The relative density of any solid
- wt. of the solid in air
‘Apparent w. of the solid T
’ e solid in wat
(b) The relative density of any liquid o
_ i - W of the solid in the liquid
_PP-' Wt. of the solid in the water
sity is a Pure numb
DEnﬁity = —*—M—a_s_s____

e ) =

€r and it has no unit.

Vo]ume -
Relative density = de density of the object
Note : The dEnsity of wa nﬁ_lt}’ of the Water at 4°C

ter is Max, at 4“C.
Al
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g - atIf a bod .
Ifloatation © * 32 Sody tends to sink
pediately DECOmE Operative — the weight (W) of the
¥ the upthrust or force of buoyancy (W ) upward
Here three cases arise. Y

@) U W>W"ie the wt. of the

body is greater than upthrust,
then the body will sink.

@) If W= W"ie. the wt. of the
body is equal to the upthrust,
then the body floats inside the
liquid.

[iii} 1f W < W’ Le. t}'l’E wt. of ﬂ'\E
body is less than upthrust, then
the body floats partially in the () W>W" (i) W= W (iii)) W< W"
}lqu_li and the upper part of the body remains outside from the

iquad.

Also for a body floating partially the ratio of the following must hold
The density of the body
The density of the liquid

_ Total volume of the body inside liquid
Total volume of the body
Application:lfapieceoficefloatsonawatersurfacethenits1/10% partof

thetotalvolumeremainsabovethesurfaceand9 /10% partremainssubmerged.
Thus the densi the ice is 0.9 gm/cm® The density of the pure water
1g/cm?® of{1000 kg / m?) O the principleof these applications the quantity
ofwater i impure milk is measured by the Lactometer.

‘Hydrometer : The hydrometer is a device through which the relative
nsity of fluids (liquid or gas) is measured.
The law of floatation : When an object floats inside a liquid, then the

apparent wt. of the object is equal to the liquid displaced by the object. The

centre of gravity (c.g.) of the object and the centre of gravity (c.g.) of the
displaced water lie in the same vertical line.

Thus, the wt. of the displaced liquid = Upthrust or force of
buoyancy = Apparent wt. of the object

Examples of Archimedes’s principle and law of floatation

(i) The ships of iron and the boats of wood float in water but the nails
of iron sink. The special design and shape of the ship and the boat
through which wt. of displaced water are more than the wt. of the
ship and boat, due to which more force of buoyancy becomes operative
and the ships or boats float. But the wt. of the water displaced by the
nails is less than the wt. of the nails that is why nails sink.
(i) Life saving belts and submarines operate on these principles.
Meta Centre : The centre of gravity (c.g.) of the displaced liquid by a
floating body is called centre of buoyancy. The vertical line drawn from the

centre of buoyancy of the displaced l,iﬂuid.mtersects the vertical line passing
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the body. This point of imer“ ’ 'L
f gravity {cifcf:i;fis said to be in a stable equjjy, on |

(above) than its centre of gravity (c_mllh-. .
ter a piece of ice is floating, then 55

the water in the container is &EZE \

as varlier (original.)
Conditions of eq
~ (i) The wt of th
displaced. i
i) The c.g. of the body
i o bﬂﬂ}*aiqu must lie on

prium of a floating body |

ili

and the c.g. of the displaced liquid (centr, of
the same vertical line.
required for the translational equilibrium and
) second for the rotational equilibrium of the body.
: libri . iti f the metacentre relative

ity of equilibrium : The position 0t tf to the
wnisr:-';.;g:it;?c.gq} of the body plays a ﬂg"'ﬁﬁfjf role in the stability of
the equilibrium of the body. When the metacentre lies above the C.8. of the
f body, then the body is in stable equilibrium and when the metacentre lies
1 below the centre of gravity (c.g) of the body, then the body is in unstable

The first condition is

j equilibrium.
! (D) SURFACE TENSION
|

Cohesive force and Adhesive force : The most basic constituents of
the matter (substance) are molecules among which intermolecular forces
exist. The forces (attractive) operative among these molecules are called
Cohesive forceand it is larger for the solids. That is why it has a definite size

j But in liquids the value of cohesive forces is very small and it is neg]igiblé

i for the gases that is why gases diffuse. The forces (attractive) operative
among the molecules of two different substances are called Adhesive £

Due to adhesive forces water wets the substances and et b

Blackboards by the chalk letters become visibl 0 s e

e. For a solid-liquid pair if

4 value of adhesive force is greater than the cohesive force among the
[

e e
; :q':;‘:: me:-hu:e:,ah then this liquid doesn’t wet the solid but if adhesive force
liquid wets solid.

esive force of the liquid, then

Possible surface areg a4 Permitted by the i
e cir

This propert

Y of the liguid ie

by the - liquid is ¢q))

y force per ypijy length of li:S ;l:;'face - lon and 't is measured
wn

Perpendicularly 1o i
1 l i l

tending to pulf e g1 ANgENtially 1o he . 1quid surface acting

€ Surface apary along th the surface of the liquid and

Thus, Surface Tension (T) = o

The surface
over the smayy t

Cumstances of the liquid mass.

tension of the )1

fe range, seslinearly vyigh, temperature
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Physics 41
Thus, T=T,(1-at)

where, T, = value of the surface tension at 1 °C T
a = Temperature coeff.
Surface tension is a vector quantity and its SI )
unit is N/m i.e. Nm! t —

Note : The value of the surface tension becomes
zero at the critical temperature.

Surface Energy : Every strained body pos potential energy. Thus
surface of a liquid behaves also like a strained system and hence the surface
of the liquid also has a potential energy which is equal to the work done in
creating the surface. This energy per unit area of the surface is called surface
energy. The surface energy of a liquid is numerically equal to the surface
tension. Thus, surface energy and surface tension both can be expressed in
Joule / meter?

The free surface of the liquid tries to acquire the minimum area due to

surface tension and that's why rain drops, liquid drops, drops of mercury
etc. are spherical.

Angle of contact : When a solid body in the form of a tube or a plate is
immersed in a liquid, the surface of the liquid near the solid in general is
curved (concave or convex). The angle between the tangents of the liquid
surface and the solid surface at the point of contact, inside the liquid is
called the angle of contact for that pair of solid and liquid.

™y

d )

Pressure Inside a Soap bubble and inside a liquid drop : The pressure
inside a soap bubble or a liquid drop must be in excess of the pressure
outside the bubble or drop because without such pressure difference, a
bubble or a drop cannot remain in a stable equilibrium. Due to surface
tension the bubble or drop has a tendency to contract and disappear
altogether. To balance the tendency to contract, there must be an excess of
pressure inside the bubble or drop.

The excess pressure inside a soap bubble = %

Where; T = Surface Tension
R = Radius of the soap bubble
and the excess pressure inside a liquid drop = %
Where, T = Surface Tension
R = Radius of the liquid drop
For a soap bubble two surfaces are taken under consideration upon which

surface tension is effective, while for a liquid drop and for an air bubble
one surface is assumed to be effective for the surface tension.
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tension
Some incidents and facts related to surface
(1) A thin little needle can f::;t ::: :vhaem:u o
(5 ts u
(i) Soaps and Detergen

(i) Through the soap solution 8 &
' il (K-oil) th
On a spray of kerosene oil (K-0i _
ﬁﬂlndarnisq::.ﬁmeﬁ sink into the water a.nd d::. .
(v) Hot soup is tasty (delicious) because its sue a
it spreads uniformly on the mouth-tongue.
h stick to each other due to

(vi)The hairs of shaving brus
on drawing it out from the water.

(E) CAPILLARY ACTION OR CAPILLARITY

When a long glass tube of very fine bore called
capillary tube is dipped into a liquid, then the Il"-:lm_":l
rises or depresses in the tube. If the angle of contact is
acute (less then 90°) then liquid rises and if the angle
of contact is obtuse (more than 90°) then the liquid
depresses. It is called capillary action or capillarity.

Generally the liquid which wels glass rises
upwards and the liquid which doesn’t wet glass
depresses downwards.

When a capillary tube is dipped into water it

rises, while in the case of mercury it depresses.

Let us suppose r be the radius of a capillary tube,

T be the surface tension of the liquid and p be its

tension of the watep o

clothes are thereby cleaned up- reat bubble can be produced as 3

tension is reduced ang

reduces its surface tension. o surface tension of water redyggy

surface tension

Water rised

(liquid) density. Let if it rises or depresses i height

rz.?];'m!;{! or, h=21cosB
~ hpg rpg
Obviously; a liquid will rise the most for the least

versa.
For pure water and glass 6 = o
For pure mercury and glass; B = 135°

If a capillary tube be of height less than h, then

. Exan.lples of Capillarity:
(i) Blotting paper sucks tq ink due to the sm 1l
a
(ii) Through the wicks
capillary action,

(iii) In the branches of
plants and leags
transported through the capillary actt].,"

of '
of K-oil lamp, K-oi] rises into

€ water and nyy
on.
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or depth then the radius of the tube is givenas: Mercury depressed

where, 8 = angle of contact

radius and vice-

owrﬂu;nv: The angle made by the liquid surface with ?;':3 f;g;:ﬂadmtiu
ry

equalises to the weight of the liquid raised in the capi;?'ﬂ‘s atdil;mable and
ary tube,

which act like the capillary tubes, holes (pores) of the paper

the wick due to

tritional salts are

(iv) Int
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(v) Jus
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. h&marfiﬁcial satellites (in their state of wei tlessness) if a capillary
(iv) tube is dipped into water, then the water willg:i\ne upto its full height.
(v) Justafter heavy rainfall farmers plough their agriculture lands to break

the capillaries form by the soil so that water doesn’t come upto upper
surface and the soil remains wet (wetted).

(F) VISCOSITY

if the layers of a fluid (liquid or gas) slip or tend to slip on another
layers in contact, then any two such layers exert a tangential force on
cach other. The directions of these forces are such that the relative motion
petween the layers are opposed. This property of the fluid to oppose
relative motion between its layers is called viscosity. The forces between
the layers uppﬂsmg.the r_elahve motion between them are called the forces
of viscosity. ‘Thus: viscosity may be thought to be an internal friction of the
ﬂuid in motion,

Let us suppose a liquid is flowing as shown in the figure (i) and AB is

the ground level at which the lowermost layer is at rest.

—_— o

— |

— ——

— — =1 <
— > -

= > —

— — - ok

— - =

mmTTﬂmmmm

A B
Fig. (i) Fig. (ii) : Velocity distribution curve

As we move from the lowermost layer to upward the flow velocities of
the liquid layers go on increasing and the uppermost layer has maximum
velocity. Thus every lower layer has lesser velocity than consecutive upper
layers and others. In fact every upper layer tries to drag forward every
consecutive (adjacent) lower layer, buta lower layer tries to pull consecutive
(adjacent) upper layer backwards.

If a liquid flows in a cylindrical pipe or tube as shown in figure (ii) a
velocity distribution curve is obtained which is parabolic and the velocity
of the mid. Layer is the maximum and decreases for other adjacent layers.

Thus, viscosity is the internal characteristics of liquids and gases
which are produced by the cohesive forces of the molecules. When the
liquid flows a relative motion among its various layers start due to which
the distance among the molecules increases and it is opposed by the
cohesive forces and thus viscosity is produced. But in gases viscosity is
generated due to molecules transfer from one place to another. That is why,
in the gases viscosity is less than that of the liquids. In liquids viscosity is
also measured by their concentration. The liquids which are more dense
(concentrated) have more viscosity. Examples - Glycerine and Honey have
Mmore viscosity than water.

Due to viscosity in air the cloud particles come slowly and clouds seem
to be floating,
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) i i i ﬂ‘e Ell'l] Pa_'[am
ThEEDEfﬁdEﬂthVlﬁfﬂﬁll‘}'lﬂ y eter

Cnefﬁlﬂg It::r?sgiig:nf the fluid is measured. Leta 11:3:!!::! I:E flowing
;INT I%:; :ruund level and letvbethe b‘;::]lﬂs:i g e
of layer at a distance x from the ; Hn+§;1
v + do be the velocity at a distance X + x._ dx I.—————PD

Thus, the velocity differs by dv in goIng *—>

through a distance dx perpendicular to it . ;
ATSSSESTRRSEERIRRINESSNN

Here, ? is called velocity gradient.
. $ . i fen an
served that the viscous force acting ‘betw . di'ah\fn
o the velocity gradient ax)®
the area (A) of the layer.

Newton ob
adjacent layers of the liquid is proportional t
the direction perpendicular to the layers and

dv

Thus,Fo:Ag ==rF=—r|AE

where; 1 = a proportionality constant called coeff. of viscosity. Negative
sign indicates that the viscous force opposes the relative motion.

The SI unit of viscosity is N.Sm™ and its C.G.S. unit is dyne. Sem™,
However poise is another SI unit of viscosity which has been given in the

honour of the French scientist Poiseulle.

\aAlso, 1 poise = 0.1 N.Sm™2

The viscosity of the liquid falls very rapidly
with rise in temperature. But no actual theory T
of temp. variation with viscosity has been until
developed. n

The viscosity of a gas increases with rise in ! »
temperature. .

Stngamlim: flow or Steady flow : The flow of a fluid is said to be
streamlined or stead}r_lf the velocity at every point in the fluid remai
;:!::1!1;!!113 Eglh in magmt}:de and direction and the energy needed { dﬂ]l'IS

¢ fluid being used up in overcoming the viscoys drag between itq{;aynve
- s layers.

Say a particle

the tangents to those points, is ¢
a streamline is a curve and
of the fluid-flow at that poi

Turbulent flow : In the flow of anoth
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+ andmm“:ft}“’mrg}ftﬂdedmd' y ; bul _
d setting up eddies and whirlpools. rive the liquid is now dissipated in

O. Reynolds determined the value of the critical velocity v,_for a liquid

Lok
\\\-‘“_‘& as; U = F!'l Where, n = Coeff. of viscosity
- P = Density of the liquid
: dpt“’“ r = Radius of the tube in which liquid is flowing,
‘\dr) in k = Reynold’s number in which liquid is flowing.
er This is N -
] is is called Reynolds formula. Here k is called Reynolds number,

its value is very high and usually it is represented on a logarithmic scale.
For a narrow tube the value of k is 1000. Obviously for the flow of liquids
of higher viscosity and lower density through narrow tubes tends to be

Bati i
Ve steady or orderly (streamlined) whereas that of liquids of lower viscosity
s and higher density through broader tubes tends to be turbulent.
i _ Principle of Continuity : If an incompressible (const. density), non-
the viscous, fluid flows steadily

through a tube of non-uniform
cross-section, then the product
of the area of cross-section and
the velocity of flow is same at
every point in the tube.

Thus, in a particular tube
if A be the area of its cross-

= section and v be the velocity
of flow of the liquid at a place
be (point), then according to the
1s continuity principle; Av =
e Constant
5. Thereby, for two different places (points) in a tube as shown in the
e figure,
’ A=A,

Usually the principle of continuity is a fundamental law of fluid-flow
and it is a special case of the general physical law of conservation of matter.
Also we can conclude that in a steady compressible flow the velocity of
flow varies inversely with the cross-sectional area, being larger in narrower
parts of the tube and vice-versa.

Bernoulli’s Theorem : This states that for all points along a streamline
in an incompressible and non-viscous fluid flowing steadily, the sum of
pressure energy, potential energy and kinetic energy per unit volume is
constant.

Thus, if p be the pressure energy per unit volume, p be the density of

the fluid, h be the height from the ground level, then by Bernoulli’s

theorem,

e —
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“ = f the fluid
the Pﬂ!ﬁﬁurf' ﬂ. 1 'E'\re“

+ pgh) represents the fluid. The term 1.

FIAEE, t. sq;?’it is called static pressure o rtue :f its velnme' % o2
fluid is at res of the fluid and by vi ty v iy is

represents thg pressure e .
called dvnamic pressure of the flu AT - o

Thus, Bernoulli’s theorem or equation et =i

Static Pressure + Dynamic Pressure = CD;S - i T

a ¥ w n_ge =

In fact, Bernoulli's Hw;:em is nothing but the g —vation of | 'i;‘:‘
energy for an ideal fluid. o _ il
Applications : (i) Venturimeter This 1|Ln5t:-mmz}-ntf 131 bf;gsec{ Upon b
Bernoulli’s theorem by which the rate of flow (speed) of the liquid (say i
water) is measured through a pipe. o s
(ii) Pitot Tube : This instrument (device) is based upon Bernoulyr Th
theorem which measures the rate of flow (speed) of the gas. to
(iii) Dynamic Lift : This device operates on the principle of Bernoujjg U

theorem and in it the force acts on a body such as an air plane wing, 5
hydrofoil, a spinning ball, the spinning shot of a rifle by virtue of its motigy,
through air.

(iv) Often in a sea if two water boats are moving parallel to each o
and come close to each other, then the velocity of the water behind the two
boats becomes larger than the individual relative velocities of the boat and
consequently low pressure regions develop and the boats collide.

(v) 1f a Cyclonic storm comes, the roof of the tin foils are flown awa

i
! because the pressure of the outer surface of the roof h
: as low i
w-lmtyr} than that of the air inside the roof in a closed rnir:w!:e Seah
change in the pressure takes place. -
1: Terminal Velocity and Stokes’s th
| . _ eorem : When i
4 under gravity through a liquid (or gas), the layer of th: l;j:ll.:ftli hu{:crlc}c; f:, :
ntact

with the body moves with the v
_ . elocity of the bod i iqui
' :I:g::dma{:ﬁthe {’e;r distance from it is af rest. Thus, tif; :0}:1E — i
: On between the layers of the liquid. This is ngnizldl:m;la
¥ . y E

dri*.'ing force of the bod
it is called Terminal Vf'fif—;r;e body then falls with aco

by - 4
=5 (p-
Where, 3700~y 21 b-0)g
“fﬂsmau; ~ "€TMina] yg ty; This :
* CD
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en jr
i.
_ i:'m? (G) ATMOSPHERIC PRESSURE
is The gaseous layer which surrounds the earth is called atmosphere. It

is held on the earth by the action of gravity. Atmosphere is a mechanical
mixture of the gases namely nitrogen and oxygen and some other inert gases.
The pressure of t!'!t*se gaseous mixture of atmosphere is called atmospheric
oF ressure. As gravity is the only force acting on the atmosphere, the pressure
on tht_? atmosphe;:e is obviously the weight of the vertical column of air
of unit cross-section and height equal to that of atmosphere. Firstly the
atmospheric pressure was evaluated and measured by Von Guericke.
Normally, the atmospheric pressure is the pressure réquired which is
exerted by the column of 76 cm of Hg at 0"C and at 45" latitude near the sea.
. Thus we can also say that atmospheric pressure is the pressure equivalent
to the wt. of the column of 76 cm of Hg for unit cross-sectional area.

Unit of Atmospheric Pressure
Column of 1 em of Hg = 1.33 = 10° Pascal
1 Pascal =1 Newton/meter
~TBar = 10° Newton/meter®
1 Millibar = 10* Pascal
1ttor =1 milli Hg Pressure
~133.8 Pascal .

More appropriately; 1 atmosphere = 1.013 X 10° N/ mﬂ)/

Thus, the atmosphere exerts on us a pressure of 1600 kg, but we don’t
realise pressure. The osmotic pressure of the blood and mineral water of
our body exerts an equivalent pressure that's why we don't feel external
pressure. At the earth’s surface (near sea level) on reaching a distance of
110 m upwards, atm. pressure decreases by 1 cm column of Hg.

In hilly area it is difficult to prepare food because of a fall in pressure
on the hill and the boiling point of water correspondingly rises up.
Consequently the latent heat of vaporisation of water decreases too and,
that's why the difficulties occur. The phenomenon of ink overflowing from
the pen of a man sitting in aircraft at higher altitudes, the phenomenon of
bleeding through the nose etc. are common interesting incidents.

Barometer : The barometer is a device by which the atmospheric

ressure is measured. Fortin fabricated and designed the barometer on
the basis of Torricelli’s theorem. It measures the atmospheric pressure
accurately and by the help of Fortin barometer weather related activities
are predicted. When the indicator of a barometer suddenly falls, it is
the indicative prediction of the appearance of a cyclonic storm, but if its
indicator falls slowly then the possibility is of the coming of rain and
if the indicator inclines upward slowly then there is a possibility of the
appearance of a clear day.

Due to large size and some other drawbacks, Fortin barometer was
replaced by Aneroid barometer which is compact and convenient and in it
no liquid is used. The frequent use of Aneroid barometer is customary to
measure the altitude of various places. The device Altimeter operates on the
basic principle of Aneroid barometer by which altitudes are measured.

The Standard Atmospheric pressure is the pressure required of 76.cm

of Hg column or 760 mm of Hg column, which is Equivalent to 1 atm.
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A Mu:z: motion that repeats in,
i ot ; i f the earth

iodi tion and Oscillatory m . e motion o )
fi:;dr::ﬂr: ?:f time is called periodic m?hng'f-{:e piston of an engine,
:E::::t its axis is a periodic motion. The motion o I an atoryehe. B

. ele s :
he motion of a pendulum, the motion - thE] of time after which motion
:h: examples of periodic motion. The :nter}'adidty of the motion. In 1 sec
is repeated is called time period (7) or er::?'] The relation between time-

repetition of the motion is called frequency

P (e fequeney e - g d forth over the same
If a particle in periodic motion moves back‘ alzl T e

path, it is called an oscillatory (vibratory) mgm:; Sl mguor- i

SimPrlE pendulum, sonometer wire, atoms at lh? a g

mass attached to a spring etc. are the examples o pl?r . I i

i i otion : Simple Harmonic Motion (5.H. -

i g ion i directed towards a fixed

defined as motion in which acceleration is always dir iy

point in the path of motion and is proportional to the displa

that point.
Characteristics of Simple Harmonic Oscillator _ .
(A) If an oscillator execu ting S.H.M passes through a fixed point
(mean position) then
(i) No acceleration exists or acceleration is zero and thereby no force
comes into existence and no work is done.
(ii) The potential energy of the oscillator is zero but the kinetic energy
is maximum.

(B) If an oscillator executing S.H.M passes through the extreme point
(end point) then

(i) The acceleration js maximum and thys acting restoring force will
be maximum,

(ii) The oscillator ins
zero) thus kinetic C
maximum.

wherek js 5 constant and =~k cts:on the article
point 0 18 the displacement of gy Particle from, tif'e fixed
The acceleration of th
e
F ) :_&I ) Particle a¢ any instant is
Mo )y F=_ky)
- (",
where, W= f_l: ‘H\H‘*
m  (sayq constant) @ x C

But acceleration ¢ dy

_ —

dr " velocity _ ., dx

dt
Thys, acceleration f=4d ( dx ) 2
at\dy ) = 2 i)
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Physics
MNow;, from eqgns. (i) & (ii)

2
s f= ‘:_: = - wix. The negative sign is the j
" ¢ motion toward the mean pPosition.

- == + wir = 0.
dt

This is the eqn. of a simple harmonic oscillator in differential form.

The solution of this eqn. is given by x = a sin (ot + ).
where, x =instantaneous displacement at time t.
® = a constant, called angular frequency,
¢ = phase constant
@ =max. displacement or amplitude.
Thus, velocity of the particle executing SHM

v =;E=amcos{mf+¢}

z
= aw y/1—-sin? (ot + ) = aw \/t -1—2 l %-sin{mh-ﬁ}l

5 ia
R 2 1
= ya =X

= velocity =v = #uz-xi

Time Period and frequency of a body suspended by
a vertical spring : Let L be a natural length of a massless
spring and a block of mass m be attached to it and the
spring be vertically suspended by a rigid support. Now,
let the spring be slightly extended from equilibrium, then
the time period of oscillation of the block is given by

T=2nx / % . Here; kis called spring constant,

and frequency of oscillation = n = % _ 1 k

= @

2V m

If the mass of the spring say m_ is also taken under consideration, then

time period of the oscillating body (block).

o
o Ty P 3. and frequency of oscillation
_pol_1 [k
T m,
m+—=

3

If a spring of length L and spring constant k be cut (or divided by
breaking) into two equal parts or pieces each of length L/2 and spring
constants k, and k,, then k, = k, = 2k.

k. k
Thus, .1c=—‘-——?2

2
If n be the frequency of oscillation of a body of mass m attached to a
mass] ) . Bk
ess spring, then frequency of oscillation (n) = . =

Scanned by CamScanner

ndication of particle's




0 eacha
_— ' al pieces then
the spring is cut into two equ 1
tif the spring (") = J2 aoWin

E . : m will oscillate with frequency
e = - ﬁ n
expressed in Hertz (Hz)!

ﬂjjuamr (w) is related to!

s .

f
' In SI unit frequency of ﬂ:le ascillat;; I:-c
‘Here angular frequency of a simple har

.'fl-'t‘quency of nasw=2n, butn= T
2n
Thus, @ = =, |
4 oscillator measured in seconds.

here T = Time period of the ‘ .
The w:-rrm:-cinmum dispﬂzmment of the D?Cﬂ [3;;";’ "::n;? ::;LELE&?;:
the centre of oscillation (mean pﬂsitiun} is calle
oscillation.
If a smooth straight tunnel is made diametrically ﬂPPc’t*"it%t;Ehﬂﬂiﬂts
on the surface of the earth, then a body dropped to it execules 5.11.1vL. and
its period of oscillation is 84.2 minutes.

Simple pendulum and Some interesting incidents related to it :
A simple pendulum consists of a heavy particle suspended by a
massless inextensible and perfectly flexible string (thread). The distance

between the point of support (O) and the particle (bob) :

. A o o s

is called length (!) of the pendulum. An ideal simple Fo I L

pendulum defined as above can never be realised in !
q“ I “. |'.

practice, though in laboratories a small brass ball (bob)

is :-?us[.-;emied by a long thin cotton thread to construct
a simple pendulum. The distance between the point of Q |
support and the centre of gravity of the bob is fﬂ!:l,ti.‘d the 2 Q1 @

effective length of the pendulum,

\J@ﬁ: time period of the simple pendulum = T - 2m \/I
8

Also the time :
Period of a gjm
S'mple pendulym 4
oesn’

hange; nother gir| Comes and seqat gently ]
i en its tim e .
Period doesn't
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(C) If a pendulum clock is brou £l .
due to the state of weightlessness inﬁ&‘:mﬁ:t:l;;?:j'aamﬂiw, th:;
. : =0), e peri

(E) As on the moon the value of accelerati
\ X on d ity i
wh!!'re g is ac‘cele.rahnn due to gravity on the earth:E;:rii::?h:sE::;
period of oscillation of the pendulum clock is increased on the m-:;nn'
surface and so it (pendulum clock) is slowed down. ;

II. Sound (Acoustics)

1. Wave Motion
' Wave motion : A wave motion is a process of transmission of
dtsturbafnces created somewhere in an elastic medium in all directions
arm.fm:l it and ahmg_ with the disturbances energy transmits. Although the
particles jnf the medium only vibrate about their mean position and do not
leave their original respective positions.

Thus, three conditions are required for the formation of a wave—

(i) A vibrating body called the source is necessary to create the
disturbance.

(ii) An elastic medium called the propagating medium through which
the wave transmits.

(iii) Particles of the medium which take part in the process of onward
transmission of the disturbance by executing successive similar
vibrations in the source about their respective mean position.

Such wave (disturbance) progression along with energy transmission

is called a wave-motion.

Broadly a wave is categorized into two types—

(i) Mechanical waves (Elastic waves)

(i) Non-mechanical waves (Electromagnetic waves).

(i) Mechanical waves (Elastic waves) : Waves which propagate in

materialistic elastic medium like solid, liquid or gas are called mechanical
waves, There are two essential features— elasticity and inertia for the

existence of the mechanical waves.
Types of Mechanical waves : _ Crest Crest

(a) Transverse mechanical wave !

(b) Longitudinal mechanical waves. Q_\i;.j—y \-/

(a) Transverse mechanical wave : If
In an elastic medium wave propagates
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. . I nrﬁﬂlﬂﬁ
(eransmits) along the perpendicular ""m-'f;:nw';if .
then the wave is called transverse mechani 2 rated in solids and uppey
& through gases and inside

Transverse mechanical wave can be e
surfaces of the liquids. But it cannot be gen wave propagates’in the

liquids due to lack of rigidity. The UrAreVE max. downwards |

ent) an
ts or troughs g

form of crest (max. upwards displacem
istance bﬂn-'eeﬂd :‘*"ﬂ}_ﬂd
te :
1549 ¢ n an elastic medium, a wave

displacement). The d
called wavelength and it is repre o
b es vibration, then the

(b) Longitudinal mechanical wave®
propagates (transmits) along the direction o
wave is called longitudinal mechanical wave. suced) in all medium

Longitudinal wave can be gennrated {Fl‘-ﬂtiliuugh compression anz
solids, liquids and gases and such wave transmit Erot of the siedicm
rarefaction. In compression the pressure and the density s m s
maximum, while in rarefaction the pressure and the density of the medium

es in airn earthquake waves, water

is minimum, Examples — Sound wav

waves etc. are longitudinal mechanical waves.

(ii) Non-mechanical waves (Electromagnetic waves) ¢ Waves whose
eed any elastic medium and which

f electric and magnetic fields

,i acent cres

f partid

propagation (transmission) does not n

is generated by the mutual oscillations ©
perpendicular to each other. Such waves are called non-mechanical

waves (electromagnetic waves). The electromagnetic waves propagate in
a perpt?ndicu!ar direction to each electric field and magnetic field and it
travelsin vacuum with velocityof lightc=3x10°m/s or 3 lakh km/sec

]-_.11.:1: .and every electromagnetic wave travels with the same velocity i.e

;} ;. EH:F of light Iﬂ The wavelength range of various electromagnetic wav.e ‘
;

wawtﬁ*;vre:n ;ﬂ‘ meter to 107 meter. The examples of ta-her:tn::l'ﬂ::tgrnEti5
> radio waves, ultra viole - 2

s ’ t rays, X-rays, y-rays, thermal radiations

In the early days Ii

ys light was also as

a hy . ' ssumed to be .
Pr(::;s ;:I;lt]:::a{: T]Edlum called ether was supposed ::}“bEIa‘shc wave and
- Putlater after the negative resylt of ether dr:glé,ﬁ Tp{edﬁum of

Y Michelson-

Electro-
Inventors Wavelength Fre

magnetic -
Waves fange (m) fﬂngegl{?; Utilities
x'rﬂ};s R
Oentgen  1g-10
s 0 10%Hzy,
m 10%6 |, “rays are extensively

O\Aﬂ_@{ zII‘EEd iII\FﬂriGUSSurgical
) fraagnusis like bone

luﬂCtUrE'?: diSEﬂses of
‘ungs, kldne},s diciand
(l An = | . arious industrial

El ° ™ ey ) Purposes,
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Electro-  Inventors Wavelength Frequency Utilities
magnetic range (m)  range (Hz)
waves

tes in the y-rays H.Becquerl 100" m to 100%Hz to  y- rays  have max
wnwards 10 m 10" H= pt-_-niit_lmﬂ ng pow
roughs is which s _um_m
b‘ﬂmjﬁ;rFD nuclear reaction and
e artificial radjoactivity,
¥ W =
then I‘.hrf u/V-rays Ritter 107%m to 10"%Hzto U/V rays are used
107m 10"H = in prndumng electric
- o discharge, photoelectric
um-— effect and in destroying
lon and "aﬂuﬁ) bacteria.
lium is Visible Newton  39x107mto 10 Hzto By visible radiation
edium radiation 78x10"m oy, objects become visible
water and by the illumination
of the visible radiation
objects are made
i“:ht‘ distinctive.
i
ields Infra-red Hurssel 78 x 107m 102 Hz to I/R-radiations are
i radiation to 1002 thermal radiations
"""-Eal 103m and on which object
‘e in these incident raise the
d it . temperature. These are
sec. utilizedin photography
- of the objects behind
e mist and fog. It is also
tic

used to warm patients
in hospitals. In T.V.

" remote I/R is used.

Shortradio Henric 10°mto1m 10'%Hz to

Short radio waves are
d waves Hertz 108Hz used in radio, T.V. and
of Telephone etc.
- Longradio Marconi 1mto10°m 10°Hzto Longer radio waves are
waves 10°Hz used in radio and T.V.
Terms related to wave motion
Y
Crest X Crest > % »|
e |
— L * X
\W \/
B
Trough * Trough
Y A Compression Rarefaction
__‘-__

-——_—————
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the mean
54 isplacement from :
. displace is called amplitude ¢
. aximum m is ca = O
(i) Amplitude .iTheaTﬁc!ﬁ of the mﬂt‘i:zl sides from the Equ:libﬁ'
of the vibration of tl:i,lpdisplacemﬁﬂt i .ented by a.
1m F i rest ' .
wave. Thus, max litude which is rep ‘bration of the particleg Of thy
pasitian is callec mpﬂ time taken by U1E[Z:i time-period (T)
. . . e . —
i) Time-perioc & ' oscillation is called s'executed by the partiy |
medium in mmplettﬂﬁj number of Dscilfammb {-n} I M i i:. Eqi_l
(iif) Frequency : L:und is called frequency b
of the medium in one

unit it is expressed in hertz (Hz).

1 . : -

Thus; 11 = T : f a'particle of the medium at 5

. . The state of motion Of & P The state of motion ufa

{iv) th : is called phase of the wave. d'- tion of mot 4

given poinlt of time is ':: where it is and what is its directi Otion a¢
. : ean:

particle at a ime m
that instant ? required to cover one complete oscillatiop .

h:Thedistance -
(v) wﬂ‘;h:fmu-.emedium is called wavelength (3). In a trans;er:se Wavye
:;: agiﬂﬂr;rwm two consecutive (adjacent) crests or troughs is caljeq
i

its wavelength (A) and in longitudinal wave it ﬁ- the distance between bwo
consecutive (adjacent) compressions or rarefactions
(vi) Wave speed : The rate of the distance travelled by the Wave
(disturbance) is called wave speed (v).
The relation among wave speed (v), wavelength (L) and fmquency (n) is
Wave speed (v) = frequency (1) x wavelength ().
2, Sound Wave
The sound wave is a longitudinal mechanical wave which is Benerated
(produced) by the transmission of the disturbances in the form of
raretangeons and rarefactions. This train of packets of compressions and
rarefactions on reaching the listener's ears produces a variations of ons
on his or her ear-membranes, These pressure variations St Pressure
P impulses on

the auditory nerves which carry ¢ > -
brain. ey ithe message to the hearmg centre of the

In fact sound jg produced by id vi
; he . .
and its sensation js produced b}*ﬁ vihr;;r;::; E:;Efﬂhﬂn of material bodies

of vibration lies within the ¥ Provided its frequen |
limit (range), The J —ange 20 Hz to 20,0 oy
—range). The uencies of HUdlbll;[y .
frt‘q_?.tenme::} are ¢ o i GJIEEE than 2?-" Hz (lower limit of audible
upper limit of

Super-son; ;
of sound Wavesg - — fu:'trasgnms) Waves.,

Quencies Jje between (20
S Which can pe heard by
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et 20,000 F1a Waves The

(i) In medica] science
operations, in detection

(iii) Ultrasonics coag
mists and fogs at the airp
aircrafts (aemplanes}.

(iv) Ultrasonics are also used in measuring the sea depth, and in
I detecting or locating larger rocks, icebergs, bigger fishes etc, inside the sea

SONAR (Sound Navigation And Ranging) is a technique through which
objects located inside the sea are detected.

3. Speed of Sound
For the propagation of sound wave (mechanical longitudinal wave)
a materialistic medium is needed. That's why sound dnesn't‘ propagate
in vacuum. The speed of sound is different in different media. Newtu'n
firstly theoretically observed and propounded that the speed of sound is
dependent on elastici ty (E) of medium and its density (d) as given below;
B, Jf 22
: ici ; dulus (y)
If the medium is solid then elasticity (E) = Young's mo Vi

then o = \[% (solid)

Newton assumed (considered) that if sound v;*av.e Ef?ﬁﬁ:ti
ugh a gaseous medium, then the disturbances transfer ?mre ——
) ,mmpressingns and rarefactions in sucl'f a way thsllt the temper

onstant and the process is said to be isothermal.

- Thus, elasticity (E) = Bulk's modulus ()
= Pressure (p)

ulate the dust

particles in winter season. Thus
Orts are diminis

hed and this facilitates in Ianding
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- 0 = \/57ng1=233“‘!5“"'

where, p=1.013 x 10° N.m™,
d=129 kg.m™. TR vl

of the speed O y Newtg,

But this calculated value (280 mfsef.:'th Pef.-d s ound (= 382 mfgec]

5
himself was less than the actual value of the
which was globally acceptable. . ; , _

Th . tive modification was fﬂﬂdf? by Laplace in th;,
us, a correc he transmission of sound wave h,

- i t
regard and he asserted that during pidly that temperature doegp

ctions transfer so 1a :
nergy remains constant. ThEreb.

d wave transmission is adiabatj,.
perature) and it is calleg

compressions and rarefa
remain constant but the total thermal €

Laplace assumed that the process of soun
(const. thermal energy) not isothermal (const. tem

Laplace’s correction.
Thus, elasticity (E) = Bulk’s modulus (B} =y p

whe Cp molar sp. heat at constant pressure
v, %" ,  molarsp. heat at constant volume
= 1.44 (for air diatomic gas)

¥ - 332 m/sec.

Thus, speed of sound = v =
d
As the speed of light in air (c) is 3 x 10* m/s (300000 km/sec) which

ri::.- ||wr?.r large than the speed of sound (332 m/sec). That's why duri
hiq::ll :'rmng-m‘the S.k}' both light and sound originate at the same timer;;ng
8 L-tlhplt.mx earlier to the eye and sound comes | ater to the ear ut

smx-d,g?::::fu?;]r? EI"‘*‘“_E than ?;nses but solids are the most elastic. Th
liquids tha is rn.axamum in solids, Also speed of so :. - u.s,
N gases. The speed of sound in air = 332 m /< und is more in

Medium
S
m?::f of sound in Medium |
CG'E 260 o~ '_SPEed of 5(]““&' ‘|
\{'i“f 332 Water Mmjsateec
apour (100°) 405 Sea wat 1493
Al er
coho) 1213 lron 1533
H_'.'dr " <L
Mum;g;n 1269 Glass 5130
1450 Aluminiym, 65:40 .
20
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Variation in the speed of sound
Effect of pressure : At the same temperature the peed of :
doesn’t vary with pressure. . of sound in gas

Effect of temperature : The speed of sound is directly proportional to
the square root of its absolute temperature i.e. y o J/T .

More appropriatel speed of sound is 332 m /sec and if at
1°C speed be v, thﬂrltt-"j =332 + 061t) Obviously, for every 1°C increase in
temperature the speed 6T sound increases by 0.61 m/sec.

Effect of humidity : The density of dry air is more than that of moist
air. Thus, in moist aic value of the speed of sound is more than in dry air.

This is the reason why in rainy season the siren of the train is heard sharply
up to a far distance than in summer season,

Effect of the speed of the medium : If the medium is speeded up then

the speed of sound increases in the same direction and decreases in the
opposite direction.

4. Characteristics of musical sound
Musical notes differ from each other in the respect of at least one of
the three properties, namely- Intensity, Pitch and Quality. These three are
called characteristics of a musical sound. A musical sound is bound to differ
from another musical sound in at least one of these three properties and
hence they provide a means to distinguish one musical note from another.
Intensity and Loudness : The intensity of a musical sound is defined

as the rate of flow of energy per unif area of a plane perpendicular to the
direction of wave propagation. The SI unit of intensity is Joule / sec-meter?
or watt/meter=.

The intensity of a simple harmonic wave is given by
I = 2nvapu.
where; 4 = amplitude of the wave
p = density of the medium
v = frequency of the wave
v = wave speed
Obviously, the intensity of the musical sound is proportional to the
square of the amplitude of the wave, the density of the medium, the
square of the frequency of the wave, and wave speed. Apart from these the
intensity of the musical sound varies inversely as the square distance of the
source and varies directly to the elasticity of the medium. This intensity also
depends on the size of the source and a larger source has larger intensity
and vice-versa,

In fact intensity is a special feature (characteristic) of the musical sound
by which feeble (weak) and loud (sharp) sounds can be identified. Though
the absolute unit of intensity is watt/m? but it has no significance and
another arbitrary unit is bel which is expressed on the logarithmic scale
and it is used frequently to measure the relative intensity. This unit bel was
a nobel honour to the inventor of the telephone Graham Bel. Generally,

ilﬁﬂl of bel which is called decibel (db) is the most practical unit of the
relative intensity.

L —
Scanned by CamScanner



General 5¢ci
o { first relative 10 mecond cn the Jogs
[’}I’ o

Thus, relative intensi ﬂ secibel b). The standard intensity |
I

scale is expressed as 10 log;, R - 102 w/m2.
: lative intenst :
selected furexpreszmgs :::;;ﬂn Prm;luﬂ!d in ﬂ;f:;ﬁi"p;;‘:ﬂi?ti It jg
Loudness is the :+ varies from persts £ oy
something that is not ﬂbﬁ“‘”'?andqlil; Thus intensity 1S the physical ca
the inten: hon which is assumed to be the

d ds upan .
lnudnﬁdg The unit of loudness 15 p

Pnce

—— R T3

of the
rt of the decibel (db). o |
:T:::: sound Intensity (db) |Source of sound Intensity (ﬁbj-
Whisper 15-20 Press :ESL: ;Jg
Ordinary conversation 40-60 Archestra A
JLeud speaker 70-80 Rocket 160-170
Hot discussion 70-80 Missile 180-190
““fleavy mator vehicle, 90-95 ifen 190-200
motor bike
an, 50 db sound is sufficient to wake him B,

For a sound sleepin it
To dwell in the noise of 80 db is harmful and 90 db sound has its maximum

limit to dare and if such noise be continued everyday 10 hours then the man
would become deaf. World Health Organisation (WHO) has recommended |
;ﬁgL;dm:ngﬂggnd for the human ears, the sound of more than 75 dp is
assumed lo angerous and the sound :
B— g und-of 150 db can make human beings
Pitch and Frequen +The pi £ .
s distinguishls cﬁ x e pitch of a musical note is that physical cayse
sl ok 7 a shrill note from a grave note of the same intensi
musical nt}i :;ﬂ ::'; tp::;‘“;_‘l; ‘"-‘3f:‘uhmefnt. Thus the degree of 5hriIlnaxﬂ:sﬁ:;.n:;la:.:ﬁl.:'Ir
-~ - 1€ pitch of a note emj :
upon its f; ; : . itted by
pon its frequency of vibra tion. The greater the fmque:;c;: :?t‘:ﬁﬁ (tiup-ends
‘1oration of a

n .
of Voice soyng

Brave . ¢ lpg 3 dl_,[E to hi

been g3 Srill s Ze;,p‘,'fh than th;,ﬁt c:;‘*’-‘ to low pitchh‘%:ﬁ'r value of
ed in the ahmi 'dicatorg o ;( W’"USquimES Tiu's E;horriﬁed

a an : shows that

high p;
pitch .
resentg tiuf)_whlda has
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Physica 9

Quality or Timber : Quality or_timber is a third feature of a musical
note which distinguishes befween two notes of the same intensity and pitch
but produces two different musical instruments, The quality or timber of

s and it is a note is appeared due to presence of different harmonics. The presence of
?Iﬂlthuugh harmonics affect the form of the wave emitted by the musical instrument.
Fﬁil‘."ﬂl t‘auﬁﬁ - ———— — -
£ [\/\/\ 4 W
¥
?fﬂb} FTuning fork Violin Clorioney
10 The harmonics present do not affect the frequency of the fundamental
0 tone, but they simply reshape the form of the fundamental wave as shown
in the diagram. On account of the different shaping of the wave form by
0 the harmonics, the quality of different notes becomes different. Due to the
] difference in the quality we identify and detect the voices of well known
PI'.‘I'EUHS.
h...-E'_EE’* 5. Properties of sound wave and some acoustical applications.
REmum (i) Reflection of sound wave : Like light wave, sound wave also
the man returns to its original medium after incidence on any rigid surface and it is
nended called reflection of sound wave. When reflection takes place from a rigid
5_- db is wall there is no change in the nature of the wave i.e. compression remains
s compression and rarefaction remains rarefaction. But when the reflecti i
| takes place on the open end of a pipe (organ pipe), then the nature of L
wave changes i.e. compression changes into rarefaction and vice-versa.
= Due to a longer wavelength the sound wave reflects at large surface than
sty light wave. In our daily life there are so many examples of sound wave
sof a reflection like reflected sound from walls, mountains, rivers, vallies etc.
?s (a) Echo : Echo is a natural phenomenon of reflection of sound and it
e is simply the repetition of a sound wave produced by the reflection from
y the an obstacle like rigid wall, tower or mountain. The essential conditions

for the formation of an echo is that the interval between the arrivals of the

direct wave and the reflected wave must be at least ;‘—ﬂlh of a second (0.1

sec) because a human ear cannot distinguish between two sounds arriving
| within ith of a second. Thus the minimum distance to hear (listen) an

Il
echo distinctly would be 16.6m (approx. 17m). Since speed of sound (v) =
332 ms”' in air at NTP, time interval (1) = 0.1 sec.

I b
. = required distance (x) = 7_2[ = Q@
=166m |,
[{ECh(‘r heard at O)
With the help of echo the depth of sea, | .flected wave
the depth of wells, the altitudes of flying | ..--------- B rigid
aircrafts etc. are measured. With the help of O > wall

SONAR {Sﬂund Navigation And Ranging) direct wave
ﬂ_ﬂ__g____ﬁrmim:ing (by the use of) ultrasonics we
measure the sea-depfh.,

_
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ele, ane organized in ctions takes place frﬂmd is stopped then Uptogzrl on (or
sories of multiplr:_ n-lﬂe . If the spurce of soun dible. This continuag; , Bana
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tlu’:i[a these music, Spee c]; ﬂ;l above the threshold of audibility is g, &

SO0 g - ¥ ity lev
ntensit)

the original sound i
the multiple mﬂc-ctlc:-l_'l
it is called reverberation B it |
is called the time of rever depends on various factors like Materia| o
: " syerberation ; ma o
s t:mt i ?:aﬁhe absorbing material, volume of the buildj ng (like

the absorber, area O

itarium) elc. o

lecture hall, audi . 1 — :
Here. for the evaluation of reverberation time, g r

71 ¥ Y it), called Sabine's law,
T=0171 s 0.171 o (SI unit)

where, V = volume of the hall

] -I i - :t fft .n.;
He‘f{f‘, [f source U{ S0UnNc ,‘_;- .
-:Illd ll'E me P o L""il d. ilsﬁﬂulhl 5 su

il

il

TR

o

Eax
and, A=as | Gur
where, o = absorption coeff. i
s = area of the absorbing material.

Thus, time of reverberation can be balafnced (ﬂffﬂrﬁm"datﬂ‘fﬂ by disj
increasing or decreasing the area of the absorbing material, To sustain the vib:
reverberation in the lecture hall or auditorium the walls are made rough oy are
they are covered by porous screens through which some sound is absorbed for
and original sound becomes clearly (distinctively) audible. The carpet of stri
the floor is also utilised as sound absorber. Due to the reflection of sound are

thunder in the cloud appears. ar
S'I'lw fli:ness of lecture halls, cinema houses, auditorium etc, for music, su
: ﬁ?: .c;':::ntn. rtf etc.1depends largely onrthmr design and construction.
Jhithe Sruction is such that there js uniformity in rendering of | n:
l peeches, music, toncertsete. then these aresaid tobe acoustically guud;,- | :
utifnot theyaresaid o beamusﬁcall}' bad. There aretwo chief S
echos and reverberation for the bad i et parametersi tk
& ne acoustics of the bul!dtngs‘ b
) Refraction of Sound : Whe
mechanieal lelastic) medium o am::tltn ; "ifmnd‘ e s from one S
Wave is refracted of transmitted Thi;eir mechanical (elastic) medium the b
the fefracted waye g deviated fron . F: ml_‘“_menon IS called refraction and
$1IEMain reason for Occurrence of pef B v BiNal path of the Incident wave. f
sound in diffppe | medij " raction in sound is diffe
o M medium ¢ differeny temperat > Clilterent speeds of 1
ohagk Eratur
{Suund}m.?u *ampleof ref ractionofsounde g ! ¢
fenspe; “n faction is the Ippearance abs Oranatura] consequenceofac S ]
of the L:a:l]:.ue d“}‘ t;} o Hanof depth in di!;:'semture gradient (variation of |
. 15 3 re 1
heargd atdusk (; Ihquuan”F Obseryeq that | a mEd!um} near the surface !
nthe ale eveniy, )than durin u:ina“ Voices are more clearly
& day time. In the day time, the
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Physics 61
temperature of air is maximum near the ground surface and it diminishes
upwards. Thus, the specd of sound is the largest near the surface of the
carth (o= + T')and decreases upwards. So a ray of sound diverging upwards
from a source on (or near) the earth's surface is refracted continuously
towards the normal and hence less sound reaches the observer. At dusk the
situation is just the opposite. Now, a ray diverging upwards from a source
on (or near) the surface of the earth is refracted continuously away from
the normal. Now, it is totally reflected when it begins to travel downwards
with a continuous refraction to reach the observer towards vertically.

WayiHime Dusk time
- ‘q—_ Normal Normal A (Late evening time)

- -_--=— Hot
Air
«— Cold
Air
Earth's P (Source) Earth's PP (Source)
Surface Surface

(iii) Free Vibration : When a body, which is capable of vibrating is
displaced from its position of rest and then is left to vibrate itself, it will
vibrate with its own time period or frequency. Such vibrations of the body
are called its free vibrations, provided it is free from all type of resisting
force, external or internal. Example - the prong of a tuning fork, the stretched
string of a sonometer etc. are vibrations capable bodies. When these bodies
are disturbed from their position of rest they vibrate and these vibrations
are said to be free vibrations, and these are not resisted by frictional forces
such as air resistance, viscosity or any other frictional forces etc.

Though vibrations of such bodies are free from the external forces
namely air resistance, they are not free from internal frictional forces
namely viscous force. In the course of vibrations, the different layers of
the prong move relatively to one another and due to this relative motion
between the layers a force comes into play which tries to diminish the
relative motion. This force is called viscous force or internal frictional force.
In practice vibrations of a body are resisted by some kind of frictional force
and hence resisted vibrations are the natural vibrations. The frequency of
free vibrations of a body is called its natural frequency.

(iv) Forced vibrations : Resonance : If a body can vibrate freely then
due to resisting forces the natural frequency of the body starts to decay
and thus an external periodic force is needed. A tussle starts between the
frequency of the external force and the natural frequency of the body and

ultimately the frequency of the external periodic force predominates and

tHhrewgb ir Femesismvemese tha ladse sriheatios lI'Il‘d"':l"'l ie l‘ﬂ"ﬁ'l fﬂl‘fﬂd vibfﬂﬁﬂni
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In sound (acoustic) interference, beats and stationary waves are the
direct outcome of this principle.

(a) Interference in Sound : Interference is the phenomenon of sustained
cancellation or reinforcement of two waves, when they meet under certain
specific conditions. When the effect of one wave is constantly neutralised
by the other, the two waves are said to interfere destructive]}r (destructive

interference) and when their effects are reinforced they are said to interfere

constructively (constructive interference), Ag usual [

characteristic of the wave.

In sound when twa sound waves tra

undercertain suitable cond itions stated b
dwtrur:lwcl}- produci

Producing a Permane

Ins meet at
elow, then the
N8 a permanent silence or jnt
nt anti-silence.
um‘r::tf.mlt;gh t;rtal “NETgY is conserved in the inte
Y IS trans erred fr i 1
silence. o R g e

Setwoeitherinterfere
erfere constry ctively

rference, here sound
nee to the regions of anti-
(b) Beats : Wi
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the loudnesg 1S (not more thap 16 H» ‘ amplitude byt slightly
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ically . : ¥ their super osition,
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the eXtern,,
v of the g
'requf-'nc‘y value with a waxing noise and then fading out with a waning noise. This
s OFf phenomenon of waxing and waning in the loudness of the resultant wave
= is known as beats. Thus, the beats are formed due to the superposition
d due to of waves. Interferences and beats both occur due to the superposition
ter surfae, of waves and these are concerned with the variation of the intensity of
fmquenc}, the wave. Interference is the phenomenon of sustained destruction or
red. Whey, reinforcement of two identical waves and there is a spatial distribution of
autiong silence (destructive interference) and anti-silence (constructive interference)
 troops in but in beats silence and anti-silence occur periodically at the same place,
so it is also called interference in time. In producing interference the two
oRa interfering waves must be essentially coherent (having constant phase) but
:.i'usi "t:"e- in producing beats any two sources can be taken.
aIn re:a le (c) Stationary waves (standing waves)
v When two identical progressive waves (waves having the same
- It is amplitude and frequency) travellirig in the opposite directions meet along
'-‘d“-_'"" a the same line with the same = :
nosition velocity, then the result of the %
ent due superposition of such waves - ‘ ‘
1 of the in the formation of a system N W .
be the of waves which alternately A A A WW
e appear and disappear in the A5
.31t bn region where the two waves 2 od
ey meet without advancing in L N—Node, A=Node |
either direction is called stationary (standing) waves.
In the formation of a stationary wave, the space confined has two types
e the of points. The first is Node where no displacement takes place and another
is Anti-node where maximum displacement occurs. The distance between
sined two consecutive Nodes or Anti-nodes is %’ where A is the wavelength of
rtain the waves undergoing for superposition.
lised (vi) Diffraction of sound : When sound waves originate by a vibrating,
e source they spread in the medium and if the medium is homogeneous and
fore isotropic (have uniform density), then these waves have spherical wave-
asic fronts from the point source. Far from the source the wavefronts are nearly
planes and the shape of the wavefront is changed when the wave meets
an obstacle or an opening in its path. This leads to bending of the wave
im around the edges. Such bending of waves from an obstacle or an opening
=re is called diffraction.
:ly Diffraction is a characteristic property of the wave and all kinds of
waves undergo diffraction. The effect of diffraction is appreciable when the
d dimensions of the obstacles are comparable or smaller than the wavelength
ti- of the wave. If the obstacle is large compared to the wavelength, the
diffraction effect is almost negligible.
y Example : The wavelength of the sound wave is approx. 1 meter and
) of the same order as the doors and windows of our houses, That's why
l sound wave is diffracted broadly and one person easily hears the voice of
< the another,
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fork is incident on t Ecnﬁpmﬁi” ns and similarly a pulse‘ot' raref actiong
2 pulse of rarefactions. But in the open e 8 Pulse of

P Pcan. 1._35 'preﬁecied as a pulse of rarefactions and vice-versa. Thuys, in
compressions is change into each other. Thus

an open pipe compressions and rarefactions 4
incident wave and reflected wave change their phase by 7. .

progressive ;
interferes and forms a statio

appears as a pulse of

Closed organ pipe
N[ A NED A XN A RN A N A NS
= L > - - L > - L S ——-——;-
essentially a Node and the open end js

In an organ pipe the closed end is
Anti node. The fundamental mode of vibration occurs when there is a Node
at the closed end and an Anti node at the open end. As in the formation of a

stationary wave, the distance between two adjacent Nodes or Anti nodes i
S is

A .
..- _'!/'h{ls the distance between a Node and an Anti node = » L=n

-

® L F
w0 In.n;ua.nc} of the fundamental mode is alsp called firs¢ harmoni
Ti : ric.

n =

a—

e JE = fundamental frequency. (. p_ A = A =4l)
3 =
Butv = /=
ut ¢ where; E = Byl modulus
1 = densi
Ny = @ =density of the air.
Vg €re; L =length of the pipe

Similarly, for the second mod
e

second harmani of vi 1
ni _ ibr
cor third overtone. ation, the frequenc}r is called =

fil.‘n_’, L .r"::lhie' n =_Ir }'
o 2 A (1"L=4+£—3}‘ .

= I, = -g- '{f. . * i ‘:-l_)
. T "r’)-‘f '"3”|
rmiiarly, for ¢ ;

he ”’llrd mode of Vibration
= om=1/F 5 E . a e, ny= 2

3 -_ — —
'1u"r;j' "H-\If (.' Lz—_+!:+_ll 51.) '
4
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s
.V d
Here, frequency is called third harmonic or fifth overtones.
TR, W EMEER . s

3 R = T S —
frequencies in the

a closed pipe hav

_— ", le.

: Thus, possible tones of a closed pipe have
ratio of odd integers. Notes emitted by the air column in
¢ only alternate overtones and hence poor harmonics.

Open organ pipe

—— N ‘.-"‘_-_ h"IN.r'. -h_‘N“r' “'.h{," -.‘..‘ N._.*"T -".l “—_v—
A A A XA A A ¥ A XANA
- L !- :— L, ... .;_ — 3 = ln-

When the air column is contained in an open pipe, the two ends are

essentially Anti nodes and then it is said to be in the fundamental mode of
vibration of the air column.

L

w21 JE |
- M T Tava Cov=/g)
Thisis the fundamental frequency or first harmonic. Similarly frequency
of second mode or second harmonic or first overtone

ezl gl \/F i
n,= 2 51 2 TR 2n,.
and frequency of third mode or third harmonic or second overtone

Obviously, [ = A and v=nh

o 1 [E
=M, 3ZL_32_LVE =3n,.
Thus, LT PG g R— =1:2:3%. e

Thereby it can be concluded that the possible tones of an open pipe
have frequencies in the ratio of natural numbers. The note emitted by the
air column in an open pipe will have the full series of overtones and hence
it is very rich in harmonics. That's why the quality of a note emitted by an
open pipe is always better and sweeter than that of a closed pipe.

6. Doppler's effect in sound

When there is a relative motion between an observer and a source,
then the pitch of the note emitted by the source appears to be changed
to the observer. This apparent change in pitch due to a relative motion
between the observer and the source and also sometimes due to motion

of the medium is called Doppler's effect in sound (acoustical Doppler's
elfect).

Actually Doppler tirstly observed this effect in light waves. Thus,
the optical Doppler's effect in fact firstly propounded the spectral lines of
certain stars which were found to be shifted towards the red or violet end
of the spectrum from their normal position by a very small distance. For
the red and violet end stars recede from the earth and approach to the earth

respectively. Doppler's effect is also a basic characteristic of the wave and it
15 to be found in all types of wave,
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Thus, n' = ey n -
= apparent pitch or frequency.

n = actual pitch or frequency.

p = velocity of sound.
p. = velocity of the observer.
0

v, = velocity of the source.
Sonic booms, Shock waves and Mach-number : ‘
When the velocity of a source exceeds the phase. velocity of a soung.
wave, then Doppler's effect fails and it has no meaning,. There.ar@ many:
instances in which, source moves through a medium at a velocity greator
than the velocity of sound. A jet plane, a ballistic missile moves thl‘ﬂughz
the air at a velocity greater than the velocity of sound. In such cases the |
wavelront takes the shape of a cone with moving object at its apex. The Jet |
plane or the supersonic plane sends a cracking sound called sonic boom
which can crack glass dishes, window panes and even damage buildings.
The wave :fﬁginatcd due to sonic boom is called shock wave, The spherical
wavefront intersect over the surface of the cone with the apex at the sour
Because of constructive interference of a large number of waves arri o
at the same instant on the surface of the cone Préssin S artiving
s sSure waves of very

large amplitude are < i
' sent with a conj
waves, cal wave front. Such waves are shock

where, n’

il

Here, we can wrile sin ) = 2

o
velocity of sound
Y, = velocity of SOurce

where, »

1]

In derodynamicg, this ratig —Il) i

U

If 5
Mach-l\'umbe; E) ST
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Physics 67

&(“emal Physics (Heat & Thermodynamics)

1. Heat & Temperature

The degree of hotness or coldness of a body is called its temperature
and thus temperature is an indicator of the thermal stage of the body. Due
to different temperatures of two bodies thermal energy transfers from the
body having higher temperature to the body of lower temperature and at
a particular temperature the process of energy transfer stops and now both
bodies are said to be in thermal equilibrium. This thermal energy due to
which the existence of the temperature in the body appears is called heat.
In other words, heat is a type of energy by which mechanical work can be
done. This was firstly detected by Rumford. Later, Davy confirmed this fact
after rubbing two pieces of ice on melting. As no source of heat is available
in the melting of the two pieces thus frictional forces came into existence
due to the rubbing, which produce heat energy and consequently the twoice
pieces melt. Later by Joule’s experiment it was observed that heat is a form
of energy by which various works can be performed. Joule also asserted that
heat and mechanical work are inter-transferable to each other and the ratio
of mechanical work and heat energy by which work is done is a fixed ratio
called mechanical equivalent of heat and basically it is a conversion unit. If
a mechanical work W is produced by an amount of heat H then

| = W/Hor W = [H, where; | = mechanical equivalent of heat.
= 4186 Joule /kilo cal.
= 4.186 Joule/cal.
=4.186 x 107 erg / cal.

This implies that if work of 4.186 Joule is done then 1 kilo cal. heat would
be produced.

Effect of heat :

(a) Physical changes : By the application of heat or thermal energy the
physical structure of a body like its shape-size, volume, temperature and
its state changes.

(i) Change in Temperature : Ordinarily temperature of a body increases
with increase in heat or on supplying thermal energy to it.

(ii) Change in Volume : Ordinarily with increase in heat or thermal
energy the volume of the body increases.

(iii) Change of state : Usually there are three states of matter— solid,
liquid and gas and these states exist due to the difference of temperature
thereby due to heat. Thus, change of state takes place due to heat.

(iv)Otherschanges:Onheatingabodyitsshape, size, electrical resistance,
the ability to dissolve solute in the solvent etc. change drastically.

(b) Chemical changes : On heating a substance some changes occur

permanently. One can observe free oxygen released on heating potassium
chlorate with mangnese dioxide.

Units of Heat : The Sl unit of heat is Joule and in C.G.S. its unit is
calorie,

Calorie : The amount of heat required to raise the temperature of 1 g
water by 1°C is called calorie.
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" 2 = 4.186 % 10° Joule = 1000 o
ﬂﬂ; nm“‘* . 1 kilo cal. =4 s S ten 'l:al,
ol C 4186 Joule. 4 of thermal physics Perapy.
: ) The !:;ntﬁt ;5 like thermometers, thermocouple,
ous devic Lry-
: ermomelr]

_ srometer ¢1c 15 called th wale principle by use of the subst.
77 eters operate on them:;g - Pdent on the temperature

All thermometers is directly depen . .- Al
whose volume E"pami;:.:: types which are fabrica ted and designeq for |
thermometers ane of va .

the different means and prurpn-s ypes—Liquid W
many s—L
Thermometers are 0 v 1

. an of volume of the |iql.lid by mc{'ﬁ# i Ierl:lpfé'ature_}' Gag
o uaj":r;:‘r (expansion in volume of the gas withincrease in temperature
;:l]‘_;;:‘;m resistance thermometer {jtc, ey ot et
iquid thermometer : In liquid therr_rmmeh?r-'- s amigic. b
Iilq::tﬂ Aleohol is used in those liquid thermometers which Measyp
lr;::::!qll:1;1;rr¢1r1:m of below - 40°C. The fmezingnpm_nt of .EI]C(?I"IOI 15— ]ISH.C_ S0
alcohol thermomelter doesn't work below-1 1‘5 G I'he‘f reezing and bﬂllmg:
points of the mercury are - 39°C and 357°C re:-‘;_pecnvely.‘ Thus, merey
thermometer is fabricated and designed to remain operational from 30°¢
o ISNY'C
Clinical thermometer : To measure the temperature
asuitable thermometer has been fabricated and designed
and it is called clinical thermometer. Since the te
body varies in very short span, thus in clinic
pomtis kept at 95°F (35

Gas th :
ermomeler : ydrogen gas thermometer is 3

standard pas thermome
Lo ry other paseous therm
ol [ £ s ban = ’ Sl L
l:r; i'.:jj'rrn. ited. The temperatyre UP0 500°C can be measy red th [;n?emm
Wdrogen is replaced by nitrogen then temperatyr | o il

measyred. e up to 1500°C can be

|

Thermomelry :
¢ vari
i measured by var

g

aRB5E

PO R - A =

of the human b{}d_}r
on Fahrenheit scaje
mperature of the human
al thermometers lower fixed
'C) and upper fixed point at 110°F (43°C), |
Constant volume h
ter from which eye

Platinum resistance th

on the basjs th Shmometer s T

his thermo
tal increase
Ereat advany
femperatyre
IR measyred by
dccurate thay this the
Ml
The Plating,
and the Protectiy,
doesn'y tain he

meter is constructed
i s cl[uite uniformly with
ranges fro. o ;n: thermometer 1s that it
platinur. ‘ 200°C to 1200°C. The value

1Erfh0meter IS 80 consistent,

'Mome .
eter can be used to standardise the

Mecasures yory, Widg
O the temperagy
Precise ang
uther therm

M resistanc
» v thurm
i - A
B tube hag |, OMmeter hae

W the a lar
lem " terﬂ}ﬂl C

Nductivi. B° therma capacity
; v"_"t}’ SO this thermometer
M which it jg immersed.
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Physica i

Thus, this thermometer has an excessive time lag. Further, some time is also
lost in balancing the bridge. That's why this thermometer is not suitable for
measuring rapidly varying temperatures.

Thermo-couple: This is a special type of temperature measuring device

in ']ﬂ:wjuncliuns are construcled by different metals— one junction
d

fs Tt another is cold and duc to thermoclectric effect temperature is

measured and this effect is called Seebek's cilect.
—— e 8 B e

In 1923 Seebek discovered that when two dissimilar metals are joined to
form a closed circuit and a difference of tem perature is established between
their junctions, an e.m.[. is developed and hence an electric current flows
through the circuit. The e.m.f. so produced is called thermoelectric e.m.f.
and the phenomenon is called Seebek effect. Such an arrangement of
connecting two dissimilar metals together is called a thermo-couple. The
magnitude of thermo-electrice.m.f. de pendsupon the nature of twometals
and on the temperature difference of their junctions.

Al a particular temperature of hot junction
thermo-e.m.f.  becomes maximum, This
temperature of the junction (at which e.m.f. in
thermo-couple is maximum) is called neutral
temperature T“ for the lhemiu—«r:(suple.

Neutral temperature is constant for a given
pairof metals forming the thermo-couple. If the O Temperature (T) —
temperature of hot junction is raised further,
the thermo e.m.f. decreases and becomes zero at a particular temperature

whichis called temperatureof inversion T' .Beyond inversion temperature
T, thermo e.m.f. again increases but in reverse direction. Temperature of
inversion is too much above than neutral temperature as the temperature of
cold junction is below to it. Thus, inversion temperature is not constant for
a given thermo-couple, but depends on the temperature of cold junction.
Here, a relation between neutral temperature and inversion temperature

is given by,

Thermo e.m.f.
(E) —=

. = - R | i
F_!‘ _"r__.‘Il'-:.I-:::Tﬂ"fI:.':Tﬂ_ 2
where, ~T, =temperature of inversion.
T, = neutral temperature.

T = temperature of cold junction.

Thermo e.m.f. in the circuit varies with temperature of hot junction is
graphically obtained which is a parabolic curve given by a relation E =
AT + BT? (a parabola). Here, cold junction is kept at 0°C, while A, B are

constant and t is the temperature of hot junction.

\_;Ml,al radiation pyrometer: This is also a temperature measuring device
through which the temperature of bodies like stags, sun ete. (which have
very high order temperatures) are measured which are far away from us.
Thus, radiation pyrometer is a device through which by the estimation of
radiation without touching the bodies, temperatures are measured. Total

_
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L ] inciple of Stefan's law ang o _
the princ P . p C
gperates on F unit area is prope...
radiation py m;:::iﬂﬁimilled pes Mﬂ;i.ﬁ'hu body h.“wigg termpa.
to which heat ra f the absolute tempera &ivf} radiation and o PN
the fourth Fmrt'e:i(;wn'l emit a suitable Ldettem perature of only thnset Sw
. 800" et . the'te O :
l‘u*:z ;:::1“!11# total radiation p}wmﬁtﬁLm of more than‘800°C
th

. » a lempera -

. whicli have a ’ . . oo

KRR les of temperature measurement : In the CONStrucig
Various scales

- selected on various scales in wh;j}.-
thermometers l“.'ﬂ ﬁ:fi'i .:i'P{ J;:;T:,;L Point (U.EP) aLmd thereisa miij,}:]l: .
is . m:{xim;f ::f::.“r';‘_wd Point (L.EP.). There are various scales like Celill
::::'l::r:::ihémde], Fahreneit, Reaumur, Kelvin and Rank:f}_

Generally; the freezing point of ice is taken as L.EP. and the hDi]j 1

N

point of pure water at 76 cm of Hg Scale L.EP. U.Ep

is taken as U.FP. The difference Celcius 0°C 100°C
between the ULEP and L.FP iscalled rahrenheil 32°F 2120 F
. , iffo Interval " =

Fundamental difference or In Reaumur 0°R 80° R

El.
(FL) Kelvin 273K 373K

For any thermometer: )
’ ankin 492 R
Reading - LEP, R n 972 Rn

UFP.-LFP
C-0  F-2 R-0 _K-273 R, -492
100-0 212-32 " 80-0 ~373-273 672 — 492

j——— -

o, C_F-32 R K- R,-492
Ll{}ﬂ 180 80 100 180
Absolute zery : The_nmt_ir:ally there isn

=l rsnuflmit af i _
butthercisalimit Or restrict: - Of maximum temperamre
lemperature js - a7

= a constanl

Thus,

‘f_h Kelvin scaje absolute e
required temperatyre on whj moti f t}

_ ‘ on o 15

Thus, @ K =- 2?3.15"{: = 273.15 K 0°c _i“-‘ hﬂd}'

s o | K= (233900
: 1

IS expressed a8 0K and it is the

epr
iume temperatyre 0N Varioys e Presented jp, degree
emperatyre =
: : Cele:
i%"“n of water elsius (°¢) hrenheit (o,
Ormal “‘mPera:um " o"c 4 Keiwn (K)
L5 roon 2?“C 201—‘- 2?3 K
gl tempegy, 80.6°F 300K
.'huﬂ'l.]n hﬂd}' ¢ of 3?"{- ‘\K""./
'lBO llng Pﬂ'iﬂt of i 98 5nf‘ 3“] K
1 [R}nc
212°F 373K
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2. Thermal expansion of solids, liquids and gases
Ordinarily the volume of a substance increases with
(thermal energy) resulting from the increase of intermolecular distances
in the substance. But there are some exceptions also for instance, in water
volume contracts on increasing its temperature from 0°C to 4“{:_f5imilaﬂy
in Silver lodide (Agl) volume contracts on increasing the temperature if
it has tempuratgru I:n_etw-.-un 80"C 10 140°C. On supplying heat expansion
like Celsiy occurs In all solids, liquids and gases, but gases expand more than liquids
and liquids expand more than solids.

Expansion of solids : Usually if an

the supply of heat

- y solid body is heated, it expands
the bﬂlhng in length, breadth and thickness and if the expansion, in length if only
& Ep substantial then Tl is r::alFed linear expansion but if both length and breadth
e I‘ . expand substantially it is called superficial expansion and ultimately if the

00 length, breadth and thickness all expand, then it is called volume expansion
°F 180 (cubical expansion).

R 80 Coefficient of Iin_ear expansion—It is defined as increase in per degree
K 100 celsius temperature with unit length of the body and it is represented by c.
R 180 Thus, coefficient of linear expansion
- increase in length AL
original length % increase in temp. — YT Ixan

Coefficient of linear expansion is represented by a and its unit is per
degree celsius.

Coefficient of superficial expansion : It is defined as increase in per
degree celsius temperature with increase in unit area of the body and it is
represented by f.

Thus, coefficient of superficial expansion

increase in area As

rature

rmost

i = o - " = ﬁ =

E original area x increase in temp. 5% AB

Coefficient of cubical expansion—It is defined as increase in per
degree celsius temperature with increase in unit volume of the body and it
is represented by y.

Thus, coefficient of cubical expansion
increase in volume AV

- original volume x increase in temp. ARV
Here, it is observed that f=2aandy=3a
Thus, a:p:y=1:2:3
Application related to expansion of solids :

(i) Railway tracks are constructed from iron and steel and these are made
adjustable to sustain tremendeous load and the thermal expansion. That's
why some free space is left at the joints.of two such tracks. -

(ii) If we pour or keep hot water inside a thick glass (jar) then the insifie
surface of the jar suffers thermal expansion while outer surface of the jar
remains unaffected due to its thickness that's why glass jars crack.
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| expansion is Neg jum clock is given by 2"5,./: ofg layes
therma oxp ndu ] incre
wiod of 8 pe length of the pendy . L
(iif) As time pe depends on the 50 its time period jng ﬂ;’i}
wriod obyjously dulum inmaﬁe;;nwn_ But in winter the leng Eute
its Gy 5.:1, Jength of a F:If’u":umdm:k slpﬁ?:‘hnd decreases and pepy, 8 ki

T - = 1 e
su::}":::mluunﬂy lht‘P‘-’::H so the ime Fl':q are constructed thr(}uEh 3 laye
s he pendulum contra i smdulum clocks al expansion and Contrag il the -
t;{ tl:l-{!f;"ﬂlf_'ﬁ fﬂﬂ': Tmaiepseﬁligible STt f liguids like solids, li live
:1:::7.11‘“;' bodies which 'h"!I As there isno sh-‘fP‘Et:- e:.‘qpansinn and SI-IPE:-! 3 regi
Expansion of qu‘f‘;i}nér{vfﬁﬁe”' S0 ci:“jz d significance. S Cubj the

are always ka'lf"j;: have n“.mii‘mﬂ juids has only the APPropriy
expansions. in :F':E expansion) in the rq‘v'} is supplied the liquiqg Stary par
expansion l[-.r-;:-lu“_I s heat (thermal EI}EEET- (vessel) also starts to eXpany ter'f
mﬂﬂmg&ﬁ:: E:i'nng with it, i_lﬁ “?":2;?1}, expands it doesn’( Perceive o suf
:Lf:ﬂllnup to what extent liquid :;::'gﬂrigjnal because some therma] Enepg cor
its expansion is slightly less than '

: iner. i
I gripel g < e rnniﬂlrlﬁ'w of thermal expansiong One jy
' » two types . !
oot s that there are 2 icient of a arent volum

ﬂ‘::l :!;:i'“the other is real. Thereby coefficien PP lumg
A
sxpansion (y ) _
i . apparent increase in volume

'’

original volume x change in temp. |
and coeff. of real volume expansion (v,)
real increase in volume i | by
~ original volume x change in temp.

ag
Thus, if y_be the coeff. of volume expansion of the glass the vessd ':;
(container) then, y (coeff. of real volume exp.) i
=1, (coeff. of apparent volume exp.) P
| ¥, (coeff. of volume €Xpansion of glasg) &
f The density of substance jg defined as the ratip of the mass of |
;-ubsmuq. and its volume, As the volume of 4 Substance increases o
eating, its densipye - : ; 3
constant, But 1o > S bl for s, CCCTE5C, its mass be §
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regions burst {crac}c}. Since at 0°C water freezes and o
the ice its volume increases which brysts the tanks (
Expansion of gases : Gases are the most active

rt in thermal expansion. On supplying heat to
temperature increase but the pressure and volum
suitable condition. Boyle's law, Charle's law etc.

T

N transforming it into
Pipes).

substances which take !
the gases not only their
e also change under the
were derived from these

conditions. ‘
Beyle’s law - pV = a constant (at constant temperatyre).
, v
‘-gbarles law - T ~ @constant (at constant pressuyre).

Boyle's and Charle's law together Bive gas equation.

\%;..—V = a constant, called gas constant (R)
= 8.31 joule/mole-kelvin.

Calorimetry : The branch of thermal physics in which heat is measured
by the principle of heat lost and heat gained is called calorimetry and the
apparatus used for the purpose is called calorimeter. The calorimeter is
made of copper. The principle of calorimetry states that the total heat lost
is equal to the total heat gained and this is based upon energy conservation
principle.

The heat lost or gained by a body depends on the mass of the body and
on the rise or fall in its temperature.

Thus; AQ = msA8.
where; s is a constant called specific heat capacity of the body
m = mass, A8 = rise or fall in temperature.

APecific heat capacity : This is defined as the amount of heat required
to raise the temperature of 1 kg of a substance through 1 K thus

AQ =msAB  =s= A0

mAb
Ifm=1kg and A0 =1 kelvin then s =AQ
S.I. unit of specific heat capacity is J kg' XK' and in CGS it is cal.

ﬁm | ug]‘
Thermal capacity : It is defined as the amount of heat required to raise

the temperature of a given amount of a substance through 1 kelvin, thus
thermal capacity = ms Joule/kelvin or cal. °C .
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Substance 535 N bt 0.50 |

Lead : e '

Brass ::T | Alcohol 33'2] l

Iron : Tarpin ;

Sili'ca fﬁaﬂd} ﬂ.zﬂ Ziﬂl: U.m |
ki 21

Aluminium 0 capacities of the gases

i iti Molar heat
Specific heat capacities and
’ On supplying a substantial amount of thermal energy to gage, -,

temperature of the gases increase and both volume and pressure chan
along with it. Thus, it can also be interpreted as the temperature varj,,.

with pressureat constant volumeand the temperature va l-!'lﬂtlﬂ‘l‘l withvoly,
at constant pressure. That's why gases have two specific heat Capacities.__

one at constant pressure indicated by C and a.irfother at constant v
indicated by C . Hereit is alsoobserved thatspecific heat at constant Pressup,
is greater than specific heat at constant volume. :

Specific heat capacity at constant pressure (C ) : The amount of heay
required to raise the temperature of 1 kg mass of a gas through 1 K at CONstan

pressure is called specific heat capacity of the gas at constant pressure (C
Specific heat capacity at constant volume (C,) : The amount of f-;é;t
required to raise the temperature of 1 kg mass of a gasthrough 1 k at constan;
volume is called specific heat capacity of the gas at constant volume (C )

Molar heat capaci : 4
pacity at constant pressure (C ?] : The amount of heat

1.
!

(i) C is greater th ‘
r an Cl' and Ma F
called Mayer's s Yer established relation; CP -C, =R,

Here R is ca
called gas constant ang jts value = 1 99 2
~ 77 = 2 cal /mole-K

(ii) &f == ratio o =831 Joule /mole-k

iient.‘n_l .
e AMOunt of ooy S 1S QUantity of
Ea“““’fSEitSte o Waterink whi
mPErEthre th 8 ich
rough

the .
orkg Y When heateq throygh the will require the

1K as jt .
Same temperature_ T:;i: 1S required by

If :
. mbeﬂ-lefnassmfab Yink Its unit is gm
d E‘IUivalem o NKg and
Yy=W< _ms ecific heat in SI ynj
200 unit, then
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R | ' Obviously; water equiv |
are numerically equal.tq alent (in gm) and thermaj capacity (in cal,/°C)

expressed in cal /fgm in CGS uni : ;
Fhiti Al unit and in lﬁutefkg in SI unit,

where, Q = heat required
m = mass of the substance (solid)

:g u‘le L = Latent heat of Fusion,
ang, Latent heat of ice (latent heat of fusiq i
- n of IEE]' =80
‘[ahﬂn B0 za; !ng
=336 x 10° ] /k
i _—_——
: .;he , lt..alent h;aft of vaporisation : The latent heat of vapufisatiﬂn of a
re substance is defined as the quantity of heat required to convert 1 kg of th
gul.;s.a.tance _fmm {tqurd to vapour state without change of tem ratu%e t tz
eat boiling point. It is also expressed in cal /gm in CGS unit and o kg
e gy in Joule /kg in
) Thus, Q=mnlL,
ét where, Q = heat required
- m = mass of the substance (liquid)
L = latent heat of vaporisation
it Latent heat of water (latent heat of vaporisation of water)
< _ 536 x 4.2
=536 cal/gm = =3 J/kg = 2250 x 10° | /kg

: Change of state of matter: A substance can be found only in three states

of matter— solid, liquid and gas. If a certain amount of thermal energy be
supplied to the solid state then at a particular temperature (melting point of
the solid) it is converted into liquid and this thermal energy is latent heat of
fusion and conversely if such energy be withdrawn from the liquid it would
be transformed back into the solid state. Similarly the liquid is converted into
the gas (vapour) at a particular temperature (boiling point of the liquid) and
the thermal energy supplied is latent heat of vapourisation. Conversely by
withdrawing required thermal energy, the gas could be again transformed
back into the liquid state.

%am at 100°C is hotter than water at 100°C though water is boiling. This
is strange but true because boiling water has only thermal energy whereas
steam has thermal energy plus latent heat of vaporisation. Because of this
steam is more painful than boiling water.

Most metals are found to be in solid state but mercury (Hg) exceptionally
is the only metal found in liquid state.

Melting point of a solid : A constant temperature at which a solid is
transformed into liquid by the supplied heat energy of latent heat of fusion

is called its melting point (m.p).
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: When a solid melts, there may be an Incregieie |
Befect of ’f";“ﬁth‘:ﬂ application of pressure. ThE. mEImES ::ﬂ
i o B 'ﬂ;: wax and sulphur increases with increase in prE!;lSd s le =
mms?hds 1':t of certain solids like ice, gallium and I:u.m’ru.:t.l e:re’;s:s
“‘Fth“‘.emnfss?:‘ pressure. Thus, ice will melt at a temperature r:“’ T
;lt:‘_‘ ;Eg:the pressure is higher than that of the normal pressure.

ect of Impurity : Normally the m.p. of solid decreases:indt:;e:i;:?crﬂ)};
- rfumes are a
on mixing impurity. Example- If some salts ornpe
0°C then its melting point decreases upto - 22°C, _ P

Freezing point : At a fixed temperature the tr;_msfurm?tm::hc; fh ;E;; 1
into the solid by lowering the temperature. or wn}hdramr;g _ i
energy (latent heat of fusion) is called freezing point. The reezing p
coincides with the melting point of the solid. . o

Boiling point of a liquid : A constant temperature at which a liquid is
transformed into gas (vapour) by the supplied heat energy of latent heat of
vVaporisation is called boiling point (b.p).

Effect of pressure : When a liquid boils i.e. changes from liquid to gas
there is an increase in its volume. Thus the boiling point of a liquid rises
with increase in Pressure and vice-versa. Thus a liquid will boil at lower
temperature under reduced pressure. Hence; water will boil at a tem perature
lower than 100°C when the pressure applied is less than normal pressure.

Increases,

Condensation point : At 4 constant temperature the transformation
of vapour into the liquid is called condensation point and usually the
condensation point and boiling point of the liquid coincides,

\Aiffemnce between vapour and 8as : If the liquid boil
mperature (b.p) then after a few seconds latter latent hea
generates the vapour. But a few seconds latter vapour

temperature which is called critical temperature (T) above
is called gas.

s at a particular

3. Transm ission of heat

Due to substantia] temperature difference the heat
one place to another in 4 substance then it ig called transmission of heat.
There are three processes (modes) of the transmission of heat—

() Conductionlii) Convection and (i Radiatio. =

s transferred from
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is not relevant and significant in liquid and gas.
of heat in the substance is called therma conductivi

-temperature differencebetween

where k is a proportionality constant called coefficient of thermal

conductivity whose value is different for di
S emwmi-on ftsenmretiar ifferent substance (conductor)

A = area of cross-section

Af = difference in temperature
Al = thickness

At = change in time

AB .
Also here, A called temperature gradient

On the basis of thermal conductivity the substances are classified in the
following types—

(a) Good cﬂnductu:r : The substances through which heat is transmitted
very easily and conveniently are called good conductors or conductors. Most
of the metallic solids are good conductors.

Examples : Metals, acidic water, human body etc. are good
conductors.

(b) Bad Conductor : The substances through which heat is not
transmitted easily and conveniently and a little amount of heat transfers
are called bad conductors. Examples— Wood, fiber, glass, rubber, air etc. are
bad conductors.

(¢) Thermal Insulator : The substances through which heat is not
transmitted by any means (methods) are called thermal insulators. In fact
bad conductors are sometimes synonymously used as thermal insulators.
Thus, we can say bad conductors are good insulators, In garments and cloths
air is trapped which provides a good insulating characteristic.

Examples— Abonite, asbestos etc are insulators.

(ii) Convection : In the process of convection heat is transmitted in
the substance by transfer of molecules (particles) of the substance and
thus a current due to the molecules transfer is generated which is called
convectional current. = = e

In liguid and gas heat is transmitted by the process of convection and.
ﬁﬁﬁféﬁl&:ﬂf solid are not free to move?sn-hgat—mnh'nt be transmitted
in solid by the process of convection. Whenever a liquid or a gas is heated,
the molecules (particles) of these substances become lightened and move
upwards and then cooler molecules settle downwards and heated. Now
a convectional current is formed and heat is transmitted throughout in
the liquid or gas. The atmosphere of our earth is heated by the process of

convection.
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dium throug e
xﬂr:i;iliﬂn} are the electromagnetic wayeg wh
ain bodies manifest themselves as |, ear

tic waves that stimulate the sensahﬂ
diations, while those Pmdu

and "'éﬁﬂﬁ:;';'i!‘l_é'mu
energy) from the sun by the
thermal radiations (simply

i f cert
an being absorbed by the
;‘lur there are also other electromagne

inous rd

f vision and these are called luminous r<
:hcn'u‘r:nl changes are called actinic radiations.
Difference between thermal radiation and light rac?iafiun : Th'i‘fmal
radiation (heat radiation) and light radiation j[uptlcal radiation) both havl
the same form of radiant energy and the difference between them isg

difference of frequency or wavelength, but not of kind.

Sources of thermal radiations : Any hot body maintained at 5 consty
temperature may serve as a source of thermal radiations. The earljest Son nt
of thermal radiations suitable for simple experiments on radiation is a leglia
cube which is simply a hollow cube of metal blackened on one side i
[.1mps<mt. When the boiling water is poured into it, radiations are fmﬂ‘
Irm?1 blackened surface, But now at present two special devices h 'E:m]ﬂﬂd.
designed by Fery and Wien's black bodies which are usually ks |
source of thermal radiations. The ideas of these radia t‘.ic;n Y used as th,
concept of black body and the theoretical fact is that the quaiqi tt;fl

inside a uniformly heated enclosure i
R : ure is exact|
radiations (radiations from a hot biack bc:-fivcj; the same as that of black body

Black body : A perfect
all the radiations of whate

reflects nor trans
amils an
of the incide y rad

I
emperature enclosure, it wij ab

ahlsnrbs completely

PD:‘; it. Since it neither
Whatever the colotr

i 0

I1s placed inside 5 s

body will e; Y the pres -
teml'ﬂﬂnrtu‘:em:: -[t?,t‘ full radjag; E e X any body j
L J' jl‘ o 3
e full radiation CONSistir. © radiation emitted by ai:;"lg Mg
ack body is alsg
9 )

chis assumed

I'b5 Tacks
ed raqr Cally all the visible

od ¢ pow g :
Yatag en | and A‘b“‘“l’pt'v rec radiatioy,

nd per o veli o SiVe power of g

Mmbo)] ically 1.: surfaea areaguf t;:? e ined as the
resente j, € bod i

Ve Y per unit

At
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:3;;, It is symbolically represented by n:EY falling per second on the same

Kirchhoff's la?v : It states that the ratio of emissi
wer for a radiation of a given wavelength isn:‘lf:we Sy o ptive
po he same temperature and it is equal

E:;:ck body at that temperature.
emissive power of any body {"’1}

Thus absorptive power of that i:;'dy ':”aj

= emissive power of black bod

This law also concludes that if a b
wavelength strongly, it also emits th
alternate statement of Kirchhoff's 1a

Red glass appears red because

y at the same temperature (E,)

g 1 :
ody absurl?s radiation of a particular
¢ same radiations strongly. Thus, the
W is good absorbers are good emitters.

from the thermal radiation incidents

: eated fora long time
and conversely on heating a green glass it appears ,ﬁd_
Stef.an's law: It states that the total radiant energy (E) emitted persecond
from unit surface area of a black body is pProportional to the fourth power
of its absolute temperature (T) P
T4 = 4 .
Thus, |[Ea T = E=oT", Here, o is called Stefan's constant.

Boltzmann established this law theoretically from a thermodynamical
consideration and h?ncg an extended form of Stefan's law is called Stefan
Boltzmann's law which is stated as below— )

If a black body at an absolute temperature T is surrounded by another
black body at an absolute temperature T, then it will lose an amount of
energy oT? per sec per unit area and wil gain an amount of energy oT *
per sec per unit area from the surroundings. Hence the net loss of enr:rgni.r
per sec per unit area of the body will be E = o(T* - T*) which is called
Stefan-Boltzmann's law. v

Newton's law of cooling : It states that the rate of loss of heat energy
of any hot body by the process of thermal radiation is proportional to the
difference between the mean temperature and the surroundings.

.itappears green

Q H‘l + I'l2
Thus the rate of heat energy lost (T) =k —5 =%
where, = a proportionality constant

8,, 8, = two temperatures of small time interval.
8, = temperature of the surrounding.
I =tlime
It is observed that if a hot body loses its heat energy in such a way
fhat its temperature falls from 70°C to 60°C in particular time / min,Jhen
it will take more than f min. in the temperature falling from 60°C to 50°C.
By the process of radiation the heat energy lost not only depends upon the
""f“_nper_am,-e difference of the body and the surroundings, but also on the
the surface of the body and its surface area.
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— = ‘of the body and o _
Pef‘m wt an approximation of
cooling becor .

tions of transmission of heat in our daily ““
lications of conduction .

ece of iron and W“‘}dlf:?:eg T,the Same

vood. The reason belina 1tis good ¢ - 98

e imr;,lﬂlizﬂies"nﬂ*;::;‘:;wn to the piece of the wood. . t

of heat by ermperature (normally 37°C) is generally greater than

Our body P': ouch an iron piece, heat is rapidly conducteq i

the room. When we Jo% 12 «o0d being a bad cond m fhy
hand (hotter body) to the iron but wo g onductor congii

very little amount of heat. So we lose more heat by touching iron thay,
That's why an iron piece appears colder. E:.:t Whﬂ_ﬂ bﬂ'fh are keptin the 4

sky under the sun, then on touching the iron piece it appears hottey

the wooden piece. This can also be explained exactly in the simi)a,

(ii) Eskimos live in the houses

of double walls of ice as shown in
the figure. Such houses keep people
warmer and comfortable because air
molecules are being trapped between

the ice walls of the house which is bad
conductor of heat.

ﬂtﬂlﬂu and Applica
(A) Utilities and Applica
(i) When we touch a pi

_ iiii] Eﬂ drink teaina metalliccup s Sskimos Dweﬂ;ng .
painiul than to drink tea in a ceramic or fibe 3
pai rcup. The sj :
itis that heat from the tea goes into the metallic l::mm:; wl:;;ﬁie oment Nl

ecomes hot yng
ueto good conduction of k .1
nrﬁbercupheatduesn'ttr b

Effﬂctive[y_

legze
€ and sea b _
tof reeze are

ighter the earth is hotter :
aNd rises up, Cold
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5¢mﬂ"w""ﬁt direction in the southern hemisphere. These are called tr de
o

winds- b
Land is a better absorber of heay i
: d has a hj :
*‘mfiumﬁt}' tha':' water. Consequently land attains alﬁ??wt}mmmmc
during = c!n}' wo— - ‘-'U!'-_I'I-parimn to the waler. Air ufer t te:i“ S
lighter and rises up. Cold air from Seds, 0ceans or lakes and becomes
This is called sea-breeze. akes rushes to the land.

As a body which is a good absorber of hea
e tis also i
};-.ML f}?a:? : :r%?tththee\,t:::ge r:tu reoverland goeson falling gng::id mI::lI:a;:-I; igf-
than : < Al Over water being h : %
from land flows into the sea. This is called langd l:rt;:;: ses up and cold air

o fillup inert gases inside the i : i i
of the filaments of theelectric bulbs whi cﬂﬁ;::;: i:ﬁ;:tg:td{ﬁeﬁ::::igc
wt. and high m.p.) the bulb is evacuated (creation of vacuum) .hlsg to avoid
the melting of filaments in the bulb some inert gases like a ::mn or krypton
are filled up and thus thermal radiations generated by E%ents form a
convectional current inside the bulb and a tremendous quantity of thermal
energy produced doesn’t melt the filament.
(C) Utilities and applications of radiation

(i) Cloudy night of winter is warmer than that of night of free and
clear sky : In the night of free and clear sky the thermal energy (thermal
radiation) produced from the earth's surface goes upwards uninterruptedly
into the space through the sky. But during cloudy nights these radiations do

not go into the space as the cloud is a bad conductor of heat which prevents
these radiations get reflected back and our surrounding becomes warmer.

(ii) In desert area day is too hot and night is too cold : Since sand (silica)
is a good absorber of thermal radiations and by Kirchhoff's law a good
absorber of heat is also a good emitter (radiator). During the day the sand
absorbs the thermal radiations from the sun and so day becomes too hot
but at night all such radiations are emitted thus night becomes too cold.

(iii) Outer layers of a tea container (jar) are made bright : The bright

layer neither permits inner thermal energy to go out nor absorbs or accepts
outer thermal energy (radiation). It simply reflects and thus the container

remains hot a longer time.
Prevost's theory of heat exchange : The most basic and fundamental

concept about the radiation process was propounded by PrevostatGeneva
in 1792. Before this theory it was assumed that there are two types of
radiations - hot and cold. Cold bodies emit cold radiations and hot bodies
emit hot radiations. A block of ice was supposed to emit cold radiations,
because it produces a sensation of coldness and a red hot iron ball was
supposed to emit hot radiations, as it produces the sensation of warmness.
If this is a fact then there must be a basis to define hot and cold bodies.
But we have no such basis of thinking and no scientific background. The

correct explanation was given by Prevost.
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ive of their tempera

.'ﬂ X
ies. i factorre
- at all bodies, irrespec only core rregar
2 t nffaeji:htinn and temper. ““"}fﬁfﬁ:l Emissiqn{ra?;zgf::i ]
B et ruision. Atlow temperature, the the emission of radiatioy
.:'lhﬂteﬂfemm.ﬂﬂi;-ﬂrand at high temPEral“uf;:ich is obﬁel“"‘?d in atchmd?‘
1I'IW.W!‘L“:gr.‘]Eﬂ'-ll":;'ill 15n‘I:-.;e or fall of temPEmmtr; ¥ “;mundiﬂﬁ b“dmﬁ;: wf 1hegu$’- '
very high. The iant energy withsu attainment o rmal
du?;ﬂ ilsexchingi:f:;ﬂ:zmuurﬁy even after the change. When we |
interrupte i
:u?[?t;?it:m, F;']'iis is called Prevost’'s

heat ex
mm?ﬁmneﬁ because our body
tion ©
tan i have the sensa
d near a fire, we _ AciEy
ilﬂd’: is also a radiator receives more

;|

from the fire .thill'l Whﬂt-.IH

. we fee] 5

 stand near a block of ice, we e

loses through rzdiﬂtit;n.{:g:;v;t::bt;;tilnﬁ more radiant energy thaz‘ﬂ
ion of coldness be .

m ::n:wives from the ice. rs the thermal fﬂdi“ﬁ?'ﬁ_’ ,
i rometers and bolomete iles are the appropriate,

By the devices Py but at present thermopiles oture with resistangg

were detected earlier ,[;! sis of variation of tempers r, stars.ete’ caniil
dEﬂlmt? npﬂrj&i‘fe:m'fl":::ﬁ i-lthr_» temperature of the sun, )

of platinum wires. ~*

|
rs.
measured by pyrometers and bolomete

4. Kinetic theory of E:Ees s was first explained by
- s iour of gases il
: ical analysis of the behav “lausius consensus]
J HLII':(:T.:II::}{I,!:E : II;H‘ | ﬂlgﬁ Maxwell, Bﬂnﬁ martm mgwu;_r];clierand beha\rimu}:'
; B = f thenature,
hensively gave the theory o _ i - - _
and mm.PrL ensively gded various models and (_'(}ﬂqullEﬂ!.]}" a the r}'jvas.
of gases and propoun . b s. The fnllnwmg assumptions
concluded whichis called kinetictheory of gases.
(postulates) were given as below— . . ‘
(i) Each and every particle of gases has_iu_:ie_nmal mass and volume and
these particles are called miolecules;

(if) The molecules of the gas are in random mntiof‘l an.d they' obey
Newton's laws of motion. The molecules move in al directions with all
possible velocities from zero to infinity and collide constantly with each
other. Collision also takes place on the walls of the container, Thnugh the

d in magnitude and

direction due to mutual collisions, erature and its over-

veta particular temp
all distribution In volume e

lement remains unaffected.

(iii) The volume of the molecules js negligibly smaly
the volume Occupied by ¢

V the gas.

(iv) The collisio
The collisions of ¢
container in v
The time of the ¢
trawrsing the

(v) The

N com Parison to

of negligible duration.
the wallsg of the
mentum ang kineti

arises dyer 525 €XItS pressyre on the wajs
arises dye tocollisiong of the Molecyles with (]

suffers 4 change ; € walls Asa ] id
: g€ in mome “wdmolecule collj es,
the foree exer mentum, T 1€ rate of

ted on the wall (N Chﬂnge of Momentum is equal
> E"Wt 'e © =1 * -
8¢ Number of g, ectlles collide fregy,,. - >econd law of motion), Since a

re
quently, asteady force given

of the COntainer. This pressure

» they exert
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" change of
- the average rate of ge of momentum,
g of the wall is called the 'pressure’ of the g-l:-};fﬂ force measured per unit

The P"Eﬁs‘"’f E"f:“d by the gaseous molecules on
where p = density of the gas |

Ez = mean-square speed.

Thermodynamics is that branch of Physics _ .
med about the transformation of heat _E’[’“ﬂ ml:d:'::tichl we are rf-.am]y
ment of time thermodynamies covers al cal work. With the |

ccience and the laws of thermodynamics have be
cvation and experiments since long.

Thermﬂd!_l'“‘“‘ic system : A thermodynamic system is one which ma
interacts with its surroundings in at least two distinct ways and one of these
is necessarily a transfer of heat in or out of the system. The other may be
come other means of transfer of energy, say by performance of mechanical
work by or on the system or through electromagnetic interaction such as
magnetiﬂﬁ“"-

E,mple:hgascuntained inacylinder, a vapourincontactwithitsliquid, '

a stretched wire, tyre containing air etc. are examples of thermodynamical
5}'5t£'m,
Thermal equilibrium : A thermodynamic system is said to be in thermal
equilibrium if all parts of it are at the same temperature and this temperature
is the same as that of the surroundings.

Zeroth law of t odynamics: If two independent thermodynamical
ms are in thermal equilibrium with a third thermodynamical system,

then they must be in thermal equilibrium to each other. This is called
Zeroth law of thermodynamics and it becomes a base for the definition
of temperature. All these systems can be said to possess a characteristic to
remain in thermal equilibrium and this characteristicis called temperature.
. Thus, we can define the temperature of a system as the property by virtue
of which we determine whether the system is in thermal equilibrium or

not with other neighbouring systems.

Mechanical equilibrium : For a system (thermodynamical) to be in
mechanical equilibrium, there must be no unbalanced forces between
different parts of the system or between the system and the surt:nundiﬂgﬁ-

Chemical equilibrium : For a system o be in chemical eqml:briumr;mlh;
Omposition of the system must remain fixed (constant) and system

ve a definite physical configuration. .
Thermndynamical equilibrium : If a thermudyqan‘ﬂ
lequilibrium, mechanical equilibriumand chemicale

cal system is in
quilibriumthen
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amical equilibrium. In the

. odyn : i
aid to be in therm ccurs in the state of g,
ﬂ;fhs:mnnﬁfd;::miml equilibrium no change ® YStegy 5
0 i
ings. . AN - ope
in the surrounding definition of Ideal gas {Elﬂrffd Eﬂﬂ_l *AN idegiae into!
Thermodynamical det’ ternal energy is entirely kinetic and gq 8 ‘
(perfect gas) is one¢ :'[}1*‘;5:;; is independent of ils_vulu‘mm This defiy, [}:-.;; whic
onits tcmperntusf' e:; : rﬂ m Joule's experimen ts which simply showeq 7 bod?
has been m“.d::,ﬂnn:ecujar attractions among the gaseous molgq, any
;i_:uri Itsut:?uﬂemal energy is entirely kinetic and it depends y o
temperature only. h ZETe
. s g I gas: Areal gas hasintermolagy to t
rmodynamical definition ofrea ‘ .
It;lﬁnns -1r§::ng gaseous molecules and thus the n_ntﬂmal ENEIZY is e the
potential and kinetic. Thermodynamically real gas i called Vandery,, Hen
thm-,,_,mmmch;.racmrandbehaviuuraredeterrmned by Vanderyaq
gas equation (p + a/v?) (v - b) = RT, where a, b are called Vanderyqy
constants, abs
JFitst law of thermodynamics : The first law of mennﬂd}rnanﬁa
simply the law of conservation of energy applied to the thermod un
system. According to this law if a substantial amount of thermal er.ﬂ.gj' pri
_su,?phod to a thermodynamical system, then it is partially used in chanein = ?t'
::nhlrr'.:itjﬁf:::argv (temperature dependent) and partially used in ::IIII ::I:
If dQ is the thermal energy supplied and dU and 4 .
internal energy and external work done res ' e o are changg
First law of thermodynamics. respectively, then according to the T
4Q = dU + dw, c
All are expressed in s . .
i same unit and it i : , Ly L
hlrh!l ol thermodynamics, s called differential form of the .
n thermal physi : . T 1
) CS practically al] :
into lhurmalene Ya mEChamca] — 1
rgy (heat . works can be
of thermody IS g energy) but its converse g transform g

an ocean by extractiﬁg
NServe Ply tells that ifa
i i:ﬁ{;fid““'s"‘t tell us whether
ar ISn - 3
om colg mhml 0 hot. But {ft vm}?tﬁ'd Wl]ethi::;i? EDI?I pocy
Y. e has ghq - Neat flows from
wn t

h a mod at heat never flows.
Portan ﬁlﬂlemeﬁ:{.}cess’ its dj eg"}:mics €xplaing 4,
and it p, © Possibility of the'

elevan y of the

Y. In this regard two

-

Scanned by CamScanner



i O g

tis impaoe
oFmtes in a cycle that will take heay [mpr:‘):!:g;to construct a devi Yehich

ﬁm_ into the work without leaving any ch“gﬂ an“:' and convert it completely
o Bas Clausius's stalement : I} s impossible Tu":unstr;
sdefinit; which operates in a cycle that will transfer heat fro t a self acting device
i on without expenditure of work by an ext m a cold body to a hot
towed thay  aid of external agency. In other words emal energy source or without
mﬂIECuiEs. ?:;::ﬂ a colder to a hotter body, ords heat cannot flow spontaneously
i Upon . .
Pon the Third law of thermodynamics : The entropy of an
zero (lowermost temperature) is a universal constant Y ;}_"5:::m at absolute
- ; ant, wnich may be
moleculay t:;g?}il&::m. T Bl Vot of thermodynamics or szs:ﬂﬁ::t
gY is both b i
derwaal's Here two m:npu;tant Eﬂﬂﬁ«e.i:]-llﬂﬂfﬁ“s of this law are -
lerwaal's (@ SPE“::F : e C?pacmes of a system vanish at absolute zero
lerwaal's (ii) Coetficient of volume expansion of a .
_ _solute ZEro. ny substance vanishes at
! An alternate statement of third law of the e

namics js unattainability of absolute zero. A fundamental EET;*: n;m ;;:f c‘j lfhe
yica) processes is that if the temperature achieved is lower, it is difficult fumg
_EllEl‘g?' is still lower. Thus, Third law of thermodynamic can afs-:- be stated as itgis
_:l'_lilngfng {mpos!flble 1;0, reduce an}ésystem to the absolute zero by a finite number of
in doing operations by any procedure, no matter how the system is idealised.

Entropy : If a substance takes or gives up an amount of heat Qina
reversible process at constant temperature T, then Q is called an increase
or a decrease in thE entropy of the substance. Thus change in entropy is
denoted by A § = T Obviously its SI unit is Joule/kelvin and its C.G.S.

unit is Cal/kelvin. But the Second law of thermodynamics imposes the
restriction in which only those processes are possible for a system in
which entropy of the system plus surroundings always increases. Thus,
on account of the processes occurring in nature the entropy of the universe
is continuously increasing. That's why entropy doesn't obey the law of

conservation.

heat Our every day experience tells us that chaos (disorder) must probably
irst exist in nature as usual while the orderness is the least probable. Thus,
ble. in all natural processes there is a tendency to proceed towards a state of
ing great disorder. As entropy of a system increases due to natural process
Fa taking place in the system, the degree of molecular disorder of the system
- also increases. Thus entropy of a system is a measurement of the degree
.4 of molecular disorder existing in the system. That's why we conclude that
1 gas has more entropy than liquid and liquid has more than solid.
s i.€. (85) ,yyopy > (liquid) . ypy = (solid) iopy.

Some important thermodynamical processes . -
e (i) Cyclic process : The thermodynamical system wh:chORE{atE:i:;‘tﬁ;bE
2 a way that its initial and final conditions are the same, then itis s

N a cyclic process.

___ e —

Scanned by CamScanner




B6 General Science ‘

By the First law of thermodynamics

dQ =dU + dW = UI-U'+AW=dw 5 UI=U,.} _

Thus, total thermal energy would be utilised in doing mechanical work
and change in internal energy would be zero.

(ii) Quasi-Static process : A process in whichasystem neve works more
than infinitesimal (very small) from the equilibrium state and it is called 4

quasi-static process. Thus, the quasi-static process is an ideal process which

can never be exactly obtained but can be approximated under some specific

circumstances. .

(iii) Reversible and Irreversible process : A reversible process is one
which can be reversed in such a way that all changes taking place in the
direct process are exactly repeated in the reverse order (opposite sense) and
no changes are left in any of the bodies taking part in the process or in the
surroundings. The conditions of reversibility are never realised in practice,
hence a reversible process is only an ideal conception.

Any process which is not reversible exactly is an irreversible process.
All natural processes such as conduction, radiation, radioactive decay elc.
are irreversible processes. Thus, irreversibility is a rule. |

(iv) Isothermal and Adiabatic process: When a thermodynamicsystem
undergoes through a process in which its temperature remains constant,
then the process is said to be isothermal. The essential condition for an
isothermal process is that the system must be contained in a perfectly

’ conducting chamber and it occurs extremely slowly in which the heat

produced or absorbed during the process at once goes out or comes in from |
outside. Hence, temperature will remain constant but as there is no perfect
conductor, so isothermal process cannot be performed exactly but can only
be approximated. Ideal gas equation PV = RT is directly applicable for an |
isothermal process.

But when a thermodynamic system undergoes a process under the
condition that no heat comes into or goes out of the system, then the process
is said to be adiabatic. Such process can occur when the system is perfectly
insulated f'mm !;he surroundings. But since no perfect insulator is available,
perfect adiabatic change is impossible, Thereby, an approximate adiabatic
Eﬁ C‘E}I‘: rl::.- obtained .(achlfaved ). It is an extremely rapid or fast process
‘ : is a very little time for the heat to go out or to come into the
system. The equation PV = constant is directly applicable and relevant for

an adiabatic process, where y = specific heat capacities ratio of the ideal
gas.

Em"!pl?ﬁ :Ifa gas is suddenly compressed, the heat of compression is
added to its internal energy and its temperature rises. That's why the bicycle
ﬂu-:s ;; :al:amd whgn the airinitis suddenly compressed. Similarly, if agas
s []: :);F::-J :d, then the external work done during it against the
energy andgil'; lemt energy (equivalent to the work done) from its internal
expansion of air intEetrIiltum falls. When a motor tyre bursts, the sudden
tyreis cooled down. A 4 almuz.;p]-le,:e 15 an adiabatic process in which the

n-Asinanadiabatic process no heat exchange takes plad
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<o eNtropy also remains constany. That's wh L

;‘-‘!H'E'd isentropic (constant entropy) p e the adiabatjc Process is also
prepare dry ice (solid CO,) carbon gi . .

and consequently it converts into ice, “ﬂllejlz,,‘.;.dr i
On shaking a thermos containing

% » i ﬂl‘lg Viscous f

shaking the exis orces amon
oxternal works an::! these works are trans
its internal energy increases and g

(v) Isobaric and Isochoric process : A .
place at constant pressure is called an iwbaﬁ:';:ud}fnamnc Process taking

gxample—The boiling of water to steam or the ¢
(aking place ata constant pressure (also atconstant te
A thermodynamic pProcess takin
isochoric process. Obviously, in such
Pﬂ‘cﬁﬁ is zero (dW = 0).
Thus, in an isochoric process, the
ystem only increases or decreases the i

% Sudden)
S8 nly expanded

reezing of water to ice
mperature) are isobaric

8 place at constant volume is called
a process the work done on or by the

heat added to (or taken from) the
nternal energy of the system,

Ifan ideal gas is assumed to be 3 thermodynamic syst
by the gas or on the gas are different for different proc
be compared as given below;

Wiabaric ™ Wisothermat > Wadianatic > Wiy

> W, sbosc > W isotheemi = Wibase — Thermal Compression

— Thermal Expansion.
Wicachoric

Miscellaneous topics
(I) Cooling process (Mechanism)

(a) Evaporation (Vaporisation) : From the outer surface of any liquid
at any temperature slowly and steadily the transformation of liquid into
vapour is called evaporation. In the process of evaporation (vaporisation)
the heat energy is supplied by the inner molecules of the liquid and when

a sufficient heat energy is acquired by the molecules of outer surface then
these molecules start to detach from the liquid. Thus, vapour is formed and

along with themselves molecules have lower heat energy and ultimately
temperature falls. Thus evaporation is a process of obtaining the cooling
from the liquid. The evaporation depends on various factors like amount of
vapour present in atmosphere, the area of the liquid surface, the temperature
of the liquid etc. If the water vapour f.esent in the atmosphere is large then
the rate of evaporation is least and vice-versa. That's why in summer wet
clothes are dehydrated soon and made dry in short interval of time, while:
in rainy season the process of drying takes a longer time. In summer, surahi
(Water container made of ceramic) by the evaporation process lowers the
temperature and water becomes cool. If the body tEmPErﬂmfe_ of a man/
women due to suffering of a severe fever becomes extremely high then on

keeping the weted cloth on his/her forehead such high temperature can be

Owered down through the process of evaporation.

Scanned by CamScanner




General Science

" . cooled do
48 | or any closed space {fﬂﬁlnn? canrllﬂf"ﬁi" be warmed
- / ul::ld:m of the refrigherat?r bufi:;“::t‘::fof and expels it into. _
3 gat mrom % b
As the mhgg:ft;:ruﬁr:::::lﬁv warms up the room [ hall or closed 5{:}3 e
surrounding air, mdu-:;as cooling by the process of evaporation, rm
The refrigerator also p filled up in the vapoureq

" _— is
the of refrigeration the liquid &]:rl;tio" cooling is achieved,

of eva )

coil of copper and by the process ¥
jabatic Demagnetisation : At present by the meﬂ?amca[

By A d by the method of adiabatic

. is obtaine
rocess the lowest temperature is oblal s ‘ .
gemagnetisatiﬂn. When a paramagneuc substance i1s magnetised, its

molecules are set in the direction of the magnetising field. The necesss
work done in this process is added to the internal energy of the substance
which suffers a rise in temperature. If the substance is allowed to cog]
and then demagnetised under an adiabatic cﬂnditi?n, the molecules
return to their original random distribution and there is a corresponding
fall in temperature. This effect is too much pronounced at a very low
temperature.

Giauque and McDougall used gadolinium sulphate (a paramagnetic
salt)and a magnetic field of 8000 Gauss in order to obtain the temperature of

0.25 K,

the porous plug, suffer 3 change i
S _ B¢ In lemperature and this tem
;_lh?“?“ "b ‘i"‘?“f}’ Proportional to the pressure difference of two F-::lat}lre
su}p ubi‘m ordinary temperature all Bases, except hydrogen and h l‘:'—"& of
lrir-:r a _ .13]! in _ten"nperarure (cooling effect), while h‘:,rdru = ATy
sulter a slight rise in temperature (heating effect), =1 and hEhum |
The lemperature of inversion (T -2
14 = !
;L;as!;md below this temperature cooling is observed hi
ovserved and at the inversion temperature nEiI-_]w: Whlle
er eat

takes
s place, ting noyp Cﬂnlmg
The inversjon temn
peratures for H_ an4
ce the:,',(_l i o 5 2 n Ht' dre — %
initial 1emPE§:ITJE;: Z?E h*:h_ngbeffem; at or nary te | % 240°
; i £1s oy s &
Bases will also show ronl?ng effect ght beloyw, _ 80~ an dL zt:{f If the
. - 'lC th
(d) Adiabatic expansion . s
to the atmosphere, tlfen Siltu;t‘n'e-:faa ':ﬂmpressed gas is
;lltr-lclinns- Since the expansion isn. Externa] ,,, rk a _E‘ruddenly released
uu:af flows into it from the surroyp ;uddn — Bainst ¢ olecy]
1€ internal energy of the pag it s - Ir.lgs‘t ee PPreci = ar
expansion () A Basiltsalf Xtern, AMount of
on the cooling is Main]| ich therﬂf Ork is 4
Y due o he o - O cools, - "AWn from
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Physies 5
|Four processes are common to achieve the coolin e
.maghﬂhepm?;wgrunngm;adiabmch:'ﬁ;?:mwum
mso i

3"“1"" = adiabatic demagnetisation in their increasing

i.e. (adi. demng.]m,.m“ = {qule»‘!‘hamsun}mms > (evaporation) ~
1) ta) Humidit Th . ﬂmpﬂn:l :
(In ta umidity : e _amount of water vapou in
atmosphere is rn]]ud_ ﬁ_umidity. The amount of water vapuf:r]?:; atm::-sm thg
n—_—'j?_ﬁir i 51 i ere;'ll f(;r‘ a:}jfterer;lt pla;_lces- Generally, the amount of water v]:p‘:;.t:-
near the sea-'evells large thus, humidity isalso large. In rai
e e ty 'ge. Inrainy season usually

(b) Relative humidity : The relativ
of water vapour in the air of a give
‘lding the required water vapour in air t
g fﬂ“r u.mperaturt'.

e humidity is the ratio of the amount
n volume at a particular temperature to
O saturate the same volume at the same

The water vapour in air of any volume at
1etic Thus, relative humidity = — =y epperahe

re of The water vapour required of the same volume

_ at the same temperature
oy ~ The relative humidity is measured by a device called Hygrometer. On
o increasing temperature relative humidity is increased,
: Saturated vapour : If at a given temperature air absorbs a definite
n- amount of water vapour, then at this state air is said to be in the state of
re saturated water vapour.
:h (c) Air-conditioning : The climate of any place on the earth's surface is
M determined by various parameters like temperature, relative humidity, the
f wind flowing direction etc. Usually for a hygienic and comfortable climate
I the following conditions should be fulfilled.

(i) The temperature should lie between 23°C to 25°C.
(ii) The relative humidity should lie between 60% to 64%.

(iii) The speed of wind should lie between 0.0125 m/secto0.01417m/
sec.

Such climate usually doesn't exist
areas. Thus it is prepared artificially and
operates.

naturally specially in the urban
on this principle air-conditioning

IV. Light
1. Nature and Speed of Light

Light: Lightis an external cause due to which any object becomes visible
for human eye. For the illumination or visibility of an object light incidents
upon it (up tg LL6th second). Then after reflection it comes to the eye and
then the object is seen, At present light is defined in the form of an energy
which transmits (propagates) as an electromagnetic wave and whose energy
is confined in the form of a small packet called photon.

Dual nature of light : In early time it was believed that light consists
of a stream of corpuscles, emitted by various light sources travells outward
from the sources in straight lines. This was the idea of Newton's Corpuscular
theory. The corpuscles directly penetrate through the transparent materials
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¥ fﬂpﬂquema .
fromthesurfaceso A i nation. .
burmt}ff::bfkmey cause the sense of dlurfu:]:e idea of light as a wayg :
enter the J".r iddle of 17th century f reflection and I'Efra::ﬁun ;
But during the Tl?ﬁ?f}:hﬂwed that the fan' t];ut it was objected that i
PEI'fEiVEd. HU}:EES‘}: the basis of wave lhmr}gi‘[ﬂu Id be able to Expns& it
lTl:.mlﬂ :‘: E:E:E::; the wave motion, then nn::'& the obstacles in lf;Eir Path_
the light exhibit res can bend arou res are 5o small thay
ar?und the mn1e£;:‘5m‘:i:ave]engths 01.’ hghtni:';‘; that it is not Drdina_ﬁ]},
e WE:: 'knm:;:ich actually takes place is 50 5rq.:mru:l the edges of an Object
the ben mlg'ft ct, the bending of light waves ab  Grimaldi before 1663 and
i — lled diffraction) was noted by Grima c: B¢ significanc,
(a FhenﬂergeguLm ke in 1665 in terms of wave pi ’
interpreted by Hoo ; ,
wa;,l:gt recognized at that ime. d Fresnel on the interference
iments of Young anc in liquids by Fouca
After 1827 the experimen ity of light in liquids by ‘ ult
and the measurement of the velaaicy uld not be correctly explained by
demonstrated the phenomer?nn wh];h ::-‘.i lained only by the wave theory,
the corpuscular theory, and it t"_ﬂ“id € asi re the wavelength of the Waves
Young's experiments enabled him to me ropagation of light as well as the
and Fresnel showed that the rectilinear g f could be explained if light i
diffraction observed by Grimaldi and ot E'-'l; .
assumed to be waves of shorter wavelength.

The next forward step in the thEﬂf}f Gf_ light Wﬂf’ht?kef' b::t P::LE'{;“;E"
who showed thenretr’cal!y that an oscillating g]ectr!l.a circu ; ?fﬂ
clectromagnetic waves propagating withthe velocity oflight. Approxima ely
fifteen vears later, Hertz succeeded in prnduclng shnrt-wavelength wa'{ea
of fluct;‘nnmgnutic origin and showed that they. possessed all the pmperhe:s
of light waves Jike reflection, refraction, Polarisation etc. Thys, Maxwell's

electroma gnetictheoryoflightwasex perimentally verified. Butunforty
the phenomenon of photoelectric

ject
metallic conductor by the inci i i
Raman effect oe. couldn't be e
explained these on the basis of Pj

At present the dua
icceptable. The phen

by theelectroma gneti
in the

als. Whenthey (co

Wag

ave theory. Einsteir
ank's quantum theory

I nature of light (both as 4 wave and 3 Particle) js
omenon ufprnpagatiu:1 of light

may best be ex lained
cwrwelheory,wh:lﬂthei ith,
Process of emissiq

end abgyps with matter
SOrption js 3 COrpuscula
Speed of lighy . f; 5
. o I8 d the valye of the

: € planet (Jupiter),
X Of the mediun differeny and it de

Tha , - Pends y pon the
aller speeq of lighs € mediym, Which hag large; refractive
The refractive inde

refractive inde
index has sm

The speed of )
0 mijle

Nser edium g}, d

: | e spee

e acuum 1, air the Value of h ‘P
va Ue of the ¢ =

ed o - o
1S lesgay than 359, Yacuum, in water it is
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yalues of the speeds of light in various media

Medium Speed of light (m/s) |Medium g

yacuum 3% 10° fse sz; of light (m/s)
ter 225 x 10* Rock salt  1.96 = 107

Oil of tarpin 2.04 x 108 Nylon 1.96 x 10*

Light from the sun reaches the earth's sy rface

: in 8 minutes 19 seconds
and the reflected light from the moon takes 1.28 seconds to reach the y
e earth's

Rectilinearpropagationoflight:Inanisotropical (having same density)
materialistic medium the rays of light move in straight line. This is called
rectilinear propagation of light. The formation of various types of shadows
the formation of image through a pin hole camera, occurrence of solar an:i
lunar eclipses etc. are the examples of rectilinear propagation of light.
Miscellaneous

(i) Firstly Newton asserted that light is made of micro particles or

corpuscules and it moves in a straight line. Newton also speculated that
white light is made of all the seven colours.

(i1) Huygens propounded the wave theory of light. Which asserted
that light can be displayed in the form of waves.

(iii) Young propounded the theory of Interference of light. Young's
experiment was the base of the verification and confirmation of wave
theory for the physicists.

(iv) Maxwell propounded the theory of electromagnetism in 1864.
According to Maxwell the oscillating electric and magnetic fields generate
an electromagnetic wave perpendicular to each other and its direction
of propagation is perpendicular to each electric and magnetic field. This
theory was verified by Hertz and later on commercial level too much work
was done by Marconi in this regard.

(v) Max. Planck in 1900 gave the famous quantum theory by the help
of an equation E = hv, where h is called Planck’s constant and v is the
frequency of emitted photon. He also explained that the energy in the
electromagnetic wave is quantized and appears descretly in the form of
packet called quantum and this energy is confined in the form of a pocket
called photon. This concept became the origin of Quantum mechanics
later.

(vi) Einstein on the basis of a comperhensive observation and
speculation in 1905 declared that the light is quantized and the energy is
divided into a small group called quanta and the corpuscule of the light
is called photon.

Sources of light: The sun, stars and other celestial bodiesin ouruniverse
are the natural sources of light. In stellar or solar system, hydrogen atoms
regularly transform themselves into helium and tremendous amount of
solar energy or stellar energy is produced. _

Apart of such energy is received by our earth's surface. The sun is

ng"nb!inn w VOZA T o lin evennsrrenr e eneeridd aned B{"I'ﬂrdinﬂ to Einﬁt&lnlﬂ' mass
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. =mc?), the rate of mass decay is 4 x 109

equivalent L i to approxmatet

Bnesgy equiy ill supply its energy up PProxmatejy

:lt'liﬂ Pmddlde?'esth;;:r:r;ﬁ:retdre saﬁfe artificial sources of light like e
ousand cro : -

bulbs, matches, candles etc. through which light raye

| e W i upaqu; Eﬁz fi‘t::{::}t;f a suu%ce of light, %hhen bel
obstructed on passing) is placed i : hich is called shadoy

the opaque body a black or dark region appears w e of light, If the . 1
formation of shadows depends on the types of sourc : dgu rn-bra e oy

of light is a point source, therrthe shadow formed is calle ile foy

an extended source of light is called penumbra. + .

Pin hole camera : In it rectangular wooden box whose inner . Iy

are painted black ang a pointed hole Rectangular wooden box
is made in the front wall of the box

; and rear wall has a cover of rubbed
glass or a piece of Oily paper are
taken. Whenever an object is kept in
front of a camera then an inverted
image is formed near the rear wall
of the box. If more than one pointed
hole is made in the front wall, then 8
J a number of inverted images are
' formed which are equal to the number of holes.
This also proves the rectilinear Propagation of |j
depends on the distance between the

distance between the object and the pointed hole. If on behalf of the

the photographic plate is taken, a distinct and decent (perfect)
formed.

Pin hole

-

Pin hole camera

_ Height of the object

™ Heightof the fmegs

\ _ Image distanr:_e from the hole
i - Werrdistance_fi-;m_iﬂm&
' Obviously, for a substantial magnification

Here, magnification

the object distance from the
, pointed hole should be small. -
f Eclipse :
(A) Solar Eclipse: When the moon comes between the sun and the earth,
then the shadow of the moon
falls upon the earth and from
the shadow region the sun is _____ 0 g
not visible and this position -

is called solar eclipse, This
eclipse may be ful) Or partial,

r Full solar eclipse occure on the
day of fuly moon,

(B) Lunar Eclipse : When ----. o o r
the earth comes between the
Sun and the moon, then_the ; ..
shadow of the- earth fallson' St g :
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the moon then the shadov h SOt visible ar
is called funar eclipse. This eclipse o oo s nOtVisibleandthis position
Ipse may also be full or partial. Full lunar

eclipse occurs on the da}r ol new moon.

Eclipses are not visible and do not oc¢
the equatorial orbit of the earth makegl:.r::::lﬂ ;::"t“'}' month beca-use
axis of the moon. o

2. Reflection of light

When a light ray incidents on a smooth a : )
undergoes (comes) back almost in a different E?repcftjll::msdu?}:rlf:gg e
light ray is called reflection of N v ence of
light. Aplanemirrorisassumed LR. RR
to be the best reflector. The il
straight line perpendicular to

the reflected surface is called Hr LR, — Incident Ray
normal. The angle between N — Normal
incident ray and normal is 0 R.R. — Reflected Ray

called angle of incidence and between the normal and reflected rav is called
angle of reflection. ’

There are two laws of reflection—
(i) Incident ray, normal and reflected ray all lie in the same plane.
(i1) Angle of incidence and angle of reflection both are equal. Thusi=r

Plane mirror : One surface of the mirror is plane and another surface
has a sharp metallic polish which is pasted. This is done to avoid the polish
decay. The backside of the mirror with silver or mercury layers (metallic
polish) works as reflector surface. The object and image both are located
at equal distance. In a plane mirror the formed image is always imaginary
and it is equal to the size of the object laterally inverted.

Some more facts related to plane mirrors |

(i) If a body having a speed » moves forward with this speed then its
image through a plane mirror appears to be moving with speed 2p. |

(ii) For showing the full image of an object, the size of the plane mirror
should be at least half of the object;

(iii) If the incident ray is kept constant and the plane mirror is rotated
by an angle 8, then the reflected ray is rotated by angle 286.

(iv) If two plane mirrors are inclined to each other at an angle 8, then
total number of images formed between th‘é:dﬁm;'mirmg_a_ﬁ_ﬁ.ﬂj

‘Thus, if two plane mirrors are inclined at right angle to eachfﬁﬂﬂ?ﬁ
r:ﬁi!eimggeafwin be formed between them. Similarly, between two pare
plane mirrors infinite images would be formed..

Utilities : The plane mirror is utilised in the form of kaleidoscope,
Periscope, looking glass etc.

(i) Kaleidoscope : In it three rectangular plane mirrors of equal length
and equal breadth are attached to each other in such a way that the angle
vetween two mirrors is of 60, The reflecting surfaces of all these mirrors a“:-
nwardly confined and in the space confined by the mirrors, the pieces @
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+ are kept. These three mirro insi ick Jg

) : : rs are kept inside a thick 1.

Etlpe T!I:e spherical pi ched to the first end of the P
tanotherend the Piece of rubbed glassj

i N of the pi r glasses and the o L
of images are changed, Pieces of the colour g cology

(ii) Periscope ; I it two
45° in such a way that
ray first incidents on
the reflecteq beam p
that after reflection j

Plane mirrors are attached to each other at
the reﬂecting surfaces are oppositely directed. Lighy
the reflecting surface of the first (upward) mirror ang
OW incidents upon the second (downward) mirror g
tenters the eye. That's why during war time the armg
etect the enemies who are hidden in bunkers. Alsq in
iScopes are frequently used today.
Spherical mirror - In spherical plane
constructed mirror is called spherical
mirror in which one side of the mirror has
alayer of Mmercury or coating of lead oxide.
A thin layer is painted and pasted to one

side and another side is used as a reflecting
surface.

ra
of

ol

the &

th

.

Concave mirror

The spherical mirror is of two ty pes—

(i) Concave mirror : The spherical mirror whose reflecting surface is
inwardly leaned is called concave mirror. |t is also called converging mirror
because it converges the coming rays from infinity.

(ii) Convex mirror : The sphericaj mirror w
outwardly leaned is called convex mirror,
because it diverges the rays coming from

Convex

o™

sl

hose reflecting surface is

Itis also called diverging mirror
infinity.

b

As both concave and convex mirrors a
spherical glass.The centre of the glass s

re conslructed thrg

phere is callegd cent ugh the Same
(C) and the middle point (O) of the sphe

assing through the centre of curvature
%w middle point of the straight line d
curvature is called focus (F),

Thus focal diSlﬂﬂ(‘E {!—] = radius of curvature

: . o
rical mirror is callpg nf Curvaty e
and pole is callgg & e

rawn from the pole to thr;fipal axis,
rad:
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~ The focal distance (f) of con
the following formula cave and convex mirrors is evaluated by
1.9 3 .
—_— f WhEI?E = ﬂblect diﬁtance
U= lmage distance

J = Focal length of the mirror,

Magnification : The ratio of ima .
: > ge dista
ratio of the length ofimage to the length of the EE?EE:
of the mirror and is represented by m.

Object distance or the
1s called mag[ﬁﬁmﬁun

Thus magnification (m) = Length of Image _ Image distance (1)
Length of object  Object distance (1)

The image formed by convex mirror: |
tin : 4 _
object is formed behind the mirror convex mirror the image of an

between the pole and the focus
and the image formed is smaller
than the object and it is erect and
virtual.

If the position of the object is
changed and if it shifts from the
pole, then the virtual erect image
becomes smaller and shifts towards the focus.

Use : Since convex mirror is diverging in nature, 5o the objects of a large
region are being diverged into a smaller region. That's why the convex
mirror has a vast field-view and so these mirrors dré utilised in motor cars;

fiicks etc. as a rear view mirror. Due to large field view these are utilised
in the reflecting lamps installed near the roads and streets.

The images formed by concave mirror : The position of the object may
vary according to our choice and so the images which are real and inverted

can be formed at various locations tabulated as given below.
= A ‘

(b)

(d) (e)
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* - 4 -
; image Size of image Nature g
Position of object Position of image with comparison
to object :
Very small real and jp
- focus .
(a) At infinity (=) At foc e s real and iny

Between centre Between

& of curvature and centre of
e curvalure

x :::d mﬁr;:}' of At centre of Equalinlength real and iy, we

c cen i

curvature
(d) :tr'.:::,mfm Between centre Large real and inve o
and centre of of curvature and
curvature infinity |
(e) At focus At infinity (=) Very large rE.-al and inv":' 1.,
(f) Between pole Behind the mirror Large virtualand
and focus erected

3. Refraction of light

When a light ray passes from one transparent medium to anothes
transparent medium perpendicularly at any point on a line dividing both
the mediums, then the ray passes directly without any deviation, But if
they incident inclinedely then they deviate from the original path and

phenomenon of light is called refraction of light.
Normal

S e

A Rarer medium Normal Rarer medium

(air) .~ (air)

r.- iB -
.I1I Q P c_) - Q
. Denser medium ;f
A

Denser i
! (waten) medium

(water)
It a light ray entere

o water) then this ray
line of both the mediy
the normal. Also if a ray passes fmn:EVEI'EE' Cas'e e
parallel to the normal, then jj also 1*“_1 }r'mEdmm
Laws of refraction . e dlmm? b
(i) Incident ra

{ii) For any twg medj

."-i“t‘ (31 "H." drtgh' of IL‘frﬂft. 1 ! l t :

second ﬂli"'\dilll" “] I '"ipt," 0 ‘
W 1 rps i

. Cl t fll'sl 1 |

Thus 20!
sinr

er medium (say, air
awn on the dividing
Scapes far away from !
to any other medium

thout any deviation. ]

Y. Normal and Ref

-::! refractive index of
tisalso called Snell’s

=y
H ur f“l
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™ i : = s
Tl - sini sinr sinr*

then Mz - 23 -3 = G o Ging =1L similarly;

sin o ul o =1
!hy% where 1 == air (a), 2 — water (w), 3 — T w by Mg
Viny, fraction takes place from v :
(= If relra | acuum or t .
Ttey ve ratio of sine of 1ang‘!e of incidence and sail::ﬂ{::rfﬂzz T:_-Ed;um thE.“ ﬁ"fe
aall od absolute refractive index or simply index of mfrac%im{?ﬁ:r?:g::h‘_:
iny [aw =
i ) sin r
Nver it is also observed optically that the ratio of velocity of light i
H ; - ] ] n
teq (o velocity inl' light in any medium is equal to the absolute &ﬁfﬁfli::?:;::
of the medium. . :
3 velacity of light in vacuum (¢ ) =
Verteq Thus; Bg= oo —pr————— gy 0
i velocity of light in medium (¢ ) ==
I F . L n
The “-":m':“w" mdm:: of l.‘llflferent colours (different wavelengths) of the
light are different. On increasing wavelength refractive index decreases.
That's why the n.‘a.11 colour of visible light has the least value of refractive
1other the red colour has lu?ngen: wa‘welength and the violet colour has shorter
' both wavelength. Also with rise in temperature index of refraction slightly
3ut jf decreases. R— '
1 this W?mumt‘mg incidents related to refraction of light

(i ngnfslam at night : Atmospheric air has various layers
of different densities, Whenever light rays coming from stars incident on
air surface (layer) then refract from various layers because air layers are
not static. Thus we observe that stars are twinkling due to their various

;itions in different time intervals,

(ii) The coin kept at the bottom of a container having water seems
upwardl}' uplifted : Whenever a coin is kept inside a water container,
then the phenomenon of refraction takes place and the coin kept in the

_ container seems upwardly uplifted.
ar (iii) A fish inside water seems uplifted from its original position.
ng (iv) A straight rod partially sunk inside water seems to be bent.
o (v) Whenever the sun is below the horizon then before sunrise and
m after sunset the region around the sun‘appears red due to refraction.
4. Total Internal Reflection of light
When any light ray enters from an optically denser medium to an
d optically rarer medium then due to refraction the light ray bends away from
of the normal. But as well as the values of angles of incidence are increased,
s the light bending from the normal becomes more and more away. Thus,
the value of angle of refraction is in increasing order. But for a definite
angle of incidence the angle of refraction becames 90" and here the angle of
Ncidence is called critical angle.
: _ |
Thus index of refraction (u) = ——
sin C
. 1 o
= sinC= = where C = critical angle.
1t
= _‘
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W -
than a certain valye
i is increased by more R  the .
If the angle nfn::ucldencemtlﬂ". Thus the angle of mﬂd;nc;can - the
he light ray doesn’t refract a 2 light ray reflects back into gep, = dire
;;r:_]:fr than 90°. In this situation inmii::::;]ﬁnpﬁﬁ is called total jnge. ! pos
5 2 s 1 d Til in gﬂ'ﬂm th ¢ , af
ol s o wher th phnomeron o ol gl
! un. & -
::ﬂ:‘cl;ﬁﬂ takes place becomes Exmnﬁ.m]}r bnt;reﬂectinn two conditiong .. ] div
Thus, for the occurrence of total interna aml *"f:
s, 5
squired— , . R 1
n-qL?iTThu light ray must -enter from an “Phcﬂu}r T/ ﬂphﬁ“f.- t;
rarer medivm. - reater than crivos th
(ii) The angle of incidence should always be g Criticg} ot
angle. ‘
Critical angles of some important substances : - : I o
Substance Indexof Critical Substance I:;r ean Critica] W
refraction angles refracion  angles :;
Water 1.33 48.5" |Flint glass 1.65 ) 3‘}*__4& | :
Crown glass  1.52 41.1° |Diamond 242 24.49-
Some interesting incidents related to total internal reflection— ;

(i) Over brightness in diamond : The critical angle is very |oy
(approximately 24") fora light ray coming from diamond to air. When [ !
rays enter inlo the diamond, then from various layers multiple reflections | |
take place and if the angle of incidence of the rays becomes less than 24°C
then light rays come out from the diamond. Thus, light rays entering from

every side into the diamond, only appear to come from certain side and’
that's why the diamond appears overbrightend. '

(i) Shi‘ps hang inverted (looming) in the air in cold countries and
trees hang inverted (mirage) underground in deserts :

Mirage in deserts

_ Incold ¢ wntries
of sea-waler

aris found to be

and it gets grq
Upwards from an object ﬂf: ﬂiﬂaﬂ}: r

Ic:nntmmmsl}- away from the
. :
ight rays begin to trave dow

il'l. thE mnﬁ[’ d
ensed «
arer y state at the surface

surface of T vaIGs. So the rays diverging
Ormal Nﬂsea--water say, a ship are refracted
nward:‘i wi;ﬁ s -tmﬂny reflected when the

Continuous refraction towards
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" n deserts the situation s just the

- d €verse, .

a i IEErHW?ﬁa%::?nu:"}' “!eﬂ:;er as we E“}:IE;\E-\I':EE the rarest at the
diverg ,ctedg continuously awz;izia;nve the ground S:yfﬁ tll'qe lfigl'lt rays
are A : € vertical. Now i1 o, ¢ eaf of a tree,
whmﬂrdtshfhtﬁrt:;?:glsaﬁ;éz :;:vﬁlt}‘;'PWﬂrds u:thhaor:\;::t.iitﬂtal ly reflected
pawes Cthe eyeof NUOUS refracy;
direction. The leaf so appear S under rl::?:nd a:s iﬁ? :-hv ﬁr = ﬁ‘lf* duwnwa(::;;

they alled Mirage. Iny fact

t i ke
are simply optical illusions,
(iii) The cracked part of glass 3
; ; : " PPears ¢ 2

part of glass contains air, which acts fie 5 syc,? meaiontend : The cracked

Wh:’.':: tlﬁe i J;e o im:i‘:ln:mgh the glass (¢racked) to air fhﬂ-;tt] respect to i,

whi > enee becomes Breater than the mﬁc;;!}' reiract 13
angle, an

part of glass appears to be brightend.
(iv) Atest tube filled with water appears to be brightend due to the similar

(v) Optical fibre : Rectilinear rOpPacak: ; e
ot plncmente i by o LB g sk
be passed thr:n ugl_'l th.E curved optical path. A fibre is an Optical s gs*.te:- cag a~ 53
upon the basic principle of total internal reflectipy, and through which ligh
signal is transferred from one Place to another without any lgus‘id:ca{:%nz

amplitude or intensity.
An optical fibre s
basically composed
through a long, large
andcompactquartzfibre
and each fibre is 10~ em
thick. Around theoptical
fibre a substance whose Light
index of refraction is Optical fibre
about 1.6 is wrapped out. When the light rays incident on one side of this
fibre by making a very small angle, then these are refracted inside it. Thus
incident rays after being totally internally reflected collide with the other
end of the fibre. On this limiting surface upto which optical fibre is confined
again the angle of incidence becomes greater than the critical angle and total
internal reflection takes place again.

Thus, the phenomenon of total internal reflection take

and the light ray reaches from one end to another end.

Use of optical fibre :
() To send an electric signal by transforming it into a light signal and
Vice-versa,
(ii) To send laser light rays inside the human body.
(iii) Today optical fibres are frequently used in telecommunication. Old
I cables are being replaced today by optical fibres whose capacity is

Cﬂppe
large anq they are convenient in use and which are noise free.

s place repeatedly
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Lens : Ale
surfaces.

is called |.1ril't{'ipﬂ! axis ol
through its pn‘n_c:p_nl axi
shown by its princp

centre. Lenses bound by

convergent in nature and

are said to be div

5. Refraction of light !
ns is a transparent M

The line joining the ﬁ:i

al sechon. The
h which rays pass U
throug two convex sph

lenses and those bound by tw
lenses. Lenses which converge ap

ergent in nature. Gene
and concave lenses are divergent.

General Science

hrough a lens '

edium bounded by two spheg

ature of the two bounding sy,
ion of a lens by a plane pa.

| section of the lens. A |, ™
point on the princnpal axis of the o8
deviated through the lens is called its o,
n erical surfaces are called cop,
o concave sphericalsu rfaces are called Concay
arallel beam of rays toa point are sajd N
hich diverge the rays from a virtual vl
rally, convex lenses are converge

res of curv
lens. The sect

s is called prinnpa

those w

_ Under rordinate
tocal length of the
taken negative,

onvex

The lenses are gene
spherical glasses which

only six types are commo

Convex lens or

Cin VEXO-convey Jens

Eﬂﬂ{_".] Vi

lens
s or
C

Mcavo-cong, ve leng
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sign convention (which

acl like re

is updately acceptable) - I.

lens is taken positive and that of concave lens s |

rall struc
Iy -:un:;:_::.;:lied by the good quality hulluw1
_ “eling surfaces by vari :
: . rio
0 which can be shown as lﬁt,*]("}'.\*‘——-t e

Planp
“Convex lone
15 Y
Lunrm-n-mnvex lens

3
I lanu-mncnw: lens

Cnnvem}-mncave lens
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id point in 4 lens ang an

ght rays COming
T refraction js called f

& Positional confj gurati

n

y light ray which passes

Iwa Sphen-ta' Terms related to lens
Optical centre: [t s 4 m
ding SUrface, through it doesn't deviage.
slane pasai..,g Focus: The point at which the |
.‘"5- A "“—'ﬂs is axis meel or appear o meel afte
E‘ithe I“'}‘Ha Focal length : The distance between
H;d ‘:’P"' a called focal length.
| 3
o mn::e The Image formation by convex lens - s o
: its size and position etc, depend on th dist 'Mmage formed.
r::ld tﬂ.be focus; There may be foitlometi € distance of the oh
: Poiny given as below—
onvergen,
—
N Ci‘
) the
ns is
low
but
Position  of Position of image
object
(a) Atinfinity () At F,
(b) Left near 2F i Between F, and 2F,
(c) At2Fr | At ZFI
(d) Between 2F, Right from 2F,
and F |
(e) At E At infinity (o0)
) BetweenO  Towards objects
and F i

Iect kept from the
ON N various cages

Nature, Size, Position of image

real, very small and inverted
real, small and inverted
real, equal and inverted
real, large and inverted

real, very large and inverted
Virtual, erected and magnified
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jen

cave lens
ler

The image formation by con
: By concave lens often the image 15 fnrm:}e}d‘
towards the object side (left) between t »:Li
focus and lens and it is virtually erected an

small. N
Object can be kept at various position
and image can be obtained.

Relation among object distance,

the lens. ) Jdation b
1_1_1 . alled lens formula and it is the required relation between, | ,

T | 1 !
the distance of object and image with focal length. |
d —ve for concave lens, |

' i an
Here, [=focal distance, +ve for convex lens
1 = object distance

v = image distance. . ‘
Relation among focal distance, index of refraction and radius of

of

image distance and focal length of

curvalure.
1 1

{a) Thin lens formula : J—:, =(u-1) (Rl E;)

i = index of refraction of the lens.
f = focal length
R,, R, are radii of curvature of two surfaces.

where

If the lens is a plano-convex then R, = =

Thus, by lens formula " (u—1) (_I, _ A
f R, =

. ol | |
=(u-1) '——u)-
(R'| R1 r R'I

(b) Thick lens formula : If { be the thickness of the lens then

—:". :{“_l:ll_!._ -.]_+{;_l__llll
‘ . R, Rz u RI R,
Equivalent focal length of two lenses :
(a) If two lenses are kept ; |
| fiw < ptin contact then equiy
two lenses is the sum of the focal lengths :1:th;1:?

Thus if F is the equivale
nt focal length of
focal lengths are f and f, then S | + Tg o lenses whose respective
- .F o

(b) But if these twolenses are k ] fz

focal length is given by Pl apartatd distance, thenits equivalent
Il d

— a4

ower of a lens : The .
PT{HT~ af t‘hu h-ns, If l.hE fﬂl‘:l;?T;:IE :;‘f th
which is called POwer of the Jeng isgexpﬂf
re

power of the lens js dioptre, Since the f
~ e

-] L
t =,_‘Iul

alent focal length of these
enses,

e
ﬂfltlca! _[tzr_rgth of any lens is called
NS 1S in meter, then its inverse

ssed in ch:pn‘e. Thus, SI unit of the
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are +ve and —ve. That's why convex lens has +
ve
o " power and concave
Equivalent power of the combination of lenses - As from the formula

of equivalent focal length of two lenses when these two are in contaét
1_1,1 '
~m—4—=P=P 4+ p
F R4 1752

If first lens is concave, say P, = - 1.5 (dioptre)
and second lens is convex, say P, = f = +2.5 (dioptre)

then P=-15+25=+1 dioptre
Also, if d is the distance between two lenses, then P=P_ + P.—d P. P
T Tt |

Variations in the power of lenses : Whenever a lens is kept inside a
liquid its focal length and power both change. If a lens of refractive index
pis kept inside a liquid of refractive index u’ then here three cases arise;

(a) When p >’ : Here power of the lens decreases and thus focal length
increases. The nature of the lens remains the same.

(b) When p = 1" : Here focal length of the lens becomes infinite and
thus power of the lens v-:.mishes or becomes zero. Thus lens behaves like a
plane parallel plate and inside the liquid lens doesn't look.

(c) When ju < i’ : Here power of the lens again decreases and thus focal
Jength increases. Thus a convex lens acts like a concave lens and vice-
versa.

bble inside the water acts like a concave lens but as usual
_ or) acts like a convex lens. A convex lens of glass when kept
he carbon d!suiﬁlideappeamﬁke a concave lens and vice-versa.

6. Dispersion of light

wWhen a light ray incidents upon a prism, it gets refracted through it
and bends towards the base of the prism and this ray splits into various
colours. This group of component colours is called spectrum. Also the
process of splitting of a white light is
called dispersionoflight. Inall the colours
of white light, violet ray (colour) deviates
the most and red ray (colour) deviates the
least. The white light has seven colours

&@R (Violet, Indigo, Blue, Green,
eliow, Orange and Red).

Newton observed that different T —
colours of white light deviate on different ‘ e
angles. The optical dispersion takes place because different colours of w t;_l e
light have different speeds for any transparent material. As well as ]e
refractive indices of various colours of the light increase correspondingly
their decrease. o

Fsu%;ple - The violet ray (colour) has the largest refraclt::lrve 1_ndeix 3::
the least speed in glass and red ray (colour) has the least re acttll::senmro
and the largest speed. Other colours have their speeds between
colours—violet and red.
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rainbow,

Creen +

Example

Such type
which we yge
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Also the wavelﬂnﬁ'l.h of
colour is the largest. T

Rainbow : When lh-l:‘d ks
internal reflection take plﬂLl‘E_‘ :
optical dispersion also lakes |

" r P 35—

The rainbow is of two type

(i) Primary rainbow :
emd some . .
any light ray (from the sun)i

it reflects one time and refrac B |
i it red colour is located outwardl iy
Inwardly located violet ray mﬂkmt- ;1{:1;9:1

‘ : ¥ i "'?nsn a 3

av makes an angle of 42 ye. - ) o

red r"-: ’; ndary rainbow : As above if the hghtﬂra{ {:’r mt,t : \un;

it ecn & g . s two hmes a

il'lL'iL:t_'ﬂl‘i on a particular drop in such a we.tj. that ::;_' Iecil v cmnu:—_
fracts two times then secondary rainbow is formed. In . is
|n‘ ":‘ { outwardly and red colour is located inwardly. Outwardly located
ocated « ‘a Vi * . :
violet ray makes an angle of 54° 52' and inwardly located red ray makes an .
angle of 50" 8” al the eye.

The secondary rainbow is less distinctive and clear than the primary |
|

Primary, secondary and complementary colours

colours are called primary colours, while Yellow,

Magenta and Peacock Blue (cyan) colours are ca lled

secondary colours. These colours are

mining two primary colours as-below :

Red + Blue — Magenta.

Red + Green — Yellow

If twor colours mutually
light, then the I

Colour TV utilise

Colour of Objects ;
all other colours

General Sciénce

that of i
¢ is the least and Angst ﬂw_
'l."iﬂh‘-‘t c‘:jlﬂu iq Expressﬂd in ng mm ;

wavelength of light

[

10 - 4
and 1A = 1077 m. : 1 i
e length of important colours Colour Watnienath:ing A)
Waveleng Wavelength (in A) i 5893 A .

ur e

xcf:f:-: 3969 A Red s
Blue 4861 A

f refraction, reflection and total g
henomena © in which a comprehengjy,, |
i cidentally and in

i 'IC"L"_

|
Vhenever rainfall occurs then aittifr 'tﬁe:"";fple""’- |
Whenever rit sky and in the meantime i |
= l‘_uﬁr“endﬂ‘ﬂi n l.h'? hk} -‘l 'rl 'l-;lli_'h d way [h
rain drops remain -'d ntson a pariifulﬂr drop o is for i
nc.l N -rimeSHwn primary rainbow ]f’ Ormeg.
g d violet colour is located inward]y,

: Red, Green and Blue
Red

Yellowy Magenta

Blue — Peacack Blye (Cyan)
Gneen P:_-;rm:i.'w

Blue
Blue (evan)

meet to form a white
dmmpiementar}' colour.

acock Blye (Cyan) —

colour is calle

' Red + Pe

- White
Green + Magenta — White, -
Yellow + Blue

— White, Req + Pe
of colours ¢
are

acock Blue (Cy
“fhiﬂ"\!f_} :
ure,

an) — White.

aily life because colours

annot be di
) INOurc
Practically imp Surg
S primary
The * Been and blye,

K . n}r t-"h't“C[ 15 3 ro
are absorheq The object vj.rhicll:? :.:L g s

flects all the incident

|

i



surs looks white but if all the incident colours the mﬂ:mtbtﬂﬂﬂhﬂ! |

.. & 3 & m. = . X |
of all :ﬁfﬁﬁﬂ“ The white colour of an object is the ot poti i

Example : When a red rose is seen through a gree
appears black because red colour is not availahlegfm .:e%l::: thenthe rose
colour is absorbed by it. on and green

The colours effect on various type of objects

nd totg) .
'hEI'I.'-iivE Ha'ine of Inwhite Inred |[n green  In yellow In blue
objects rays rays rays rays rays
white paper white red green yellow blue
mplete Red paper  red red black black black
time j¢ Green paper green black green black black
1 thay Yellow paper yellow  black black vellow black
rmed Blue paper  blue black black black blue
ard] V.
cated 7. Interference of light waves
In general interference is the phenomenon of sustained cancellation
sun) or reinforcement of two waves when they meet under certain specific
and conditions. When the effect of one wave is constantly neutralised by the
ar s other, two waves are said Lo interfere destructively and when their effects
ited are reinforced they are said to interfere constructively. Thus, we can say that
san when two waves of the same frequency travel in same direction and have
a phase difference that remains constant with time, the resultant intensity
ry of light is not distributed uniformly in space. The non-uniform distribution
of light intensity due to superposition of two waves is called interference.
o At some points intensity is maximum and interference at these points is

called constructive interference. At some other points intensity is minimum
(possibly even zero) and interference at these points is called destructive
interference. Usually when two light waves are made to interfere, we get
alternate dark and bright bands of a regular or irregular shape. These are
called interference fringes.

Interference is the most fundamental characteristic of a wave and there
is no loss of energy in it, there is only redistribution of energy from maxima
to minima. The phenomenon of interference was firstly demonstrated by
Thomas Young in his experiment called Young's double slit experiment.

Examples related to interference

(i) The kerosene oil spread on the water surface seems to have a decent

colour because of interference of the light.

(ii) The soap bubbles have a brilliant colour in the sunlight because of

interference of the light.

Coherence : A wave which has a pure sine wave for an infinitely large
period of time or for an infinitely extended space is said to be a perfectly
coherent wave. In such a wave there is a definite relationship between the
Phase of the wave at a given time and at a certain time or distance later at
2 given point same condition is again satisfied.
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. herent wave, |4
mits a perfectly coh ,
ight source however e .y riod of time of
N“:Eitc{i:l;‘rg pure sine waves only for a limited pe
Wavaes g
limited space are partially coherent waves petence-coitedinoE fime
Thus there are two different criteria of cohere

f temporal coheren
criteria of space. This gives rise to the phenomena o Po. Ce
and spatial coherence.

ghy
in F]

8. Diffraction of light

- e of light and ,
rture) is kept between a source of | :
‘I."(I:F :h;::iﬂw (or .fn illuminated region) is obtaineg
on the screen. This shows that light which travels the nbst&}CIE E:E;tum:e}
s small (comparable to the wavelength of the light), there lﬁh P nz»f
trom straight line Propagation and =o the light bends round t ﬁicnme:f 0

the obstacle (aperture) and enters in the geometrical shadow. This bendin

raction, Consequently, the edges of the shadow (or

I an opaque obstacle
sereen, a sufficiently dist

be appeared which 1s clear a
confirms the way

that's why acoustical diffractio
bends from obstacle and we 1j

shorter than common barrier (obstacle) we

use in our daily life, that's why
the phenomenon of optical diffraction is rarely observed.

There are two types of optical diffractions—
(a) Fresnel's diffraction : In Fresnel's class of diffraction,
light or screen on which diffraction Pattern is observed, are us
distances from the diffraction obstacle (aperture). In this €ase no lenses are
used and the wavefront (wavy

e shape) is either spherical or cylindrical.

on : In Fraunhofer's class of diffraction, the
n are effectively at infinite distances from the
(aperture). This is achieved by keeping the source and
Screen in the focal planes of two lenses. Here the incident wavefront (wave

n takes place clea
sten. While th

shape) is plane.

9. Polarisation of light waves

Ordinary Polarised Maximum

Light "\ Light l'\ Light

P, P,
Grdinary Polarised

Light \ Light P N\
. No Light
2, P,

FI

v P; = tourmaline crystals
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when an ordinary light incidents normally upon a pair of parallel
purmaline crystal plates P and P, ﬂ-‘*_?-'hﬂwn in the figure which have
peen cut parallel to their erystallographic axis, the emergent light shows a
canation in intensily as F". 15 rotated. The intensity is maximum when the
s of Py is parallel to that of I-‘“ and minimum when it is at right angles.
'11,“5 Jhows that the I!p,hl emerging frpm P, is not symmetrical about the
Jinection of propagation of light, but its vibrations are confined only to a
ngle line in a plane perpendicular to the direction of propagation. Such
ight is called plane-polarised or linearly-polarised light.

According to the electromagnetic theory of light, a light wave consists
ot electne and magne_lic vectors vibrating in mutually perpendicular planes,
poth being perpendicular to the direction of propagation of light. The
JJectric vector acts _hke a light vector. Hence, the plane-polarised light is a
light in which the hghl;_ vect'nr vibrates along a fixed straight line in a plane
r,t.,-'r-».;m.‘.li-:uIar to the direction of propagation.

5,rmbnlical representation

Unpolarised hight

Vibratwom parallel to the plane
of paper
1flane polarised light L A I B pe

Vibration perpendicular to the
7 » plane of paper

As in an unpolarised beam of light all directions of vibration at right
angles to that of propagation of light are possible, hence it is represented
by a star.

~In a plane-polarised beam of light the vibrations are along a single
straight line. If the vibrations are parallel to the plane of the paper, they are
represented by the arrows. If they are along a straight line perpendicular to
the plane of paper, they are represented by dots.

Light waves are transverse : In tourmaline experiment, the variation
in intensity of the emergent light on rotation of P, (First section of the
polarisation) shows that light waves are transverse. Bul if the waves were
longitudinal i.e. having vibration along the direction of propagation of light,
they will have passed through P, in all positions of it.

Thus, polarisation of light takes place with transverse waves only and
doesn’t occur with longitudinal waves. That’s why sound (longitudinal)
wave doesn’t exhibit the phenomenon of polarisation.

Doubly-Refracting crystals : There are certain crystals which split a ray
of light incident upon them into two refracted rays. Such crystals are called
doubly-refracting crystals. These are of two types : uniaxial and biaxial. In
uniaxial crystals there is one direction called optic axis along which the two
refracted rays travel with the same velocity. The examples of such crystals
are calcite, tourmaline and quartz. In biaxial crystals there are two optic
axes. The examples of biaxial crystals are topaz and arogonite.

Double refraction: Whena ray of unpolarised light incidents on a calcite

(or quartz) crystal, it splits up into two refracted rays. The phenomenon is
called double refraction.
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One of these two refracted rays is found to obey the laws of
i.e. it always lies in the plane of incidence am:i its speed in the cry
same in all directions. This ray is called an ordinary ray (O-ray). The &
refracted ray doesn't obey the laws of refraction. It travels in the Cryst)s
different speeds in different directions. HEI"ICE.lt is called an eXtragpq. V) .
ray (E-ray). Along the optic axis, huwean Q-Fﬂ}' and E"’f"? both hau‘:ﬁ
same velocity and hence the same refractive index. An ordinary ray (0.
and an extraordinary ray (E-ray) obtained through the double refractjq,, )
plane-polarised. _ . dy

Nicol's prism : It is an optical device made frmr! a calcite crysy)
is used in producing and analyzing the plane-polarised light.

Dichroism : Some doubly-refracting crystals h_ave the Prope
absorbing strongly one of the two refracting rays, while allowing the Oth:
to emerge with a little loss. This selected absnrph?n by the crystal s | W
as dichroism. The best example of such a crystal is tourmaline,

When a ray of unpolarised Iighlissentthmug!‘m I mm thick, tourmafip,
plate then it splits up into plane-polarised light m_wh:ch O-ray ang E-ray
vibrate in mutually perpendicular planes. O-ray is completely absorbeg
while E-ray is totally transmitted. Thus, the light emerging through the plate
is plane-polarised. This is the basic principle of the commercial Pﬂlan'sing‘
devices called polaroids. -

Polaroid : It is a large-sized polarising film mounted between two
plass plates, and is used to obtain plane-polarized light for the commerciy
purposes. The film consists of a thin sheet of nitro-cellulose packed with
ultra microscopic crystals of the organic compound iodosulphate quinine
(also called herapathite) with their optic axes all parallel. These crystals
are highly dichroic, absorbing one of doubly-refracted beams completely,
Hence when a beam of unpolarised light passes through the polaroid film,
the emerging light is plane-polarised.

Recently large-sized polaroids have been made by stretching a film of
polyvinyl alcohol. The stretching orients the complex molecules with their
long axes in the direction of stress and makes them dnubl}r~refracting. Then
the film is impregnated with iodine which makes it dichroic. Such polaroids
are called H-polaroids. If instead of iodine impregnation, the stretched film
is heated with a dehydrating agent, then it slightly darken and becomes
strongly dichroic. It is called K-polaroid.

Uses of polaroids

(i) Polaroids are used in the laboratory to produce and analyse a plane-
polarised light. These are cheaper than Nicols.

(i) K-polaroids are used in head-lights and wind-screens of cars to cul
off the dazzling light of a car a pproaching from the opposite side. They
are fitted in the head-lighl and wind-screen of the car with their vibration-
planes parallel to each other but inclined at 45" to the vertical, When two
cars approach each other from the oppositesides then through the vibration-
plane of polaroids light is sent out to each other and hence light coming
from the head light of one car is completely cut off by the wind-screen of

the another car and thus the driver js able to see the other car by the light
sent out from his (or her) own car.

whig
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(iii) Polaroids .lml:!lﬂ_d to control the j in:nnleﬁngl )

nd acroplanes. A polaroid is fixed outside the wi whi har'li

;ithrd inside it which can be rotated a i “‘rmdﬂw' ;:;h‘h ::E u!her 3

by rotating the inner polaroid. e

~ {iv) Polaroid glasses are used in viewin

(v) The polarvids are today frequent)

the glare of light mﬂeﬂ_ed' from the horizontal su rfaces such as moist roads

cover glasses of the paintings, polished table, pavements ete. '

ﬂ;nlr, Circularly .'u'fd F.ljiphcall?' polarised light : Accord ing to
Maxwell's electromagnetic theory, a light wave consists of electric and
magnetic fields (vectors) vibrating in Mutually perpendicular planes, both
being purpendif_tﬂar to the direction of Propagation of light. The -s-!re-:tric
vector is responsible for the optical effect of the wave and which is also called
light vector. In unpolarised light, light vector takes all the possible directions
of vibration in a plane perpendicular 1o the directions of propagation. I
however, light vector vibrates along a fixed straight line in the plane, the
light is said to be plane-polarised or linearly-polarised.

When two plane-polarised waves are superimposed, then under certain
conditions the resultant light vector rotates with a constant magnitude in
a plane perpendicular to the direction of propagation. The tip of the vector
traces a circle and the light is said to be circularly-polarised. If, although
the magnitude of the resultant light vector varies periodically during
its rotation, the tip of the vector traces an ellipse, the light is said to be
elliptically-polarised. Thus, there are usually three types of polarised light
which exist in nature.

& three-dimensional pictures,
Y used in sun-glasses (o cut off

10. Scattering of light

When light waves fall on extremely small bodies (particles) such as
dust particles, very small suspended water droplets, suspended particles
in colloidal solution etc then these are thrown out in all directions. This
phenomenon of light is known as scattering. Here bodies are small in the
senseof theirsizes and aresmaller than thesizes (wavelengths) of the incident
waves. Thus, the strength of scattering depends upon the wavelength of the
light beside the size of the bodies (particles) which cause scattering, If these
particles are smaller than the wavelength of the incident light, then the

scattering is proportional to ]4 . This is called Rayleigh’s law of scattering.
A
Thus, red light is scattered least and violet is scattered most. That's why

red signals are used to indicate dangers. Such a signal appears to be visible
at a larger distances without an appreciable loss due to scattering,.

Incidents of the scattering of light in our daily life— he look at
i) Due to the scattering of light sky appears blue : When we look a

the 5‘1-:}' it is scattered light frgm the atmosphere that enters the eyes. m:m;;g

the shorter wavelength the colour blue is present in larger Pmp?mm; " I;

light. Light of short wavelengths are strongly scattered by Hl-le a mo:::nc;e

and the suspended water dropletsand itexplains the blue colourappe

of the sky.
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g d : At such occaion
; and sunrise sun HPPETthfatmmphere. The blue -

(ii) At Tt::tvel a large distance throug the path and the light rea
sunlight has are scattered away in P d sunrise sun appe
VRghhouEng m::;fminanll}' red. Thus, at sunset and su

rveris p s ight. !
ﬁsiffu oceurs due to the scattering of lig hen the sky would appeas

h, t
(iii) If there were no atmosphere of the eart

ing the day.
‘ tars would be seen during _ -
hh':'[*i:]“ g: arljumid day before rains, the sky appears light blue, while on

in the quality of colour of thy

> 4 s deep blue. The change in '

:kil,“;:: I::; ;:lt?rﬁpt?:r?acf f}?at the water drc::p]ets and t'h';[ dt;::v P;F’:E:-.‘:feﬁn

q;ﬁ.re a size larger than the wavelength of light. Rayleig r; i sc,a otien iﬁ
oesn't ﬂﬁply in this case and colours other than blue majy

larger proportion. . :
(v) The seas also appear blue due to the scattering of light. |

11. Human eye
The I?urnan eye is like a Sclerotic
camera with the help of which . . » Ciliary muscles

we see the objects. Human eye ; o .

treous Humo
is externally very hard and § & Ny Vitreous Hum m’-{
it is covered with a opaque
white membrane which  is

called sclerotic. The front part E. it = Visionary
! of sclerotic is goncave which W /N muscles
I iif“"‘"-‘d\ﬁ]‘:i?lua. During eye Aqueous ——
. donation this cornea) is - ’ ack colour
on Part | Humour Membrane

| donated.
[ A light ray enters the eve

| through cornea, Behind the ‘cornea a colour opaque membrane is located
which is called Iris. In the middle of the Iris there is a sharp hole, which is
f called pupii. Iris controls the amount of light which enters the eve. |f more
light comes into it, then automatically iris compresses itselF, Kisn in dark
or insufficient light it (iris) automatically expands. Behind the pupil the
eye lens is located. The eye lens is made from many layers whose index of

refraction increases from outside to inside and its mean index of refractionis

Human Eye

itis capable of adjusting its focal length. That's why human eye has a variable
nature of focal length. Between cornea and eye lens a saline transparent fluid
15 filled up which is called aqueous humour; and its index of refraction is
1.336. Behind the eve lens another transparent fluid is also found which is

i membrane and in the innermost part of the eye there is a transparent
membrane which is called retina. The retina is basically a film of opt
nerves and these nerves produce the sensation of the image formed in
mind (brain). Thus, shape, size and colour of the object's image is obser‘fﬂﬂ
by the human eye. When a light ray incidents on an object, then by reflecti At
it passes through the cornea and aqueous humour reaches to the Feﬂ:?'the.
retina (used as screen for the glass lens) a real and inverted image
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is formed and this message iﬂ sent to the human brain by the visionary
(optic) nerves and the l'::mi" realises the real erected image. There is no
effect of light is found the place (point) where optic nerves by making the
hole in the retina goes upto bffﬂn- This place is called blind spot. There is a
mid-point in the retina which is of yellow colour. Here the obtained image
s very sharp and distinctive. It is called yellow spot,

power of -'"-":““"m“_d“ti““ of eye : To see any object distinctly (clearly)
it is necessary that the I‘S_h_t ray reflected from object be totally confined on
the retina. In usual cunf:hhﬂﬂ the light rays coming from far flung object
are assumed to be confined on the retina by which the muscles of the eye
is not stretched as normally and the object looks. At this position the eye
Jens has the maximum focal 'IEngth_ But if the eye looks at any nearer object,
then eye muscles start to shrink and redyce the radii of curvature of the lens
curfaces. Here the fﬂfﬂ{"ﬂ'ﬂgﬂ‘l. of the eye lens is reduced and again image
starts to form on the retina. T%HS adjustment of the focal length of the eve is
called Power of accommodation of the eye. As we try to look at the nearest
object more ﬂjﬂd_ more power of accommodation of the eye is required and
it has also a limit. If any object is kept very close to the eye it doesn't look
distinct. Thus the maximum accommodation power of eye is applied to the
nearest object whic_h looks sharp and distinct. This distance of distincl vision
is called the least distance of distinct vision and for a normal human eyeitis
25 ¢m. But inversely the eye without applying the power of accommodation
can see distinctly any object located at far point and for a normal human
eve it is infinity ().

Colour vision : There are two types of cells found in the retina of the eye
which are optically sensitive. These are called cones and rods. Cone shaped
cells react according to the consistency of the colours by which we realise
about the colours. Rod shaped cells react according to the consistency of
the intensity of light. This is very sensitive for the dim light. That's why we
also speculate (guess) about the object in the dark. When light is of shihing
(dazzling) type then rods cells stop to act and cones cells become active. A
normal human eye's retina has three types of cones cells—

(i) First type-Sensitive tothelight of shorter wavelength (blue colour)
(i) Second type-Sensitive to the light of middle range wavelength

(green colour)
(iii) Third type-Sensitive to the light of longer wavelength (red colour)

Chromatic adaptation : If a piece of glazed (shined) colour paper is
taken and half part of it is covered, then on looking up to approximately 30
seconds at the rest of the piece and if the covered part is now made open
then on looking at the entire piece the covered part appears more glazed.
This optical incident is called chromatic adaptation.

Successive contrast : If we look at a coloured image up to approximately
seconds and a white surface is seen then a post-image appears, whose
and size is equal to that of the real image, but its colour is different. If
the real image is red then its post-image is green and vice-versa. If the real
'Mage is blue then its post-image in yellow and vice-versa and for the white

'Mage its post-image is black and vice-versa. Such optical incident in
cal form is called successive constrast. ' '
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