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• Quadratic equation 

Roots of ax 2 + bx + c=O are x 

b 
Sum of roots X l + Xz = --; 

• 
• Binomial theorem 

-b ± ,Jb' - 4.c 
2. 

nln - 1) nln - lKn - 2) J 
11+x)' = 1 +nx+--

2
-x'+ 6 x + .... 

1
1)' 1 n (n -1) , n(n -IXn - 2) J 

- X= -nx+ 2 x 6 x+ ..... 

If x«l then 11+x)' '" 1 + nx & II-x)' '" 1-nx 

• logarithm 

logmn=Jogm+logn 

Jogm' =nlogm 

Jog2 = 0.3010 

m log - zJog m-Jog ., 

Jog.~ = 2.303 ;oglom 
Jog 3 = 0.4771 

• Componendo and dividendo theorem 

p. p+q a+b 
If - = - then -- = --

q b p-q .-b 

• Arithmetic progresslon-AP 

HandBook 

a, .+d, a+2d, a+3d, .....• +In - 1)d here d = common difference 

• 

Sum of n tenns S = ~ 12.+In-l)d1 
" 2 

Note: 
. n(n+1) 

II) 1+2+3+4+5 ... . + n =-2-

I") l' 2' 3' ,_ n(n + 1)(2n + 1) 
11 + + + ... + n 6 

Geometrical progresslon-GP 
at ar, ar2. ar3 • ...... here. r - common ratio 

Sum of n tenns S , 
a(l-r') ' 
l-r 

1 

• Sum of <Xl terms 5. - ' l-r 
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• Trigonometry 

2n radian = 3600 => 1 rad = 57.3' 

. e perpendicular 
Sin = 

hypotenuse 

perpendicular 
tanO= ba se 

hypotenuse 
sec 0= 

base 

a 
sinO 

,)a' + b' 

1 
cosecO =---=----O 

Sin 

base 
cosO = --==

hypotenuse 

base 
cot 8= perpendicular 

hypotenuse 
cosec 0 = perpendicular 

b 
cosO =,) , , 

a +b 

1 
seeS = cosO 

1 + tan 29 = sec29 

71-
b 

a 
tanO b 

1 
cotO = tanO 

1 + cot'll) = cosec 28 

sin(A±B) = sinAcosB ± cosAsinB cos(A±B) = cosAcosB Of sinAsinB 

(A B) 
tan A ± tanB 

tan ± = 
l:pan A tan B 

sin2A = 2sinAcosA 

cos2A = cos 2A- sinzA = 1- 2sin2A = 2cos2A-l 

tan2A = 2tanA 
I-tan'A 

sin (90" + OJ - cOS a 5;0(180"- 9) .. sinS 

cos (90"+8) - -5io e 005(180"-0) -cosO 

tan (90"+8) --cot9 tan(180"-9) ..,- lan e 
, 

sin (180" + OJ - - sinO sin (270"- OJ .. - cos a 
c05(180" + 8) = -cosO c05(270"-8)3 -sinO 

tan (180° +8)- tan e tan (270°- OJ .. oot 8 

sin (--a) - -sin 9 

cos(--el - cosO 

tan (-til - -tane 

sin (270° + OJ "" - cos a 
cos (270" + 8) .. sin B 

tan (270" + OJ - - cot e 

90· 

" s,. "" O· 
180" 360" 

T_ c.. 
• '" 270" 

sin (900- OJ., cos 9 

cos (90"-OJ .. sinO 

tan(900-8) .. cotO 

sin {360" - OJ .. - sin 8 

cos (360" - 9) _ cosO 

tan (360"-8) ... - tan e 

~ 

" i. 

i 

I 
:; 

" ~~~~~~~~~~~~~! 
E 
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• sine Jaw 

sinA sinB sine 
-a- = - b- = -c-

• cosine law 

cos A 

Ph ysics HandBook 

• For small 6 

sinO' ~ 0 cosO ~ 1 tanO ~ OsinO ~ tanO 

• Differentiation 

• 

. dy 
• y=smx ...... dx = cos X 

• y =I(g(x)) => dy 
dx 

df(g (x)) x d(g(x)) 
dg(x) dx 

• 
dy 

• y=k = constant => - = 0 
dx 

Integration 

X" .. I 
• J x"dx = - -+C,n '#. - 1 

n+1 

• J sinxdx=-cosx+C 

3 

dy 1 
• y = (nx --+ - = -

dx x 

dy . 
• y=cosx--+ dx =-smx 

dy dv du 
• y=uv--+-=u-+v-

dx dx dx 

'I • J - dx = (nx + C 
x 

• J cosxdx = sinx + C 

J( " ( ax + ~r' 
• ax+~) dx - ( ) +C a n+ 1 
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• Maxima & Minima of a function y - fIx) 

dy d'y 
- =0& - = -\Ie 
dx dx' 

• For maximum value 

• For minimum value 

• Average of a varying quantity 

If y = fIx) then 

" 

Formulae for determination of area 

• Area of a square = (side)' 

• Area of rectangle = length x breadth 

• 
1 

Area of a triangle = ,72 x base x height 

• 
1 

Area of a Irapezoid = 2 x (distance between paraDeI sides) x (sum of parallel sides) 

• Area enclosed by a circle = 'It r2 

• Surface area of a sphere "" 4n r2 

• Area of a parallelogram = base x height 

Area of curved surface of cylinder"" 2n rl , 

(r = radiust 

(r - radius) 

(r = radius and t = length) 

• Area of whole surface of cylinder = 2nr (r + t ) (i = length) I 
Area of ellipse = 1t ab (a & b are semi major and semi minOT axis respectively) ~_ 

Surface area of a cube = 6(siOO)' J 
• 

" • ;; 

~ 
• Total surface area of a cone = nr2+1trl where nr! = nT .Jr2 + h2 = lateral area 

L-______________________________________________________ ~ " 
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Formulae for determination of volume : 

• Volume of a rectangular slab = length x breadth x height = abt 

• Volume of a cube = (side)' 

• 

• 

• 

4 
Volume of a sphere = 3 1t r' 

Volume of a cylinder = 1t r't 

1 
Volume of a cone = '31t r2h 

(r = radius) 

(r = radius and e = length) 

(r = radius and h = height) 

KEY POINTS: 

• 

• 

• To convert an angle from degree to radian, we have to multiply it by 180' 

and to convert an angle from radian to degree, we have to multiply it 

180' 
by-. 

1t 

By help of differentiation, if y is given, we can find ~~ and by help of integration, 

if ~~ is given, we can find y. 

t • The maximum and minimum values of function A cos8+Bsin9 are 

I 
j 
i . 
" ii 

i 

,J A' + B' and - ,J A' + B' respectively. 

(a+b)' = a' + b' + 2ab 

(a+b) (a-b) = a' - b' 

(a-b)' = a' - b' - 3ab (a-b) 

(a-b)' = a' + b' - 2ab 

(a+b)' = a' + b' + 3ab (a+b) 

" L------------------c----------------~ E 5 
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• Vector Quantities 

A physical quantity which requires magnitude and a particular direction, when it 
is expressed. 

• Triangle law of Vector addition 

R=JA' +B'+ 2ABcosG 

R : 
IR=A+B~_ : 

B !Bsin9 
.L.i - -A BeosS 

B.e e e 
tan(l = A + BeosO if A = B then R = 2Acos:2 & a =:2 

R~. = A+B for 9=0' ; R"", = A-B for 9= 180' 

• Parallelogram Law of Addition of Two Vectors 

If two vectors are represented by two adjacent sides 
of a parallelogram which are directed away from 
their common point then their sum (j .e. resultant 

vector) is given by the diagonal of the parallelogram 
passing away through that common point. 

o .... -... --.----...... . 

" ' / 
i 

~-'--';-------+"I 
A 

AB + AD = AC = R or A +B = R ~ R = ~A' + B' +2AB cose 

• 

B sinS 0 A sinS 
tan (l = and tan ~ = ::---:---::-

A+Bcose B + Acos e 

Vector subtraction 

BsinS 
R = JA' + B' - 2ABcosO ' tan(l= A _ BeasS 

/fA B then R = 2A sin! 
2 

7 

l :-
_ Bcose IB 
A -.S~ ..... 

e 
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• Addition of More than Two Vectors (law of Polygon) 

If some vectors are represented by sides of a polygon in same order, then their 
resultant vector is represented by the closing side of polygon in the opposite 
order, 

~- C R=A+B+C+D 
- R 
A Q ' '_ _ B 

A 

ii 

ii 

• Rectangular component of a 3-D vector 

Angle made with x-axis A A cosa=.:......:.!..= • ( 
A IA2+ A2+ A2 v. y l 

Angle made with y-axis 
A A 

cosp=_Y = II m 
A IA'+A' +A' V II II I 

Angle made with z-axis 

o t , m t n are called direction cosines 

or sin2a + sin2 p + sin2y =2 

• General Vector In x-v plane 

~ a , 
I 

'CrT,"'b I 7 i • 
9 i • x , 

L-______________________________________________________ -J " 

r = xl + yj = r (cos 91 + sin Gil 
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Examples 
1. Construct a vector of magnitude 6 units making an angle of 60° with x· 

axis. 

Sol. r = r(cos60i + sln 60j) = 6(~i + ~j) =3i +3./3j 

2. Construct an unit vector making an angle of 1350 with x axis. 

Sol. f = 1(cos 13soi +sin13So]) = ]z(-i+]) 

• Scalar product (Dot Product) 

o 

o 

-- l(A-B) A.B = AB cos8 => Angle between two vectors 8 = cos' As 

If A = A,i + A,] + A,k & B = B,i + B,] + B,k then 

A.B = A,B, + A,B, + A,B, and angle between A & B is given by 

-- AB AB B 
A.B _~~.~.-+~,~,~+-A~,~,=-~ coso=-= 
AB IA' +A'+A' IB'+ B'+B' " J( Y l V It Y I 

[] Component of vector b along vector a , b,,= (b . a )a L 
b" i 

" Component of b perpendicular to a, b.L = b - bll=b- (b .a)a 

• Cross Product {Vector product) 

o A x B = AB sin 8 Ii where Ii is a vector perpendicular to A & B or 
their plane and its direction given by right hand thumb rule. 

o 

o 

A x B = A, A, 
B, By 

AxB = -BxA 

A,it 

lW;z',~ 
k 
A, = i (A B -A B) - 'J' (A B -B A) + idA B - B A) 

11 I Z • r It • Y " 

B, 

• L-______________________________________________________ -J 
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[J 

[J 

[J 

(A x B)A = (A x B).B =0 

Ix I= o , )X )=O, kXk =O 

k x J = -I. i x k =-1 
• DIfferentIatIon 

[J 

~it ive 

~i:ltive 

d -- dA - -dB -(A xB) =- x B+ Ax
dt dt dt 

• I 

• When a particle moved from (Xl' YI• Zt) to (X2• Y2' Z2) then its displacement 
vector 

i' = i'2 - i'l = (x,; + y , ] + z, k) - (XI; + YI] + ZJ<) 

=(X, -XI); +(y, -YI)]+(Z, -zl)k 
Magnitooe 

r = Ii'I = J(x, - XI)' + (y, - Y/ + (z, - Zl) ' 

• l..aJnt's theorem 
A 

• 

• 
• 
• 
• 

B /">:';""'''''a::--'''':::'u. C 

sin A sinB sine 
a b c 

Area of triangle 
I A . ;;1 1 

Area=~=-ABsin9 
2 2 

Area of parallelogram Area = IA x BI = ABsin9 

For Parallel vectors AxB=O 
For perpendicular vectors A.B=Q 
For coplanar vectors A.(B x C) =0 

~ -!lBsme ,/ 
A 

~ 
~ 

~ 

I • ;; 

~ 
~----------------------------------~ " 10 E 
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Examples of dot products: 

• Work, W = F.Ci = Fdcos8 where F -> force, d .... displacement 

• Power, P = F.ii = FvcosS where F ----. force, v --+ velocity 

• Electric flux , ~, = tA = EAcosS where E .... electric fie ld, A .... Area 

• Magnetic flux, ~, = B.A = BAcosS where B .... magnetic field, A .... Area 

• Potential energy of dipole in where p ---tdipole moment, 

uniform field, U = - p.E where E .... Electric field 

Examples of cross products : 

• Torque t = f x F where r --+ position vector, F --+ force 

• Angular momentum j = f x p where r--+ JX)SitlonvectoT, p --+linearmomentum 

• Linear velocity v = w x r where r --+ position vector, ro --+ angular velOcity 

• Torque on dipole placed in electric field 'i = P x E 

where p .... dipole moment, E .... electric fie ld 

KEYPOINTS : 

• 

Ten so r : A quantity that has different values in different directions is called 
tensor, 

Ex. Moment of Inertia 

In fact te nsors are merely a generalisation of scalars and vectors; a scalar is a 
zero rank tensor, and a vector is a first rank tensor. 

Electric current is not a vector as it does not obey the law of vector addition. 

A unit vector has no unit. 

To a vector only a vector of same type can be added and the resultant is a vector 
of the same type. 

A scalar or a vector can never be divided by a vector. 

11 
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'3 " ' .. j,,' ';' I ,." , •• ~ W·~t." t ,.' .•• ~ '~~rt r~.p '~~·it'!i~ fi1~~~~ ~r~tr.~ " cr'" 'l,f" ,.~. Unjts, .Dimens~n'IMeasurement.s". 
and Practical Physics 

• Fundamental or base quantities : 

The quantities which do not depend upon other quantities for their complete 

deflnition are known as fundamental or base quantities. 

e.g. : length, mass, time, etc. 

• Derived quantities : 

The q~ntitles which can be expressed In terms of the fundamental quantities 

are known as derived quantities .e.g. 

Speed (-distance/time), volume, acceleration, force, pressure, etc. 

• Units of physical quantities 

. The chosen reference standard of measurement in multiples of which, a physical 

quantity is expressed is called the unit of that quantity. 

Physical Quantity = Numerical Value x Unit 

Systems of UnIts 

MKS CGS fPS MKSQ MKSA 
(;) l.enath 1m! Lenoth em l.enoth 1ft Lenoth 1m! l.enoth m! 
(i) Mas, (kg) Moss 9) Moss (pound) Moss (kg) Moss (kg) 

(i;, TIme ~) TIme :,) nne(,) TIme ~) TIme ~) 
Ii,,) - - - CharQe (Q) Current (A) 

Fundamental Quantltleo In Sol. System and their units 

S.N. Ph~lcal Qty. Name of Unit Symbol 
1 Mass kilogram kg 
2 Lenqth meter m 
3 TIme second s 
4 Teml"'rature kelvin K 
5 Luminous intensity candela Cd 
6 Eiectric current ampere A 
7 Amount of substance mole mol 

~-------------------1~3------------------~ 
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SI Base Qua ntit ies and Units 

~'·'.I.t' ,', d· . 'i' ,." ' I,,~~ ' , ~".Unlt. " 
, I .. . 

,I'B_ Quant ity " 

~' Name,! ,~ymbol ,,;" Definition . , 
f' " " , ,. 

Length meter m The meter is the length of the path traveled 
by light in vacuum during a time interval of 
1/ 1299 792 458) of a second (1983) 

Mass kilogram kg The kilogram is equal to the mass o f the 
international prototype of the ki logram (a 
platlnum-iridium alloy cylinder) kept at 
International Bureau of Weights and 
~~~res , at Sevres, near Paris. France. 

Time second s The second is the duration o f 9. 192. 631, 
770 perkxls of the radiation corresponding 
to the transition between the two hyperfine 
levels o f lt ~e g;~und state o f the cesium-
133 atom 1967 

FJectric Current ampere A The ampere is that constant current which, 
if maintained in two straight parallel 
conductors of infinite length. o f negligible 
circular cross-section, and placed 1 metre 
apart in vacuum. would produce between 
these condudors a force equal to 2 x 10-7 

Newton oer metre of )enath. 119481 
Thennodynamk: kelvin K The kelvin. is the fraction 1/27 3. 16 o f the 

Temperature thermodynam~ (~em~rat ure of the triple 
I ooint of water. 1967 

Amount of mole mol The mole is the amount of substance of a 
Substance system, which contains as many 

elementary entities as J:here are atoms in 
0.012 k;b,,,,,,, of ",roon-12. 11971\ 

wminous ctlndela Cd The candela is the luminous intensity, in a 
Intensity given direction, of a source that emits 

monochromatic radiation of frequency 540 
x 10 12 hertz and that has a radiant intensity 
in that dire ction of 1/683 watt per 
sterad;'n 119791 , 

• SupplementaJy Units 

• Radian (rad) w for measurement of plane angle 

• Steradian (sr) - for measurement o f solid angle 

• Dbnen.ional Formula • 

Relation w h ich express p h ysical quantities in tenns of appropriate powers 
of funda me ntal units, 

14 E 
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• To check the dimensional correctness of a given physical relation 

• To derive relationship between different physical quantities 

• To convert units of a physical quantity from one system to another 

• Limitations of this method : 

• In Mechanics the formula for a physical quantity depending on more than 

three other physical quantities cannot be derived. lt can only be checked. 

• This method can be used only if the dependency is of multiplication type. 

The formulae containing exponential, trigonometrical and logarithmic 

functions can't be derived using this method. Fonnulae containing more 

than one term which are - added or subtracted like 

1 
s = ut + - at' also can't be derived. 

2 

• The relation derived from this methoo gives no information about the 

dimensionless constants. 

• If dimensions are given, physical quantity may not be unique !liS many * physical quantities have the same dimensions. 

~ 

I 

f • • I 
" E 

• It gives no infonnation whether a physical quantity is a scalar or a vector. 

SIPREFIXES 

The magnitudes of physical quantities vary over a wide range. The CGPM 

recommended standard prefixes for magnitude too large or too small to be 

expressed more compactly for certain powers of 10. 

~------------------------------------------~ 15 
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Prefixes used for different powers of 10 

" ·d.· • .. ;Iii'''''' . 'j "r ••.• ' , iii., , .. ; 
; i, <I. .' I" r'. ; I I ' •. I '-, , .' .,'~ ~~i:1 I;, .k,', . ,i , i:t~~Wef 'O'~ "i ~: " e~fl~~' . ,. Symbol),' . POwer. of;:~, 'I p ·iI ·· .. · S ' bO! ' 

,I • 101, I .. ;;~;' '.' ~ I I '1. 1'(1' "i'j . ~ JTe x"fT~' i .• . '," ~ "/'1< . (1;< .~;. ' .... 'e ..•• • ; 
I,. " ,I,. r,.~ ,'(IV . H: : . , ." I ' I'· .j !;, Ir I I~l;'!, . 'e' 'I;', t:':,,, . " " , t., .,' " 'r, I. , ~', . 

1018 exa E 10-1 ded d 

1015 peta P 10 ' centi c 

10" tera T 10-' milll m 

10' giga G 10"; micro ~ 
10· mega M 10'" nano n 

10' kilo k 10 12 pico P 

10' hecto h IO- IS femto f 

101 deca da 10-18 atto a 

Units of Important Physical Quantities 

~ iitt 
. .. 

i~if~ : . ,," , :.':;" :;!,'i.;: ~!Hi 
r . , . 

IliiIW'!~~~:i;li.[m :i' . ' . 1hI;li!~t~~, .. , .. : ': ' . .:' ...... 
, . , i ' , ~ , , ' , ;;;,',.', ':,': /1 ill 1,1, 

~gular rad s-2 Frequency hertz -
Moment of inertia kg-m2 Resistance kg m2 A-2 S- 3 

Self inductance Henry Surface tension newton/m 

Magnetic flux Weber 1~ joule K-1 mort 

Pole strength A-m Dipole moment CouJomb-meter 

Viscosity Poise Stefan oonsiant watt m-2 K-" 

Reactance Ohm 
free space ~~ Coulomb' /N-m' 

Specific heat J!1<g"C 
free space ~ Weber/A-m 

":;f~~ newton A -1 m 1 PlarK:k's constant louie-sec 

Parsec Entropy J/K 

~------------------~1~6------------------~ 
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Dimensions of Important Physical Quantities 

" -.ti;.~!:" P.bYsiC~:lj : );11 i' 'j ,,-,. ':' .»:'1 :r~,; r:':I,;~ mw5iciill~' .j !:J ~ :1'1:i
1
.- fi I"'~ _ ~ 

I. - ':1. qu ,llltilY ';:111 :.:· 'I,+ : ~I'~~-:WI9~if I I,J:·:" i'~I'I~" ~I ',: I , '\::: 'l!ll~~iO~, f':,1 
',I":1ii!~'ii", ~' . , ,.';!;::~;;L~:,~ I ~_~ !,' l " '!ll~'! :"~.! I ~I ·1r.~W U~' _ tj" ~, I, : ;" 11 ,'. ",. 

.. ' , t· ' ." ,. , , .,', 

Momentum M'L',' Capacitaoce M-'L-2T'N 

Calorie M' L' T-2 
Mooulus of 

M' L-' T-2 rigidity 

Latent heat 
MO L' T-2 

Magnetic 
M' L' T-2A-2 capacity permeability 

Self inductance M' L'T-2A-2 Pressure M' L-' T-2 

Coefficient of 
thermal M' L' T-2K-' Plaock's ocnstant M'L' ,' 

conductivity 

Pov..er M' L' T-2 Solar constant M' Lo, ' 

Impulse M'L',' Magnetic flux M' L' T-2 A-' 

Hole mobility in a 
M- ' LOT' A' Current density MOL-2 T" A' semi cooductor 

Bulk mooulus of 
M'L- ' ~ Young mooulJs M' L-' T-2 elasticity 

Potential energy M' L' T-2 
Magnetic field 

MOL-' T"A' intensity 

Gravitational 
~, L' T-2 

Magnetic 
M'T-2A-' constant Induction 

Light year M" L' T" Permittivity M-' L """T'A' 

Thermal 
~' L-2T'K Electric Reid M'L'T-2A-' resistance 

Coefficient of M'L-',' Resistance viscosity ML'I'A-2 

~ 

I : 
; 
• i 
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Sets of Quantities having same dimensions 

S.N. . . Dmensions 
l. Strain, refractive index, relative density, angle, solid 

angle, phase, distance gradient, relative permeability, 

relative permittivity, angle ot contact , Reynclds IMoLo~ 

number, coefficient of friction, mechanical equivalent 

of heat , electric susceptibility, etc. 

2. Mass and Inertia IM'L°T"I 

3 . Momentum and impulse. 1M' L' "I 

4. Thrust, force. weight, tension, energy gradient. IMI L' , 'I 

5. Pressure, stress, Young's modulus, bulk modulus, 

shear modllus, modulus of rigidity, energy density. 
1M' L-' ,~ 

6. Angular manentum and Planck's constant (h). IM'L' ,II 

7 . Acceleratic:o, g and gravitational field intensity. I MOLl,.] 

8. Surface tension , free surface energy (energy per unit 

area), force gradient, spring constant. 
IM'Lo"l 

9 . Latent heat capacity and gravitational potential. I MOL','] 

10. Thermal capadty, Boltzmann constant. entropy. I ML ZJ'"""'K-I] 

1l. Work, tOrqJe , internal energy. potential energy, 

kinetic eI1f!rgy, moment of force , (q'/C), (U~. (qV), 
IMI L' ''I 

V' 
(V'C), o'R~, 1ft, (VIt), (PV), (Rn. (mL), (me tJ. n 

12. Frequency, angular frequency, angular velocity, 

velocity gradient, radioactivity R ,.2..,k lMo Lo ,11 
L RC LC 

13. 
(~r ,(: r ,(H (RC),(J[C). tUne I MO LO T il 

14. (VI), O' R), (V'/ R). Power 1M L' , 3) 

18 E 
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Some Fundamental Constants 

Gravitational constant (G) 6 .67 x 10-" N m' kg-' 

Speed of light in varnum (c) 3 x 108 ms- I 

Permea bility of vacuum (flo) 41t x 10-' H m-' 

Permittivity of vacuum (eo) 8.85 x 10- 12 F m- ' 

Planck constant (h) 6.63 x 10-34 Js 

Atomic mass unit (amu) 1. 66 x 10-27 kg 

Energy equivalent of 1 amu 931.5 MeV 

Electron rest mass (mJ 9.1 x 10-" kg = 0.511 MeV 

Avogadro constant (N", 6.02 x 10" mol- ' 

Faraday constant (F) 9.648 x 10' C mol- ' 

Stefan- Boltzmann constant (cr) 5.67 x 10-' W m-' K-' 

Wien constant (b) 2.89 x 10-' mK 

Rydberg constant (R,,) 1.097 x 10' m- ' 

Triple point for water 273.16 K (0.01' 0 

Molar volume of ideal gas (NTP) 22.4 L - 22.4 X 10-3 m' mar' 

KEY POINTS 

11 • 
Fl 

~ 
J • 

i : 
~ . 
;; 

j 

Trigonometric functions sine, co59, tanS etc and their arrangements 9 are 
dimensionless. 

Dimensions of differential coefficients [~~] = [:. ] 

Dimensions of integrals [f YdxJ = [yx I 
We can't add or subtract two physical quantities of different dimensions. 

Independent quantities may be taken as fundamental quantities in a new system 
of units. 

" ~------------------~1~9------------------~ E 
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PRACTICAL PHYSICS 

• Rules for Counting Significant Figures 
For a number greater than 1 
• All non-zero digits are significant. 
• All zeros between two non-zero digits are significant. Location of decimal 

does not matter. 
• If the numbe is without decimal part, then the terminal or trailing zeros 

are not significant. 

• Trailing zeros in the decimal part are significant. 

• For a Number Less Than 1 
Any zero to the right of a non-zero digit is significant. All zeros between decimal 
point and first non-zero digit are not significant. 

• Significant Figures 
All accurately known digits in measurement plus the first uncertain digit together 

form significant figure. 
Ex. 0.108 ..... 3SF, 40.000 ..... 5SF, 

l.23 x 10'" ..... 3SF. 0.0018 ..... 2SF 
• Rounding off 

6.87 ..... 6.9, 6.84 ..... 6.8, 6.85 ..... 6.8, 
6.75 ..... 6.8, 6.65 --+ 6.6, 6.95 ..... 7.0 

• Order of magnitude : 
Power of 10 required to represent a quantity 
49 ~ 4.9 x 101 ,,10' ~ order of magnitude ~1 
51 = 5.1 x 101 

" 10' ~ order of magnitude = 2 
0.051 ~ 5.1 xlO" " 10" ~ order of magnitude =-1 

• Propagation of combination of errors 
Error in Summation and Difference : x ~ a + b then ru< = ± (6a+6b) 

• Error In Product and Division A physical quantity X depend upon Y & 
Z as X = ya Zb then maximum possible fractional error in X. 

• Error In Power ola Quantity: X = ~: then ~ = ±[ m( ~) + n( ~b)] 
• Least count : lhe smallest value of a physical quantity which can be measured 

accurately with an instrument is called the least count of the measuring 
instrument. 

• Vernier Callipers Least count - 1 MSD - 1 VSD 
(MSD ~ main scale division, VSD -.. Vernier scale division) 

? 
i 

i 
" ;; , 

L-__________________________ ~--------------------------~ " 
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Ex. A vernier scale has 10 parts, which are equal to 9 parts of main scale having 

9 
each path equal to 1 mm then least count = I mm - 10 mm = 0.1 mm 

I': 9 MSD = 10 VSDJ 
• Screw Gauge : 

Least count = _....,.._-"p;.:itc",h.:....,.,..._ 
total no. of divisions 

on circular scale 

Zero Error: 

Circular (Head) acaIe 

If there is no object between the jaws (i.e. jaws are in contact), the 
screwgauge should give zero reading, But due to extra material on 
jaws, even if there is no object, it gives some excess reading. This 
excess reading is called Zero error, 

Exc.! .. rnding .. 0 .07 mn (zefo ""'><1 
hgtYH 3 .07 rTm 

I 
In ... ,10;1'1 tIwnI II 0.07 ,..." ~"1'1'~ ",hid. 
'-10 be dltTacted. 
10 ..... 1 ~ .. 3.07 .. 0.07 .. :'1.00 IT'011 

I \ 
~ f~'""....d~lg 
IoWdIngI (:foro errorl 

I AclulII relld;og .. obMNeI:I .. n:c- ... ...tins I 
. rudi--.g (un. f rrl>fl . 

Excess reading = 0.07 mm (zero error) 

Ex. The distance moved by spindle of a screw gauge for each turn of head is Imm. 
The edge of the humble is provided with a angular scale carrying 100 equal 

Imm 
divisions. The least count = 100 R 0.01 mm 

L-------------------~2-1------------------~ 
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• Distance and Displacement 
Total length of path (ACB) covered by the particle, in definite time interval is 
called distance. Displacement vector or displacement is the minimum distance 
(AB) and directed from initial position to final position. 

c 
..•........ --..... ---... ~ ...... . 

AI'- ' .. B 

• Displacement in tenns of position vector 

From t.OAB 
A 

B 

Ilr = (x, - XI); + (y, - Ylli + (z, - zl)k 0"""''-----+ 

• 

• 

A e10dty Displacement -. M veragev = =V =-
Time Interval ~ t.t 

A ed 
Dis tan ce travelled verage spe .:= -'=:'-.,;,.:.':------,--

Time interval 

• For unJ'onn motion 
Average speed = I average velocity I,.. I instataneous velocity 1 

• dr d ( - " -) dx - dy - dz - - - " Velocity v =-=- xi +yj + zk =-i +- j +-k =vxi +v~ j + vzk 
dtdt . dtdtdt 

A Ac I Ii .c.to:..;ta.o.l_c:..:h,;.a_ng"e,:-in--:veI:-,--oc---,---ity", verage ce era on = -
total time taken 

i • 

_ Ilv 
a =

W t.t 

AooeIe.at1on 

I dii d (- - -) dv" dv " dv - " - --I a= - =- v i+v j+vk =_x i + - ' j + _ zk = a i+a,j+a,k 
dtdt '" dt cit cit' 

< Important points about ID motion 

• • Distance ~ I displacement I and Average speed ~ I average velocity I 

• ij • 
I <a) atleast at one point in path, velocity is zero. • L-______________________________________________________ ~ 

E 23 

If distance > I displacement I this implies 

SBG STUDY



Physics HandBook 

(b) The body must have retarded during the motion 

• Acceleration positive indicates velocity increases and speed may increase 
or decrease 

• Speed increase if acceleration and velocily both are positive or negative 

(Le. both have same sign) 

dv dv 
• In 1-0 motion a=-=v-

dt dx 

• Graphical integration in Motion analysis a 

• 
dv y ~ ., ." 

a=dt~ Jdv= fadt ~V2 -VI = fadt 
\/1 II 'I 

~ Change in velocily 

t, Area between acceleration curve 

and time axis, from t 1 to t2• shllded area - change In velocity 

• 

~ Change in position = displacement 

= area between velocity curve and 

time axis, from t l to t2, 

v 

.haded area - dieplaoement 
Important poInt about graphical analysis of motion 

• Instantaneous velocity is the slope of position time curve. 

• Slope of velocity-time curve instantaneous acceleration 

• v-t curve area gives displacement. 

• a-t curve area gives change in velocity. 

Differenlilltion 

DisplacetM!nt II 'I Velocity 

Integration 

Differentilltion 

I, 'I 
Integr&tlon 

(a = ~~) 

[6x = JI.<It ] 

[av= fadt] 

Accele .. ation 

, 
~ 

I 
; 
• 
~ ~ __________________________________________________ --J . 
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Different Cases v-t graph s-t graph 

v I v- const~ntt lZ. <I' 
l. Uniform motion 

t 

2. Uniformly accelerated 

lL. L2:, at' motion with u = 0 at 
.~ 

t = 0 t 

3. Uniformly accelerated v 

~:t+lh at' with u ;< 0 att=O ~ , .. 
u 

t 

4. Uniformly accelerated v 

L~+ut+lh at' motion with u :t; 0 ~ and s=soat t =O 
u oJ".,): t 

5. Uniformly retarded 

u~ VJ- ~' ·t' motion till velocity '", 

becomes zero ./ 
! t 

t too '. 
6. Uniformly retarded u~, ~t then accelerated in 

opposite direction 
t, 

Motion with constant acceleration : Equations of motion 
(] In vector form : 

r:J 

_ _ _ _ (u + ii) _ 1 _, _ 1 _ 2 

Ar = T2 - T} = S = -2- t = ut + 2"at = \it - 2at 

s. = u + !(2n - 1) , 2 

ISnlh --+ displacement in nih secondl 

In scalar form (for one dimensional motion) .-

v = u + at (u + v) 1 , 1 , 
5= - 2- t = ut + Zat = vt - zat 

a 
5, = U + Z(2n - 1) 

25 
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• RElATIVE MOTION 
There is no meaning of motion without reference or observer. If reference is 
not mentioned then we take the ground as a reference of motion. Generally 
velocity or displacement of the particle w,r.t. ground is called actual velocity 
or actual displacement of the body, If we describe the motion of a particle 
w.r.t. and object which is also moving w,r,t. ground then velocity of particle 

w,r,t. ground is its actual velocity (v~)and velocity of particle w,r,t. moving 

object is its relative velocity (v .. .l and the velocity of moving object (w.r.t. 

ground) is the reference velocity (vm.) then \im = vad - vm 

• Relative velocity of Rain w.r.t. the MOving Man: A man walking west 

with velocity v m' represented by OA, Let the rain be falling vertically · 

downwards with velocity ii,. represented by OB as shown in figure. 

• 

: 
.... i VertIcal." up 

~. I 
~"" e : 

" : 
A v: (10 ~ w ...... +.-..;....-¥----==---+. 

-v, 
D 

The relative velocity of rain w.r.t. man Vrm = Vr - Vm will be represented 

by diagonal 00 of rectangle OBOe. 

:. v = Jv2 + v2 + 2v v cos 90° = Jv2 + v2 
nn r m rm r m 

If 6 is the angle which v= makes with the vertical direction then } 

BOv (vi ? 
tanS = OB = v~ => S = tan-'l v~) I 

SwImmIng brto the RIver j 
A man can swim with velocity V. i.e. It Is the velocity of man w.r,t. still ! 

~ 

i 
water, If water Is also flowing with velocity v. then velocity of man relative to 

L-______________________________________________________ -J " 

26 E 

SBG STUDY



~ 
( 

I 

t , 

..... ~~~~~I 
~ Physics HandBook 

• If the swimming is in the direction of flow of water or along the downstream 

then 

• If the swimming is in the direction opposite to the flow of water or along 

the upstream then 
v • 

v = v- V m R 

• If man is crossing the river as shown in the figure j.e . ij and vR not 

collinear then use the vector algebra v m = V + vR (assuming v > vR) 

• 
-.... -~ 
_ .... + 
........ 
........ 

ij 

For shortest path : "" .... , ----11,i-----
j _ •• _+ 

d j VR. ! •••••• + 

! rj'?'" ....... ~ 
* ~ 

A 
For minimum displ/:ICement 

. 8 VR To reach at B vsin 9 = v :::::) sm =-, R V 

Time of crossing 

d I C vcose 

Note : If va > v then for minimum drifting 
Formlnlmumtbne 

sin8 = ~ 
vR 

B c 
then I t~ = ~I ... .. --.... : - .......... .. 

d ,'kX ... ~ 
; A 
! (for min imum time) 
• L-__________________________ ~--------------------------~ 
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MOTION UNDER GRAVITY 
If a body is thrown vertically up with a velocity u in the uniform gravitational 

(i) 

field (neglecting air resistance) then 

u' 
Maximum height attained H = 2g 

u 
(ii) TIme of ascent. - time of descent = 9 

2u 
(iii) Total time of flight = g 
(iv) Velocity of fall at the point of projection - u (downwards) 

", 
f ': 
! : , , , , 
: ! H , , , , , , , , 

u' i 

(v) Ga11l1eo's law of odd numbe... : For a freely falling body ratio of 
successive distance covered in equal time intemval 't' 

S, : S, : S, : .... S, - 1: 3: 5 : .... : 2n-1 

• At any point on its path the body will have same speed 

for upward journey and downward journey. 

• If a body thrown upwards crosses a point in time 

• 

t, & t, respectively then height of point h _ 'h gt ,t, 

1 
Maximum height H -"8 g(t, + t,)' 

A body is thrown upward, downward & horizontally 

with same speed takes time t" t, & t, respectlvely 

to reach the ground then t, = M & height from 

1 where the particle was throw is H = 29t,t, 

• PROJECTIl£ MOTION 
c Horizontal MotIon 

y 

u cos9 ,. U" 

a = 0 , 
x - u,t - (u cose)! 

c Vertical Motion: 

(··~~·i 

H tit 14 
: h 

cose 

x 

u 
1 1 

Vy - uy - gt where uy - u sinO; y - u,t -Zgt2. usJn9t -Zgt2 

Net acceleration - a = aJ + al'j =-gj 

o At any Instant : v" - ue059, vr - usin9 - gt 0 

28 
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For projectile motion : 

A body crosses two points at same height in time t, and t, the points 
are at distance x and y from starting point then 

(a) x + y = R 

(h) t , + t, = T 

(c) h = 1/2 gt,t , 

(d) Average velocity from A to B is ucosS y 

If a person can throw a ball to a maximum distance 'x' then the maximum 
h,eight to which he can throw the ball will be (x/ 2) 

Velocity of particle at time t : 

v = v) + v,i = u,i + (uy -gt)] = ucossi +(usinS- gt)] 

If angle of velocity ii from horizontal is a, then 

ta~a = v, = u, -gt = usinS-gt _ tanB - -.L 
v~ Ux ucose ucos9 

o At highest point : Vy =0, v. =ucos9 

o Time of flight : 

o Horizontal range 

T = 2u, = 2usinS 
g 9 

R=(ucosS)T= 2u'sinScosS 
g 

u2 sin 29 2u.uy =--
g g 

It is same for Sand (90· - S) and maximum for S = 45· 

o 

o 

Maximum height 

H 1 -=-tanS 
R 4 

o Equation of trajectory y = x tanS - ~"g,,-x'-.-:- = x tanS ( l- -R
x

) 
2u2 cos2 e 

1\ 
'--":"":R " , 

Horizontal projection from some height 

o Time of flight T = ~ 

o Horizontal range R = uT = u~ 

o Angle of velocity at any instant with horizontal S = tan- I (~) 
" ~------------------~279------------------~ E 
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• Projectile motion on Inclined plane- up motion 

[] Time of flight 

[] Maximum height 

[] Range on inclined plane 

[] Maximum range 

• 

[] Time of flight 

[] Maximum height 

[] Range on inclined plane 

[] Maximum range 

(uc0s9)T 

T=2u. =2USIn(O-a) 
9i 9 cos a. 

H =~= u' sln' (O-a) 
I1'\M 29l. 2gcosa 

R=OA 
2u' sin(O - a)cosO 

9C052 a 

u' 

2u 
T =2tH ==== 

2u sin(O+ a) 

a. 9 005 0. 

u' u2 sin2 (a+a) H =..::1...= 
20. 2gcosa 

R- OA = 2u2 cos 9sin (a + a ) 
goos2 a 

u' 
R = at angle - g(l - sina) 

30 
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KEY POINTS : 

• A positive acceleration can be associated with a "slowing down" of the body 
because the origin and the positive cilrection of motion are a matter of choice. 

• The x-t graph for a particle undergoing rectilinear motion, cannot be as shown 

in figure because infinitesimal changes in ve.locity are physically possible only 
in infinitesimal time. 

~I 
• In oblique projection of a projectile the speed gradually decreases up to the 

highest point and then increases because the tangential acceleration opposes 

the motion till the particle reaches the highest point, and then it favours 

the motion of the particle. 

In free fall , the initial velocity of a body may not be zero. 

A body can have acceleration even if its velOcity is zero at an instant. 

Average velOCity of a body may be equal to its instantaneous velocity. 

• The trajectory of an object moving under constant acceleration can be straight 

line or parabola. 
• 

The path of one projectile as seen from another projectile is a straight line 
as relative acceleration of one projectile w.r,t, another projectile is zero. 

31 
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• Force 
A push or pull that one object exerts on another. 

• Forces in nature 
There are four fundamental forces in nature : 
1. Gravitational force 2. Electromagnetic force 
3. Strong nuclear force 4 . Weak force 

• Types of forces on macroscopic objects 
~ Field Forces or Range Forces: 

These are the forces in which contact between two objects is not 
necessary. 
Ex. . (i) Gravitational force between two bodies. 

(ii) Electrostatic force between two charges. 

(b) Contact Forces : 
Contact forces exist only as long as the objects are touching each 
other. 
Ex. (i) Normal force. (ii) Frictional force 

(q Attachment to Another Body : 
Tension m in a string and spring force (F ... kx) comes in this group. 

• Newton's first law of motion (or GaB1eo's law of Inertia) 

• 

• 

Every body continues in its state of rest or unifonn motion in a straight line 
unless compelled by an external unbalanced force to change that state. 
Inertia : Inertia is the property of the body due to which body oppcses the 
change of it's state. Inertia of a body is measured by mass of the body. 

I inertia oc mass I 
Newton's second law 

F- dii d (_) dV _ dm -
= Cit = dt mv = m Cit + v (it (Linear momentum p = mli ) 

[] For constant mass system F = rna 

Momentum : It Is the product of the mass and velocity of a body i.e. 

momentum p = mv 
SI Unit : kg m s ol DImensions: 1M L T-'I 

~------------------3-3------------------~ 
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• Impulse : Impulse a product of force with lime. 

F 

, . 
impdse _ lrell under QJIVe 

" 
For a finite interval of time from t, to t, then the impulse = J Fdt 

" If constant force acts fOT an intetval .6t then : Impulse = F6.t 

Impulse-Momentum theorem 

Impulse of a force is equal to the change of momentum IF At " AIlI 

• Newton's third law of motion : Whenever a particle A exerts a force on 
another particle S , S Simultaneously exerts a force on A with the same 
magnitude in the opposite direction. . 

• Spring Force (According to Hooke'. law) : 
In equilibrium F=kx (k is spring constant) 

Note : Spring force is non impulsive in nature. 

Ex. If the lower spring is cut, find acceleration of the blocks, 
immediately after culling the spring . 

3mg mg 
Sol. Initial stretches x",,,,, = -k- and x"'- = k 

On cutting the lower spring, by virtue of non-impulsive 
nature o f spring the stretch in upper spring remains same 
immediately after culling the spring. Thus, 

Lower block : UP!- 2mg= 2ma~ a = g 
2mg 

Upper block : (
3mg) k -k- - mg = ma~ a = 29 

"i 
J 

i • ;; , 
mg _ 

~------------~--------------------~ . 34 E 
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• Motion of bodies In contact 

When two bodies of masses ro t and mt are kept on the frictionless surface 
and a force F is applied on one body, then the force with which one body 
presses the other at the point of contact is called force of contact. These 
two bodies will move with same acceleration a. 

(i) When the force F acts on the body with mass m, as shown in fig.(i) 

F = (m , + m,la 

PIg.rl) : \.\/hen the forti! F (lets on mas.s In , 

If the force exerted by m, on m, is f, (force of contactl then for body 
m,' (F - f,l = m,a 

a-

Hg. 1(11) : EB.D. representation of action and reaction forces. 

For body m2 : (1=m2a :::::) action of rn l on m2: fl _ rnlF 

• PulJeysystem mt + m2 

A single fixed pulley changes the direction of force only and in general, 
assumed to be massless and frictionless . 

SOME CASES OF PUllEY 
Case-I 
Let m] > rn2 

now for mass mll rn1 9 - T = mta 

for mass m 2,T - mt 9 = m2 a 

A I t
· (m, - m21 net pulling force cceeralon =a- g= 

(m, + m,1 total mass to be pulled 

Tension = T 
2 x Pr oduct of masses 

g 
Sum of two masses 

Reaction at the suspension of pulley R = 2T 
• L-______________________________________________________ ~ 
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Case -II 
For mass mJ : T = m} a 
Formassm2 : m2g-T=m2 a 

Acceleration a = m29 
(m, + m, ) 

FRAME OF REFERENCE 

Inertial frames of reference : A reference frame which Is either at rest 
or in unifonn motion along the straight line. A non-accelerating frame of 
reference is called an inertial frame of reference. 

All the fundamental laws of physics have been formulated in respect of 
inertial frame of reference. 

Non-inertial frame of reference: An accelerating frame of reference is 
called a non-inertial frame of reference. Newton's laws of motion are not 
direc~y applicable in such frames, before application we must add pseudo 
force. 

• Pseudo force : The force on a body due to acceleration of non-inertial 

frame is called fictitious or apparent or pseudo force and Is given by F = -mao' 

where 30 is acceleration of non-inertial frame with respect to an inertial 

frame and m is mass of the particle or body. The direction of pseudo force 
must be oPPosite to the direction of acceleration of the non-inertial frame. 

• When we draw the free body diagram of a mass, with respect to an inertial 
frame of reference we apply only the real forces (forces which are actually 
acting on the mass). But when the free body diagram is drawn from a non
inertial frame of reference a pseudo force (in addition to all real forces) has 

to be applied to make the equation F = ma to be valid in this frame alsc. 

• Man in a Lift 

If the lift moving with constant velocity v upwards or downwards. In 
this case there is no accelerated motion hence no pseudo force ~ 
experienced by observer inside the lift. i 
So apparent weight W' *Mg=Actual weight. 0 

If the lift Is accelerated upward with constant acceleration a. lot 

Then forces acting on the man w.r.t. observed inside the lift 
are 

(I) Weight W=Mg downward 
:0 

(ii) Fictitious force Fo=Ma downward. iii 

So apparent weight W'=W+Fo-Mg+Ma=M(g+a) , 
L-______________ ~--------------~ " 
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(c) If the lift is acceierated downward with acceieration a<g. 

Then w.r.t. observer inside the lift fictitious force F,= Ma acts upward 
while weight of man W = Mg always acts downward. 

So apparent weight W' = W - Fa = Mg - Ma = M(g- a) 

Special Case : 

if a=g then W' =0 (condition of weightlessness). 

Thus, in a free iy falling lift the man will experience weightlessness. 

(d) If lift accelerates downward with acceleration a > 9 . Then as in Case 
(e). Apparent weight W' =M(g-a} is negative, i.e., the man will be 
acceierated upward and will stay at the ceiling of the lift. 

FRICTION 

Friction is the force of two surfaces in contact , or the force of a medium 
acting on a moving object. (Le. air on aircraft.) 

Frictional forces arise due to molecular interactions. In some cases friction 
acts as a supporting force and in some cases it acts as opposing force. 

• Cause of Friction: Friction is arises on account of strong atomic or molecular 
forces of attraction between the two surfaces at the point of actual contact. 

• Types of friction 

! 
Static friction 

(No relative motion 
betw"een objects) 

Friction 

1 
l 

Dynamk friction 
(Kinetic friction) 

(There is relative motion 
betv..reen objects) 

• Graph between applied force and force of friction 

Friction force (0 
Umiting frkllon 

I-I, .. ,/ ..............•............. 
Dynamic friction 

Applied force F 

" L-__________________________ ~~------------------------~ 
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• 

• 

• 

(I ) - _ 
Static friction coefficient ~. = . N~ • 0 ,;; I, ,;; ~.N. ~ = - F """'"' 

(I')m~ = ~.N = limiting friction 

I, _ ) . 
Sliding friction coefficient ~, = N' I, = -(~,N v ........ 

Angle of Friction (l.) 

Is ~.N 
Applied tan l. = N = N =~ , 

~mmm'''~ 

w 

• Angle of repose : The maximum angle 01 an inclined plane lor which a 
block remains stationary on the plane . 

tan~-~ • 

• For smooth surlace aR- 0 

N 

• Dependent MotIon of Connected Bodies 
Method I : Method of constraint equations 

lUI = constant ;::::) 1: XI = 0 ;::::) E Xi = 01 

a For n moving bodies we have xl' x2.".x
n 

o No. of constraint equations = no. of strings 

Method II : Method of virtual work: The sum 01 scalar products of lorces 
applied by connecting links 01 constant length and displacement of corre
sponding contact pOints equal to zero. 

ID',·lir, =0 => D', . ii, = o=> IF ,0, = 01 
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x, 

KEY POINTS 

• 

• 

Aeroplanes always fly at low altitudes because according to Newton's III law 
of motion as aeroplane displaces air & at low altitude density of air is high. 

Rockets move by pushing the exhaust gases out so they can fly at low & 
high altitude. 

Pulling a lawn roller is easier than pushing it because pushing increases the 
apparent weight and hence friction. 

A moongphaliwala sells his moongphali using a weighing machine in an 
elevator. He gain more profit if the elevator is accelerating up because the 
apparent weight of an object increases in an elevator while accelerating upward. 

Pulling (figure I) is easier than pushing (figure II) on a rough horizontal surface 
because normal reaction is less in pulling than in pushing. 

~F m ......... . 

\\II\(\(\\k\\\\\\\~\\\ ~ ----- -- m 
ilnmn,);i/IJ/1Hn 

Fig. I Fig. II 

While walking on ice, one should take small steps to avoid slipping . This 
is because smaller step increases the normal reaction and that ensure smaller 
friction. 

A man in a closed cabin (lift) falling freely does not experience gravity as 
inertial and gravitational mass have equivalence . 
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• Work done W c fdW = fF.dr = fFdr cos9 

[where 9 is the angle between F & dr [ 

• For constant force W = F.d = Fdcos9 
• For Unidirectional force 

W= fdW = fFdx = Area between F- x cUlve and x-axis. 

• Calculation of work done from forcOHllsplacemenl graph: 
· F 

O'-'M~x'--d\lx~-"X~"+ X 

Total work done W = r,dW = f:Fdx = Area of P P NM , , 2 
" 

= fFdx 
"I x l 

" 
• Nature of work done : Although work done is a scalar quantity, yet its value 

may be positive, negative or even zero 

Negative work Zero work Positive work 

F~S k ~s " So 
:b 90"1 

~· I . 901 

/ 
~:' < !ll'~ 

... @'. ,f mg 

st 
Wcrk dcne l:y 

! 
:nclion fo:co;:e 

Motion of panl-:k: i m9 

(1" leO": on circular plllh fur,lIorn(' -16- 90") M<)Iion ~nd ... r grllllily 

S "'" j 

~ ¢ 
. ' F- 2.5N 

f~F 
'!' mg f - ION - . , - ..... f_frictio n foroo 

Wo rk da r.e by ~,itj.. 
mg .. 100N ¥krk done ~ Ir1ctlcn 

Io} - ISO, Ior=-e on b:ock A 

As 1- F, hence 5-0 (B oo <11 
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Conservative F orees 

• Work done does not depend upon path. 

• Work done in a round trip is zero. 

• Central forces, spring forces etc. are conservative forces 

• When only a conservative force acts within a system, the kinetic energy 
and potential energy can change into each other. However, their sum, 
the mechanical energy of the system, doesn't change. 

• Work done is .completely recoverable. 

• If F is a conservative force then V x F = 6 (i.e. curl of F is zero) 

Non-conservatlve F orees 

• Work done depends upon path. 

• Work done in a round trip is not zero. 

• Force are velocity-dependent & retarding in nature e.g. friction, viscous 

force etc . 

• Work done against a non-conservative force may be dissipated as heat energy. 

• Work done Is not recoverable. 

KInetic energy 

• The energy possessed by a body by virtue of its motion is called kinetic 
energy. 

K 1 2 1 (- - ) =2mv =2mv.v 

• Kinetic energy is a frame dependent quantity because velocity is a frame 
depends. 

Potential energy 

• The energy which a bcxfy has by virtue of its position or configuration in a 

• 
conservative force field. : .. 

Potential energy is a relative quantity. 

Potential energy is defined omy for conservative force field. i 
Relationship between conservative force field and potential energy: J • 

• 
- aU, Ol/, aU- i-F = -vu = - grad(U) = --1--) --k 

ax Oy az 
If force varies only with one dimension (along x-axis) then 

~ 
• 

• dU X2 -

F2-dx" ~ U=- f Fdx i 
" ~--------------------------~--------------------------~ . A" F 
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• Potential energy curve and equilibrium 

B 

11 

E 
I G I 
I 

C I 
H 

I I D I 
I I I 
I I I 
I A I I 
I I I 

I I I 
I I 

F~ ~F .- F F~ 

position of partk le --+ 

It is a curve which shows change in potential energy with postion of a particle. 

• Stable Equilibrium : 

• 

When a particle is slightly displaced from eqUilibrium position and it tends to 
come back ~owards equilibrium then it is said to be in stable equilibrium 

At point C : slope 
dU 

dx 
is negative so F is positive 

dU 
At point D : slope 

dx 
is positive so F is negative 

At point A : It is the point of stable equilibrium . 

U U dU = O 
'"" min ' dx and 

d' U 
dx 2 = positive 

Unstable equUibrlum : 

When a particle is slightly displaced from equilibrium and it tends to move 
away from equilibrium position then it is said to be in unstable equilibrium 

dU 
At point E : slope d;- is positive so F is negative 

At point G : slope dU is negative so F is postive 
dx 

At point B : It is the point of unstable equilibrium. 

~ dU d2U . 
i: U=U I - = 0 and --2 = negative 
1 ~K dx dx 
• L-__________________________ ~--------------------------~ 
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• Neutral equilibrium: 

When a particle is slightly displaced from equilibrium position and no force 
acts on it then equilbirum is said to be neutral equilibrium. Point H is at 

neutral equilibrium ~ U = constant·, dU =0 d'U =0 
dx 'dx' 

• Work energy theorem: W = 6KE 

• 

Change in kinetic energy = work done by all force 

dU 
For conservative force F(x) =- d; 

change in potential energy 6U = -I F(x)dx 

• Law of conservation of Mechaoical energy 

• 

• 
• 

• 

Total mechanical (kinetic + potential) energy of a system remains constant 
if only conseJVative forces are acting on the system of particles or the work 
done by all other forces is zero. From work energy theorem W = 6KE 

Proof: For internal conservative forces Wi~ = -aU 

=> a(KE + U) = 0 => KE + U - constant 

1 
Spring force Fa-kx, Elastic potential energy stored in spring U(x) = Zkx' 

Mass and energy are equivalent and are related by E = me' 

Power 

• Power is a scalar quantity with dimension MlL'T-3 

• 51 unit of power is J/s or watt 

• 1 horsepower a 746 watt - 550 ft-lb/see. 

Average power P ~ - Wit 

~ 
i 

I • , 
~--------------~--------------~ . 44 E 
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Instantaneous power P = rfJJ = F.di' = F.v 
dt dt 

•• •• - ____ • --- - - - - - ____ H . -r - __ _ ____________ --____ _____ --___ -- ______ -_______ • ___ - -__ • ___ _ 

' ii / - : 1l~, .:i?1 
I I &t I e I I I' ~I time 

dt time , I ~ I I t l 

WsfPdt instantaneous power average power 1 
dW -p p w, w, t:.W j I P""-=tane I ... " --=-

• I;g.(o) ., •• ,.' , . _,.",.L!;~,(bL .. , .. dt ___ "".,., •• ,!J,g !~) , .. ____ ,:~::''' __ ~: ____ . 

F' d ( ' ) dii, dm For a system of varying mass = - mv = m - + v-
dt dt dt 

If ii = constant then 

In rotatory motion : 

, , dm 
F =v- then 

dt 

de 
P=t - =tOO 

dt 

P F
" , dm 

= .V=V -
dt 

KEY POINTS 

• A body may gain kinetic energy and potential energy simultaneously because 

principle of conselVation of mechanical energy may not be valid every time. 

• Comets move around the sun in elliptical orbits. The gravitational force on 
the comet due to sun is not nannal to the comet's velocity but the work 

done by the gravitational force is zeTO in complete round trip because 

gravitational force is a conservative force. 

• Work done by static friction may be positive because static friction may acts 

along the direction of motion of an object. 
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• Definition of Circular Motion 

When a particle moves in a plane such that its distance from a fixed (or moving) 

point remains constant then its motion is called as circular motion with respect 

to that fixed point. That fixed point is called centre and the distance is called 

radius of circular path. 

Radius Vector: 

The vector joining the centre of the circle and the center of the particle 

performing circular motion is called radius vector. It has constant magnitude 

and variable direction. It is directed outward 

Frequency (n) , 

No. of revolutions described by particle per sec. is its frequency. Its unit is 

revolutions per second (r.p.s.) or revolutions per minute (r.p.m.) 

Time Period m ' 
It is time taken by particle to complete one revolution . 

1 T=
n 

• Angle 0 = arc length = ~ 
radius r 

• Average angular velocity 

• Instantaneous anguJar velocity 

• For unifonn angular velOCity 

Angular displacement 

'0 --> Angular frequency 

68 
w = -;;;- (a scalar quantity) 

d8 
ro = ill (a vector quantity) 

2n 
ro = - =211'f or 2n:n 

T 

a = wt 

n or f = frequency 
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• Relation between co and v 
v 

00=
r 

• In vector form velocity V=WXT 

• A I - dii d (- - ) do; - - dr - - - - - -cceeration a=-=- oo x r =-xr+m X-=Qxr+ro x v=a +8c dt dt dt dt ' 

• Tangential acceleration: 
dv 

a, =- =QT 
dt 

[a, = component of a along ii=(a. 0)0 = (:)0 ] 
v' 

• Centripetal acceleration: ac = (t)V = - = (J)2r or ac = olr( -r) 
r 

• Magnitude of net acceleration : a = ~a~ + a~ = ( v
r
')' + (dv

dt
)' 

• Maximum speed of in circuJar motion. 

• 

• On unbanked road: v ~ = J~.Rg 

• On banked road : v _ = 1'. +tan9 )R9 .~tan(9+~)Rg 
1-~. tan9 

v..., = ~Rgtan(e-$); v..,:S v~:S v_ 

where. - angle of friction = tan-'ll.; e = angle of banking 

........ e: ...... 

Bending of cyclist : 
v' 

tan9=
rg 

N~--.-.---.- ~-.. 

. -.. ~) '() 
I 

mg 

~ 
~ 
t 
I 

I • ;; 

i 
L-__________________________ ~--------------------------~ . 
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• Circular motion In vertical plane 

A. Condition to complete vertical drcle u ~ ~5gR 

• If u = ~5gR then Tension at C is equal to 0 

and tension at A is equal to 6mg 

Velocity at B: VB = ~3gR 

Velocity at C: Vc =.jgR 

mv' 
From A to B : T = mgcos6+-

R 

mv' 
From B to C: T =---mgcos6 

R 

c 

R 

A 

Physic. HandBook 

c 
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B. Condition for pendulum motion (oscillating condition) 

u "J2gR (in between A to B) 

Velocity can be zero but T never be zero between A & B. 

mv' 
Because T is given by T = mg cos 8 + R 

C. Condition for leaving path J2gR < u < J5gR 

Particle crosses the point B but not complete the vertical circle. 

Tension will be zero in between B to C & the angle where T = 0 

8 .::u'-;:-...,2,!-g:.:R cos = 
3gR 

9 is from vertical line 

Note : After leavin~ the circle, the particle will follow a parabolic path. 

. KEYPOINTS 
~ 
? 

.. 
Average angular velocity is a scalar physical quanity whereas instantaneous i 
angular velocity is a vector physical quanity. S 

Small Angular displacement de is a vector quantity, but large angular . j 
displacement 8 is scalar quantity. c. , 

• i dO, + de, = de, + de, But 

~--------------------------~------------------~------~ ' 50 E 
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• Relative Angular Velocity 

Relative angular velocity of a particle 'A' w.r,t. other moving particle B is the 
angular velocity of the position vector of A W .T. t. B. 

A.····S, 
v, 

That means it is the rate at which position vector of 'A' w.r.t. B rotates at that 
instant 

(VA.), Relative velocity of A w.r.t. B perpendicular to line AB 
WAB=~= 

r AS seperation between A and B 
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• Centre of mass : For a system of particles centre of mass is that point at 
whlch its total mass is supposed to be concentrated. 

• Centre of mass of system of discrete particles 

y 

z 

Total mass of the body : M = m, + m, + ..... + m, then 

R
- mlr. + m2r2 + m3r3 + ,-, 1 ~ -

CM = - - L.m;f; 
mt + m2 + m3 + .. . M 

co-ordinates of centre of mass : 

• Centre of mass of continuous distnbutlnn of particles 

- 1 J RCM = M rom 

and z = .!. Jz dm 
~ M 

y 

>c~-------------+ x 
(O.O.O) 

x, y, z are the co-ordinate of the COM of the dm mass. 
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The centre of mass after removal of a part of a body 
Original mass (M) - mass of the removed part (m) 

- {original mass (M)) + I - mass of the removed part (m)! 

The formula changes to : 

Mx-mx' My - my' Mz- mz' 
xc.. ~ M-m ;y"" = M-m ; yO! = M-m-

CENTRE OF MASS OF SOME COMMON OBJECTS 

Uniform Ring Centre of ring 

Uniform Disc Centre of disc 

Uniform Roo Centre of n:xi 
eM 

Solid spherel Centre o f sphere 
hollow sphere 

Triangular plane ~ Point of intersection of the medians 
lamina ~ of the triangle i. e. centroid 

1·,1 , ,, 

Plane lamina in Point of intersection of diagonals 
the form of a 
square or rectangle 
or parallelogram 

Hollowl solid Middle point of the axis of cylinder 
cylinder 

~~ 

I , 

.. 
~ 

i 
! 
} 

I . • ( 

~ 
;; 
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Half ring 

Segement of a ring 

Half disc (plate) 

Sector of a disc (plate) 

H ollow hemisphere 

Solid hemisphere 

Hollow cone 

Solid cone 

I MOTION OF CENTRE OF MASS 

j 
:,; • t 

For a system of particles, 

velocity of centre of mass 

Similarly acceleration 

Physics HandBook 

2R 
Y.,n =--;-

Rsin9 
v =--
• • m a 

4R 
Yon, =)';" 

2Rsin9 
y,,, = -)-e-

" ~----------------------------------~ E 55 
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• Law of conservation of linear momentum I 
Unear momentum 01 a system 01 particles is equal to the product 01 mass 01 the 
system with velocity 01 its centre 01 mass. 

From Newton's second law FIX!. 

\I F ~ •. = 5 then M\i CM = constant 

If no external force acts on a system the velocity of its centre of mass remains 
constant, i.e .• velocity of centre of mass is unaffected by internal forces. 

• ImpuJse-Momentum theorem 
Impulse 01 a lorce is equal to the change 01 momentum 

force time graph area gives change in momentum. 

Collision of bodies 

" fFdt = ~ii 
'. 

The event or the process, in which two bodies either coming in contact 
with each other or due to mutual interaction at distance apart, affect each 
others motion (velocity, momentum, energy or direction of motion) is defined 
as a collision. 

InroDision 

• The particles come closer before collision and after collision they either 
stick together or move away from each other. 

• The particles need not come in contact with each other for a collision. 

• The law 01 conservation 01 linear momentum is necessarily applicable in a 
collision, whereas the law of conservation of mechanical energy is not. 

I\PISOI (OIII~IO~ 
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• Coefficient of restitution (Newton's law) 

e = velocity of separation along line of impact v, - v, 
velocity of approach along line of impact u, - u, 

Value of e is 1 for elastic collision, 0 for perfectly inelastic collision and 
o < e < 1 for inelastic collision. ' 

• Head. on collision 

····· ···,rlll,···i···~II,IJI~·~~!·--! . . :1 , .. ~ \" .. . 
InJ Ill:? rn l m" 
Before collision Collision After collision 

Head on 1ne1astlc colHsion of two particles 
Let the coefficient of restitution for collision is e 
(i) Momentum is conserved m Ill! + mZu2 = mJv, + m2v2 ..• (i} 
(ii) Kinetic energy is not conserved. 

liii) According to Newton's law e= v,-v, ".Iii) 
ul -u2 

By solving eq. Ii) and Iii) , 

- (m, - em, J [(1 + e) m, J _ "m..!'c.u.!.,_+_m_,!Cu,-,--_m-<,e.::.o..( u",_--"u,'-1.) v}- lll+ u2 --
m,+~ ~+~ m,+~ 

ElastIc ColHsion (e-l) 

• If the two bodies are of equal masses: m, = m2 = m, v I = u2 and vl = u1 

Thus, if two bodies of equal masses unde rgo elastic collision in one dimension, 
then after the collision, the bodies will exchange their velocities. 

• If the mass of a body is negligible as compared to other. 

• 

If ml » m2 and u2 = 0 then V I = ul ' v2 = 2u 1 when a heavy body A collides 
against a light body B at rest, the body A should keep on moving with same 
velocity and the body B will move with velocity double that of A. If m,» m, 
and Uz = 0 then Vz == 0, VI :I:: - ul 

When light body A collides against a heavy body B at rest, the body A should 
start moving with same velocity just in opposite direction while the body B 
should practically remains at rest. 

Loss in kinetic energy In ineIastic collision 

.1K = m,m, (1 - e' ) lu, - u, )' 
21m, + m, ) 
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Conserving the momentum of system in directions along normal (x axis in our 
case) and tangential (y axis in our case) 

m1ujcosu, + m2ulcosClz = mlvlcos~l + m2v2cosPz and 
rn2L1 2sinaz - m jll jsina \ = mlvl sinP2 - m1vjsinP t 

-f~~m~' ~Q_, ~~~m~,~_u_' ______ ~~~~~J_Y_~~, ~_V_' ___ , x 

u, ~ 
Before AhH 

collision eolli~on 

Since no force is acting on m
t 

and. ffi l along the tangent (Le. y-axis) the 
individual momentum of m I and mz remains conselVed. 

mtu,sina \ -= m1vIsinP1 & m211zsinaz = m2v1sinPz 
By using Newton's experimental law along the line of impact 

e -
v2 cOSJ}Z-v1COSPt 

ut cosa l - Uz casaz 
u v 

Rocket propulsion : 

Thrust force on the rocket"'" v r ( - dd7 ) 

Velocity of rocket at any instant 

v=u-gt+v,ln (:0) 

At t-O 
V=U 

m=mu 

exhaust velocity =v, 

At t- t 
mxm 
V=V 

KEY POINTS 

• 

• 

• 

• 

Sum of mass moments about centre of mass is zero. Le. Lmi~/cm = 0 
A quick collision between two bodies is more violent then s10w collision, 
even when initial and final velocities are equal because the rate of change 
of momentum determines that the impulsive force small or large . 

Heavy water is used as moderator in nuclear reactors as energy transfer 
is maximum if m\.:::: m2 

Impulse momentum theorem is equivalent to Newton's second law of 
motion. 

For a system, conservation of linear momentum is equivalent to Newton's 
third law of motion. 

t 
~ 
~ 

I 

J 
" " i 

L-__________________________ ~--------------------------~ . 
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de • Angular velocity 00=-
dt 

do; d'S 
• Angular acceleration a.=-~-

dt dt' 

• Angular momentum e ~ r x p~lro 

• Torque - - F de t=r x = -
dt 

1 L' • Rotational Kinetic energy K ~ - Iro' ~-
2 21 

• Rotational Power 

• For constant angular acceleration 

. 1 a 
ro ~ ro o +at, 8-root + '2 "t', ""~"'o'+ 2a8, 8"="'0+'2(2n - 1) 

• Moment of Inertia 

" A tensor but for fixed axis it is a scalar 

o For continuous distribution of mass I = f dl = f dmr' 

• RadIus of gyration k ~ JJ; 
• Theorems regarding moment of Inertia 

o Theorem of parallel axes I ... - I~ + mel' 

where d is the perpendicular distance between parallel axes. 

o llleorem of perpendicular axes I, - I, + I, 

, 
I • • I ~ ______________ ~ ______________ ~N 
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• Rod 

: 1 = MI' 
MI' 

0 1- -

M 
Y 12 ~ 3 

i 

( ! ( , i( R 

• RectanguJar Lamina 

~I =MR' 

• 
M 

Ring: C t Ry • Disc: 

j (Geometrical axis) 

• Circular HoUow Disk : ~~~~~~~ 

'-P 1- MR' 

M , 

:' 

• RJ \L. ==t::::=;\ 
+--( i ' 

r 
( 

HoUow cylinder 1 .......... . 
~ 
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• Solid cylinder 

MR' '-i' '-2 

1 
( 

1 .. : .. :· ..... 

fI' R') '-iJ' I ~M\12+4 

[1]' I i 
I • 

R! • ! \ ! . " 
~q ---+ 

• Solid & Hollow sphere 

• Rolling motion 

IJ 1. Mv' + 1., .,,' Total kinetic energy ~ 2 eM 2 'm~ 

o Total angular momentum = MVCMR + Icmm 

• Pure rolling (or rolling without slipping) on stationary surface 

[] Condition :vcm = Rro 

In accelerated motion a,m = Ra 

o If vern> Reo then rolling with forward slipping, 

IJ If v ~ < Roo then rolling with backward slipping 

IJ Total kinetic energy in pure rolling 

i 
; 
~ 

i 
j 
~ 

" • ! 
~--------~------~672------------------~E 
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• Pure rolling motion on an Inclined plane 

• 

o 
. gsin9 

Accelerahon a ~ 1 + k' / R' 

[] . Minimum frictional coefficient 1..1 i1 = ta~ 9 
2 

m l+R / k 

Torque t~Ja~Jdffi ~ d(Iffi) ~ dLordJ 
dt dt dt dt 

• Change In angular momentum 6L ~ t6t 

• Work done by 8 torque W = ft . dS 

KEY POINTS 

• 

• 

• 

• 

~ . 
( I . 

i : 
;0 • 1 • 

A ladder is more apt to slip, when you are high up on It than when you 
just begin to climb because at the high up on a ladder the torque is large 
and on climbing up the torque is small. 

When a sphere is rolls on a horizontal table, it slows down and eventually 
stops because when the sphere rolls on the table, both the sphere and the 
surface deform near the contact. As a resuk the normal force does not pass 
through the centre and provide an angular deceleration. 
The spokes near the top of a rolling bicycle wheel are more blurred than 
those near the bottom of the wheel because the spokes near the top of 
wheel are moving faster than those near the bottom of the wheel. 
Instantaneous angular velocity is a vector quantity because infinitesimal angular 
displacement is a vector. 
The relative angular velocity between any two points of a rigid body Is zero 
at any instant . 
All particles of a rigid body, which do not lie on an axis of rotation move 
on circular paths with centres at an axis of rotation. 

Instantaneous axis of rotation is stationary w.r.t. ground. 
Many greater rivers flow toward the equator. The sediment that they carry 
increases the time of rotation of the earth about its own axis because the 
angular momentum of the earth about Its rotation axis is conserved. 
The hard boiled-egg and raw egg can be distinguished on the basis of spinning 
of both . • L-____________________________ --~ 
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• Newton's law of gravitation m
1 

III r • m2 

F Gmlrn2 
Force of attraction between two point masses = --,

r 

Directed along the line joining of point masses . 

• It is a conservative force fjeld ~ mechanical energy is conserved . 

• It is a central force field => angular momentum is conserved. 

• Gravitational field due to spherical sheD 

GM o Outside the shell E = -,- , where r > R , r 

GM 
On the surface E, - R' where r=R 

E 

r-R 
~-~~~~~ ... r 

.... I .. ~ ... ~ ..... V 
Inside the shell E, - 0, where r<R 
[Note : Direction always towards the centre of the sphere] 

• Gravltatlana1 field due to solid sphen! E 

GM 
Outside the sphere E - - ,- , where r > R , r 

GM 
On the surface Eg & R2 ' where r-R 

GMr 
Inside the sphere E, - R" where r< R 

" . Acceleration due to gravitv g _ G~ 
R " j 

i 

J • • i 

GM 
o At height h ' g, - (R+h)' If h« R; g, "'9.(1-~) 

GM(R-d) ( d) 
At depth d g,- R' -g. I-Ii: 

o Effect of rotation on g : g' - g--<o'Rcos'l. where l. is angle of latitude . 

• L-__________________________ ~---------------------------' 
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• Gravitational potential 

GM 
Due to a point mass at a dista~ce V - -

r 

• Gravitational potential due to spherical shell 
GM 

o Outside the shell V - - -. r>R 
r 

Inside/on the surface the shell 
GM 

0 V = -- rS R R • 
V 

0 
R 

_ GM 
R 

• Potential due to so Id sphere 

Outside the sphere 
GM 

0 V--- r>R r • 

[] On the surface V-- GM R R , r -

0 Inside the sphere V--
GM(3R' - r') 

I r < R 
2R' 

V 

R 
0 r 

~ 
_GM --- r-R 

_3GM '--
2R 

GM 
• Potential on the __ of a V-- JR' +x' thin ring at a dlstanm x 

• &cape veIodIy from a pIanot of v - l~M 
_M and radius R • 

• Orbital velocity of satellite ~~ v. - -r-= (R+h) 
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o For nearby satellite 

PhysIcs HandBook 

JGM _ v, 
R -"12 

Here V. = escape velocity on earth surface. 

21(T 2nr3 / 2 

Time period ofsatellite T - ~ = JGM 

Energies of a satellite 

Potential energy 
GMm 

0 u=---
r 

Kinetic energy 
1 , GMm 

0 K =-mv =--
2 2r 

0 Mechanical energy E = U 
GMm 

+ K =---
2r 

0 Binding energy BE=- E = 
GMm 

2r 
Kepler's laws 
o I" Law of orbitals 

Path of a planet is elliptical with the sun at a focus. 

dA L 
o II'" Law of areas Areal velocity dt = constant - 2m 

o III" - Law of periods T' oc a' or T' oc (r .. , ; rmil )' oc (mean radiUS)' 

For circular orblts 1"2 oc R 3 

KEY POINTS 
• 
• 

• 

• 

• 

• 

• 

At the centre of earth, a body has centre of mass, but no centre of gravity. 
The centre of mass and centre of gravity of a body coincide if gravitation 
field Is uniform. 
You does not experience gravitational force in daily life due to objects of 
same size as value of G is very small. 
Moon travellers lie heavy weight at their back before landing on Moon due 
to smaller value of g at Moon. 
Space rockets are usually launched in equatorial line from West to East because 
9 is minimum at equator and earth rotates from West to East about its axis. 
Angular momentum in gravitational field is conseIVed because gravitational 
force is a central force. 
Kepler's second law or constancy of areal velocity is a corlsequence of 
conselVation of angular momentum. 
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~, !I:"I'i\'i": !l\l~ilMI!lr,lifJI!,!t, liI;li!;!I"~!ljl~ ,j~"';":j ~!~!!! k. 
~ I Properties of Maher 'ani! FlullI 'Mechanics· 

(A) ElASTICITY 

Internal restoring force _ FRo. 
STRESS - Area of cross - section - A . 
There are three types of stress :. 

• longitudinal Stress 

1 . 
i . 
• ;; . 
i 

.,~ 
(a) Tensile Stress: + .. _- •. ..... _..L .. _ ... ...AL. F .... _. ~.:.~~ tensile stress 

(h) Compressive Stress : 

Volume Stress 1@. -~; ~::' l ! i: >~ : 

L===:: • 

Tangential Stress or Shear Stress 

Change in size of the body 
Strain = Original size of the body 

tensile stress 

change in length of the body ~L 
longitudinal strain - initial length 01 the body = L 

change in volume of the body ~ V 
Valmne strain- ,. I I 1 h bod = -V angina vo ume 0 t e y 

NL-__________________________________ ~ 
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• Shear strain : tan ~ = 
c C displacement of upper face 
i: or += i: = distance between two faces 

• Relation between angIe of twist (9) & angIe of shear (+) 

• 

• 

AA' = r 9 and Arc AA'=l~ 

re 
So r9 - l+ ~ + = -

C 

where 9 = angle of twist, 

• - angle of shear 

Stress - Strain Graph 

Breaking .•••••••• 
strength Elastic 

EL!r.stic. 
Umit 

o 

RegIon 

Hxed B 

'-, 

............ , B 

y 

Plastic Region 

Slr",]n-

Hooke's Law within elastic limit IStress <X str.inl 

Young's mOdulus of elasticity 
y = Longitudinal stress = ..££.. 

Longitudinal strain A M 

c 

• " 
~ 
J 
j 
~ 
;; 

I L-______________________________ ~ ~ 
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• If L is the length of wire, r is radius and l is the increase in length of the wire 
by suspending a weight Mg at its one end then Young's modulus of elastidty 

• 

• 

of the material of wire Y = (Mg Inr') _ MgL 
(i lL) nr'( 

Increment In length due to own weight I!.C = MgL = pgL' 
2AY 2Y 

Bulk modulus of elasticity K = Volume stress 
Volume strain 

F/A P 

(-~V) = (-~V) 

• Bulk modulu. of an Ideal gas Is process dependence. 

• For isothennal process PV = constant 

-dP 
=> PdV + VdP • 0 => p= dV I V So bulk modulus = P 

• For adiabatic process PV' = constant => yPV,-ldV + V' dP = 0 

• 

-dP 
=> yPdV + VdP = 0 => yP = dV I V ; So bulk modulus = yP 

For any polytropic process pV"= constant 

-dP 
=> nPV"-ldV + V"dP = 0 => PdV + VdP = 0 => nP = dV I V 

So bulk modulus - nP 

i . Compresslbilltv C = 1 
Bulk modulus 

1 
K 

(F ... go"", ) I A 

$ 
" ;; . 
i 

snearing stress 
Modulus of rlgld1tv ~ - .:;::===:= 

- shearing strain . ~------------------------~--------------------------" E 71 
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• Poisson's ratio (al lateral strain 

longitudinal straln 

• Work done In stretching wire 

1· 
W - 2 x stress x strain x volume : 

1Flll 1 
Wa - x - x - x A x l - - F x I!.l 

2 A l 2 

• Rod Is rigidly ftxed between walls 

Thermal Strain = <lAO 

• Thermal stress - Y <lAO 

• Thermal tension = YaAJ!.O 

• Effect of Temperature on elasticity 

• 

When temperature is increased then due to weakness of inter molecular force 

the elastic properties in general decreases i.e. elastic constant decreases. 

Plasticity increases with temperature. For example, at ordinary room 

temperature, carbon is elastic but at high temperature, carbon becomes plastic. 

Lead is not much elastic at room temperature but when cooled in liquid nitrogen 

exhibit highly elastic behaviour. 

For a special kind of steel, elastic constants do not vary appreciably temperature. ~ 
t 
i This steel is called 1NVAR steel'. 

Effect of Impurity on elasticity 

i
t 

Y is slightly increase by impUrity. The inter molecular attraction force inside , 
• 

wire effectively increase by impurity due to this external force can be easily ; 

opposed. L-__ ~~ ____________________ ~ __________________________ ~ ' 
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• 

mass Density =-
volume 

(B) HYDROSTATICS 

weight 
Specific weight = -- - pg 

volwne 

R Ia I d I 
__ d_ens_lty,,-o_f .:9_ive_n_liqu'-id----,-e tve ensty= 
density of pure water at 4°C 

HandBook 

Density of a Mixture of substance In the proportion of mass 

the density of the mixture is 

• Density of a mixture of substance In the proportion of volume 

• Pressure = nanna] force 
area 

• Variation of pressure with depth 

• 
01 

Pressure is same at two pOints in the same horizontal level PI = P 2 

The difference of pressure between two points separated by a depth h 

(P,-P,) - hpg 

Pressure In case of accelerating fluid 

Uquid placed In elevator: When elevator accelerates upward with acceleration 
" then pressure In the fluid, at depth h may be given by, P=hp[9+a,[ 
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(II) Free surface of liquid in case of horizontal ac:c:eleration : 

tanS = mao =~ 
mg g 

If P, and P, are pressures at point 1 & 2 then 

P,-P, - pg (h,- h,) = pgetan6 = peao 

(Iii) Free surface of liquid in case of rotating cylinder '" 
A . ...!"_._ B 

• Pascal's Law 

• The pressure in a fluid at rest is same at all the points if gravity is ignored. 

• A liquid exerts equal pressures in all directions. 

• If the pressure in an enclosed fluid is changed at a particular point. the 
change is transmitted to every point of the fluid and to the walis of the 
container without being diminished in magn~ude. [for ideal fluids/ 

• Types of Pressure : Pressure is of three types 

• 

(i) Atmospheric pressure (P J 
(iii) Absolute pressure (P ••• J 

(ii) Gauge pressure (P ...,) 

Atmospheric pressure : Force exerted by air column on unit crc>ss--sec:tic.c1 
area of sea level called atmospheric pressure (P ) 

F 
P, - A = 101.3 kN/m' 

:. P, = 1.013 X 10' N/ m' 
sea 

level 

Barometer is used to measure atmospheric pressure. 

Which was discovered by Torrlcelli. 

....... _ .... . 
.. _-- .. -_ .. .. 

air 
column 

up to top of 
atmosphere 

/ 

~ 

I 
f Atmospheric pressure varies from place to place and at a particular place from " 
ii , time to time. 

L-____________________________ ---------------------------J" 
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Gauge Pressure 

Excess Pressure ( P- P...) measured with the help of pressure measuring Instru 
ment called Gauge pressure. P go ... & hpg Dr p ..... a: h 

Gauge pressure Is always measured with help of "manometer" 

Absolute Pressure : 

Sum of atmospheric and Gauge pressure Is called absolute pressure. 

The pressure which we measure In our automobile tyres Is gauge pressure. 

Buoyant force - Weight of displaced fluid - Vog 

Apparent weight - Weight - Upthrust 

Rotatory - Equilibrium In floatation: for rotational equilibrium of floating 

body the meta-centre must always be higher than the centre of gravity of 

the body. 

Relative density of body _ c:Den=si::.;;ty:<...::o;.-f bodv=:<.. 
Density of water 

.~------------~=---------------~ E 75 
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(C) HYDRODYNAMICS 

• Steady and Unsteady Flow : Steady flow Is defined as that type of flow in 

which the fluid characteristics like velocity, pressure and density at a point do 

not change with .time. 

• StreamUne Flow : In steady flow aD the particles passing through a given point 

follow the same path and hence a unique line of flow. This line or path Is caDed 

a streamline. 

• LamInar and Turbulent Flow: Laminar flow Is the flow In whlch the fluid 

particles move along well-defined streamlines which are straight and parallel. 

• Compiesslble and IncompJasIbIe Flow : In compressible flow the density of 

fluid varies from point to point i.e. the density Is not constant for the fluid 

whereas in incompressible flow the density of the fluid remains constant 

throughout. 

• Rotational and Irrotatlonal Flow : Rotational flow Is the flow In whlch the 

fluid particles while flowing along path-lir.es also rotate about their own axis. 

In irrotationai flow particles do not roI2Ite about their axis. 

• Equation of continuity Al VI • A,v, Based on conservation of mass 

• BemouIII's theorem : Ip + ~pv2 + pgh . constant I 
Based on energy conservation 

h, 
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• Kinetic Energy 

kinetic energy per unit volume 

• Potential Energy 

Potential energy per unit volume 

• Pressure Energy 

Physics HandBook 

Kinetic Energy 1 m 2 1 2 =-- v =-pv 
volume 2 V 2 

Potential Energy = m gh = pgh 
volume V 

Pressure energy 
Pressure energy per unit volume = volume - P 

• For horizontal flow In venturlmeter 

• Rate of flow : 

Volume of water flowing per second Q = A,v, = A,A,J A;~A2 
, 2 

• Velocity of efflux v = J2gh 

• Horizontal range R = 2 ,Jh(H - h) 
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(0) SURFACE TENSION 

Surface tension is basica\Jy a property of liquid. The liquid surface behaves like a 

stretched elastic membrane which has a natural tendency to contract and tends to 

have a minimum surface area. This property of liquid is called surface tension . 

. Intermolecular forces 

(a) Cohesive force 

The force acting between the molecules of one type of molecules of same 

substance is ca\Jed cohesive force. 

(b) Adhesive force 

The force acting between different types of molecules or molecules of different 

substance Is ca\Jed adhesive force . 

r:J Intermolecular forces are different from the gravitational forces and do not 

obey the Inverse-square law 

r:J The distance upto which these forces effective, is ca\Jed.molecuiar range. 

This distance is nearly 10" m. Within this limit this Increases very rapidly 

as the distance decreases. 

r:J Molecular range depends on the nature of the substance 

Properties of surface tension 

• Surface tension Is a scalar quantity. 

• It acts tangential to liquid surface. 

• Surface tension is always produced due to cohesive force. 

• More is the cohesive force, more is the surface tension. 

• When surface area of liquid is Increased, molecules from the interior of the ~ 

liquid rise to the surface. For this, work.!. done agalnsi the downward cohestve 

force. 

Dependency of Surface Tension 

• On Cohesive Force: lbose factors which Increase the cohesive force between I 
~ molecules Increase the surface tension and those which decrease the cohesive i 

force between molecules decrease the surface tension. I 
L-____________________ ~~--------------------~. 
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• On Impurities : If the impurity is completely soluble then on mixing it in the 

liquid, its surface tension increases. e.g., on dissolving ionic salts in small quantities 

in a liquid, its surface tension increases. If the impurity is partially soluble in a 

liquid then its surface tension decreases because adhesive force between insoluble 

impurity molecules and liquid molecules decreases cohesive force effectively, 

e .g . 

. (a) On mixing detergent in water its surface tension decreases. 

(b) Surface tension of water is more than (alcohol + water) mixture. 

• On Temperature 

On increasing temperature surface tension decreases. At critical temperature 

and ooiling point it becomes zero. 

Note : Surface tension of water is maximum at 4 OC 

• On Contamination 

The dust particles or lubricating materials on the liquid surface decreases its 

surface tension. 

• On ElectrIficatIon 

The surface tension of a liquid decreases due to electrification because a force 

starts acting due to it in the outward direction normal to the free surface of liquid. 

DeflnHion of surface tension 

• 

The force acting per unit length of an imaginary line drawn on the free liquid 

surface at right angles to the line and in the plane of liquid surface, is defined 

as surface tension. 

o For floating needle 2T I sinS = mg 

Required excess force for lift 

o Wire F" = 2Tt o Hollow disc F Q = 2nT (r, + r,) 

o For ring F ex = 4rcrT o Circular disc F ex - 27t'rT 

o Square frame F Q = BaT o Square plate F" = 4a T 
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• Work = surface energy - T IIA 

rl Uquid drop W = 4nr'T 

rl Soap bubble W = 8nr'T 

• Splitting of bigger drop Into smaller droples R _ n 1/3 r 

• 

Work done- Change in surface energy = 41tR'T(~-k) = 41tR'T (n ' 13-1) 

Excess pressure 

In liquid drop 

P = P - P a • ~ 

P = 2T 
a R 

4T 
rl In soap bubble P a = If 

ANGLE OF CONTACT (9c) 

The angle enclosed between the tangent plane at the liquid surface and the 

tangent plane at the solid surface at the point of contact inside the liquid is 

defined as the angle of contact. 

The angle of contact depends the nature of the solid and liquid in contact. 

• Angle of contact 9 < 90· => concave shape, Uquid rise up 

Angle of contact 9 > 90· => convex shape, Uquid falls 

Angle of contact 9 = 90· => plane shape, Uquid neither rise nor falls 

• Effect of Temperature on angle of contact 

On increasing temperature surface tension decreases, thus cosO( increases 

[.: cos9, <£ t] and 9, decrease. So on increasing temperature, 9, decreases. ~ 
t • Effect of impurities on angle of rontact 

(a) 

(b) 

Solute impurities increase surface tension, so cosS c decreases and angle 

of contact e (: increases. 

Partially solute Impurities decrease surface tension, so angle of contact 

e c decreases. 

~------------------~80~------------------~ 
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• Effect of Water Proofing Agent 

Angle of contact increases due to water proofing agent. It gets converted acute 
to obtuse angle. 

• Capillary rise h = 2T cos 9 
rpg 

1 
• Zurin's law h a: -

r 

• Jeager's method T = r: (Hp - hd) 

• The height 'h' is measured from the bottom of the meniscus. However, 

there exist some liquid above this line also. If correction of this is applied 

then the formula will be 

• When two soap bubbles are in contact then 

radius of curvature of the common SUlface 

• When two soap bubbles are combining to 

form a new bubble then radius of new bWbIe 

• Force required to separate two plates 

81 
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• 

IE) VISCOSITY 

Newton's law of viscosity 

·51 UNITS: 
Nxs 
-2- or deca poise 
m 

• CGS UNITS : dyne-./cm' or poise (1 decapoise - 10 poise) 

• Dependency of viscosity of Hulda 
On Temperature of Fluid 

• 

• 

• 

• 

(a) Since cohesive forces decrease with increase in temperature as increase in 

K.E .. Therefore with the rise in temperature, the viscosity of Iiqulds de

creases. 
(b) The viscosity of gases is the resuk 01 diffusion of gas molecules from one 

moving layer to other moving layer. Now with increase in temperature, the 

rate of diffusion increases. So, the Viscosity also increases. Thus, the viscosity 

of gases increases with the rise of temperature. 

On Pressure of Fluid 

(a) The viscosity of liquids increases with the increase of pressure. 

(b) The viscosity of gases is practically independent of pressure. 

On Nature of Fluid 

PolseulUel'a formula 
iN Itpr4 

Q - -=-
dt S"L 

Viscous force F, ~ 67tT]fV 

, 2 r'(p-o)g 
Terminal velocity vT - 9 =>vToc r 

~ 

Reynolds number R. 
pvd 

~ 

R. < 1000 laminar flow, R. > 2000 turbulent flow 
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TEMPERATIJRE SCAllS AND TIIERMAL EXPANSION 

• 

Celsius Fahrenheit Kelvin New 

B.P. 100 212 373.15 , UFP 

c F K x 

M.P. 0 32 273.15 LFF 

C-o F -32 X-LFP K-273.15 
==~~~-=-= 100 - 0 212 - 32 373.15-273.15 UFP- LFP 

AC AF AK L0{ =>--=--= 
100 180 100 UFP - LFP 

Old thermometry 

e- o X - Xo 
-10-0---0 = X 100 _ Xo !two fixed pOints - ice & steam points! 

where X is thermometric property Le. length, resistance etc. 

>. 

~ 
~ 

~ 
J 

I T-O X • 
Modem thennometry 273.16 - 0 X. • • 

~ !Only one reference point - triple point of water is chosen! • 
~~~--------~--~~84~----------~------~ E 
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THERMAL EXPANSION 
It is due to asymmetry in potential energy curve. 

u 

\ To 

In solids -> Linear expansion e ~ 10 (l+aLlD 

.~,====~;I=o+=LI~(:;( ::==::j T +Ll.TL 
After heating 

~'====~~C~O~======:j1 Tl. 1 ~ 
Before heating 

In solids -> Areal expansion A~ Ao (l+Pt.D 

T+t.T 
T 

[}c$ A ( 

Co 
( 

In solids, liquids and gases -> volume expansion V~Vo(l+yIlD 

IFor isotropic solids , a , P , y ~ 1 , 2 , 31 
Thermal expansion of an isotropic object may be imagined as a photographic 
enlargement. 
For anisotropic materials P

XY 
= u

L 
+ o'y and y ax + a " + u , 

T, 

If a is variable M~ f CoadT 
T, 

" L-______________________________________________________ ~ 
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Application of Thermal expansion In solids 
1 Bi-metallic strlp(used as /hennoslat or auto-cut in electric healing circuits} 

I. Simple pendulum: T = 2n II => T '" (112 => 6.T =.!. M 
~g T 2 e 

6T 1 
Fractional change in time period ~ T = Za69 

.. Scale reading : Due to linear expansion / contraction, scale reading will 
be lesser I more than actual value. 
If temperature t then actual value - scale reading (1+a69) 

IV, Thermal Stress 

Cooling IT ensile Stress) 

M 
Thermal strain _ -- = a69 

C 

Heating ICompressive Stress) 

As Young's modulus Y = F I A ; So thermal stress = YAM9 
Ml c 

Thennal expansion in liquids (Only volume expansion) 

Apparent Increase In volume 
Y. = Initial volume x Temperature rise 

reallncrese In volume Y = _...c..::.:=..=.:.:c..:=..;"'-'.:..=:.:.:..._ 
r Inttlal volume x temperature rise 

Y, = "f. + Y..-.. 

t 
~ 

~ 
} 

I 
:;; 
;; 

Change in volume of liquid w.r.t. vessel 6V = V. (y, -3a)6T , 

~--------------------------~--------------------------~ . 86 E 
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Expansion in enclosed volume 

Initially Finally 

10--+ vessel; y,--+ liquid] 

Increase in height of liquid level in tube when bulb was initially completely 
filled. 

h = apparent change in volume of liquid 
area of tube 

Anomalous expansion of water : 

VO(YL -3(l)~T 
Ao(l +20)~T 

In the range QOC to 4 "C water contract on heating and expands on cooling. 

At 4°C -+ density is maximum. 
Aquatic life is able to survive in very cold countries as the lake bcttom remains 
unfrozen at the temperature around 4°C. 

Thennal expansion of gases : 

Coefficient of volume expansion 

~V ~T 
IPV = nRT at constant pressure Va: T => Ii = T ] 

• Coefficient of pressure expansion 

; KEY POINTS: 
~ • Uquids usually expand more than solids because the intermolecular forces 
o in liquids are weaker than in solids. 

J • Rubber contract on heating because in rubber as temperature increases, the 

;

-_ amplitude of transverse vibrations increases more than the amplitude of 
longitudinal vibrations. 

Water expands both when heated or cooled from 4"C because volume of 
:;; water at 4°C is minimum . • i . In cold countries, water pipes sometimes burst, because water expands on 
" freezing. 
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CALORIMETRY 

11 cal = 4.186 J ; 4.2 JI 

Q 
Thennal capacity of a body = f!. T 

Amount of heat required to raise the temp. of a given body by 1"C (or 1K). 

Q 
Specific heat capacity = mf!. T (m = mass) 

Amount of heat required to raise the temperature of unit mass of a body 
through 1 'C (or lK) 

Q 
Molar heat capacity= nf!. T (n=number of males) 

Water equivalent: If thennal capacity of a body is expressed in terms af 
mass of water, it is called water equivalent . Water equivalent of a body is 
the mass of water which when given same amount of heat as to the body, 
changes the temperature of water through same range as that of the body. 

Therefore water equivalent of a body is the quantity of water, whose heat 

capacity is the same as the heat capacity of the body. 

Water equivalent of the body, 

( 
specific heat of body ) 

W - mass af body x specific heat of water 

Unit of water equivalent is 9 or kg. 

Latent Heat (Hidden heat) : The amount of heat that has to supplied ta 
(or removed from) a body for its camplete change af state (from solid to ; 
liquid, liquid to gas etc) is called latent heat of the body. Remember that ~ 

phase transfonnation is an isothermal (Le. temperature = constant) change. ! 
PrInciple of calorimetry : Heat lost = heat gained l 
For temperature change Q = ms.6. T. For phase change Q ,. mL 

Heating curve : If to a given mass (m) of a solid, heat is supplied at constant 
rate (Q) and a graph is plotted between temperature and lime, the graph 
is called heating curve. 

I 
" • I ~ ________________ ~ ________________ ~N 
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Temperature 
E 

BP. C D . .................................. r--,--"( 
boiling 

M.P. A B 
! melting: 

1 ! . . 
i i Ii~ 

0"-----'--....... ---'---"-------+ 
tl t2 t ~ ~ 

J Specific heat (or thermal capacity) oc -,---";--
slope of curve 

Latent heat a: length of horizontal line. 

KEY POINTS 

Specific heat of a body may be greater than its thermal capacity as mass 
of the body may be less than unity. 

• The steam at lOOoe causes more severe burn to human body than the water 
at l OQoe because steam has greater internal energy than water due to latent 
heat of vaporization, 

• Heat is energy in transit which is transferred from hot body to cold body. 

• One calorie is the amount of heat required to raise the temperature of one 
gram of water through J"e (more precisely from 14.5 "C to lS.S"C). 

• Clausins & clapeyron equation (effect of pressure on boiling point of liquids 

dP L 
& melting pOint of solids related with latent heat) dT = T(V, _ V,) 

C<J,ndluclion Convection 

In conduction, heat is transferred from .one point to another without the 
actual motion of heated particles. 

In the process of convection, the heated particles of matter actually move . 

In radiation, intervening medium is not affected and heat is transferred without 
any material medium. 

~------------------~879------------------~ 

SBG STUDY



Physics HandBook 

1 

Heat Transfer due to 
Temperature difference 

Heat transfer in sohd body 
(In mercwy also) 

Irregular path 

THERMAL CONDUCTION 

( 

--+.!!Q. 
dt 

Heat transfer due to 
density difference 

Heat transfer In fluids 
(Liquid + gas) 

AU 

!.!mll~ ~!lmmn r'ill~.rl'i!i~·~;;mmll 

Imgu\ar path Straight line 
(like Iighij 

lliCIPICIl ••• 1111111 
RH 

A~B 
T, .!!Q. T, 

dt 

Rate of heat flow dQ=_KA dT Q 
dt dx or 

KA(T, - T,) 
{ 

I 
ThennaJ resistance RH = KA 

Rods in series 

A LI---,K":"_.L-_K.,;.2.....J 
(, ( , 

K =~ 
" 1:1/ K 

Growth of Ice on Ponds 

Rods in pArallel 

I--....,..,.~'----II:: 
K = l:KA 

... l:A 

Time taken by ice to grow a thickness from Xl to X2 

-SOC 

t = pL (x' -x') 
2K9 ' , 

IK = thennal ~~~~~ of icel 
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RADIATION 
Spectral, emissIYe, absorptive and transmIttIve power of a gillen body suriace 
: Due to incident radiations on the surface of a body following phenomena 
occur by which the radialion is divided into three parts, 
(a) Reflection (b) Absorption (c) Transmission 

amount of indden 
radiation 

! " lImount of _ .... ··~·-·-·----------·----\--abSorlie(f--
•••••••••• '.pdialion 

From energy conservation 

amount of reflected 
radiation Q, 

Q 
• Reflective Coefficient : r • Q • Absorptive Coefficient : a = ~ 

Q 
• Transmittive Coefficient: t = Q 
r ~ 1 and a - 0 , t = 0 => Perfect reflector 
a · ' 1 and r - 0, t = 0 => Ideal absorber (ideal black body) 
t ~ 1 and a = 0, r = 0 => Perfect transmitter (daithennanons) 

Reflection power (r) = [~ x 100] % 

Absorpllon power (a) = [~ x 100] % 

Transmission power (t) = [~' x 100] % 

Stefan's Boltzmann law : 
Radiated energy emitted by a perfect black body per unit area/sec E= aT' 
For a general body E=ae,T' [where 0 ~ e, ~ IJ 

Prevost's theory of heat exchange : A body is simultaneously emilling radiations 
to its surrounding and absorbing radiations from the surroundings. 
If surrounding has temperature To then E~, . e,arr'-To') 
KJrchhoff's law: The ratio of emissive power to absorptive power is same 
for all surfaces at the same temperature and is equal to the emissive pO\..VeT . L-__________________________________ ~ 
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of a perfectly black body at that temperature. 

e E E e 
- = - =- ;::) - = E::) e oc a 
a A 1 a 

Therefore a good absorber is a good emitter. 

Perfectly Black Body : A body which absorbs all the radiations incident on 
it is called a perfectly black body. 

AbsorptIve Power (a) : Absorptive power of a surface is defined as the ratio 
of the radiant energy absorbed by it in a given time to the total radiant energy 
incident on it in the same time. 
For ideal black body, absorptive power =1 

EmIssIve power(e): For a given surface it is defined as the radiant energy 
emitted per second pei unit area of the surface. 

o 
0, 

Newton's law of cooling: 
If temperature difference is small 

dO 
Rate of cooling dt '" (0 - 00 ) 

9" .-•.. -------......... --.......... . 

=> 0 = 00 +(0, .- Oo)e-" 

Iwhere k - constantl 
when a body cools from 01 to 0, In time'\, In a surrounding of temperatur 

01 -0. k[OI+O' 0] 0, then -t- = -2- - 0 Iwhere k- constantl 

Wlen's DIsplacement Law : Product of the wavelength Am of most intense 
radiation emitted by a black body and absolute temperature of the black body 
is a constant A. T =b = 2.89 x 10-3 mK - Wein's constant 

e, 
T, 

Area under e,. - A graph-fe,dA = e = aT' 
o 

~ 

! • ii 

i L-______________________________________________________ -J" 
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Solar constant 

The Sun emits radiant energy continuously in 
space of which an insignificant part reaches 
the Earth. The solar radiant energy received 
per unit area per unit time by a black surface 
held at right angles to the Sun's rays and placed 
at the mean distance of the Earth (in the 
absence of atmosphere) is called solar constant. 

~ 4rrR~"T' ( Rs )' T' 
5= 4rrr' = 4m' = r 

where Rs = radius of sun 

Physics HandBook 

.. ········r·····_ : : 

~ i 
d 

Note :-
r = average distance between sun and earth. 
5 = 2 cal cm-'min=1.4 kWm-' 
T = temperature of sun ~ 5800 K 

KEY POINTS: 
Stainless steel cooking pans are preferred with extra copper bottom because 
thermal conductivity of copper is more than steel. 
Two layers of cloth of same thickness provide warmer covering than a single 
layer of cloth of double the thickness because air (which is better insulator 
of heat) is trapped between them. 
Animals curl into a ball when they feel very cold to reduce the surface area 
of the body. 

• Water cannot be boiled inside a satellite by convection because in lAIeightlessness 
conditions, natural movement of heated fluid is not possible. 

• Metals have high thermal conductivity because metals have free electrons. 

KINETIC THEORY OF GASES 
It related the macroscopic properties of gases to the microscopic properties 
of gas molecules. 

Basic postulates of KInetic theory of gases 
Every gas consists of extremely small particles known as molecules. The 
molecules of a given gas are all identical but are different than those another 
gas. 
The molecules of a gas are identical, spherical, rigid and perfectly elastic 
point masses. 
The size is negligible in comparision to inter molecular distance (10--9 m) 

1
- AsswnptIons regarding motion : 
.: • Molecules of a gas keep on moving randomly in all possible direction UJith all 
::. possible velocities. 
:; • The speed of gas molecules lie between zero and infinity (very high speed). 
2 • The number of molecules moving with most probable speed is maximum. 
1 • L-______________________________________________________ ~ 
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Assumptions regarding collision: 
• The gas molecules keep colliding among themselves as well as with the walls 

of containing vessel. These collision are perfectly elastic . (ie., the total 
energy before collision = total energy after the collisions.) 

Assumptions regarding foroe: 
No attractive or repulsive force acts between gas molecuJes. 
Gravitational attraction among the molecules is ineffective due to extremely 
small masses and very high speed of molecules. 

AssumpIIons regarding pressure: 
Molecules constantly collide with the walls of container due to which their 
momentum changes. This change in momentum is transferred to the walls of 
the container. Consequently pressure is exerted by gas molecules on the 
walls of container. 

Assumptions Jeganllug density: 
The density of gas is constant at all points of the container. 

KInetic interpretation of pressure : 

[ m = mass of a molecule, N = no. of moleculesJ 

~RT ~NAkT (N) 
Idealgasequatlon PV - ~RT => P - V=-V- - V kT nkT 

Gaslaws 

CI 

CI 
CI 
CI 

CI 

CI 

1 
Boyle's law :For a given mass at constant temperature.' V ox; p 
Charles' law : For a given mass at constant pressure V a:: T 
Gay-Lussac's law For a given mass at constant volume P oc T 
Avogadro's law:lf P,V & T are same then no. of molecules N,sN, 

1 
Graham's law : At constant P and T, Rate of diffusion oc 1P 
Dalton's law : P - P, + P, + ..... 

Total pressure =Stim of partial pressures 

( ~2a ~ 
Real gas equation (Vander Waal's equationJ l P + 7) ry - ~b} - ~RT 

J 

I , 
where a & b are vander waal's constant and depend on the nature oj ,!las. ~ 

~ 
L-______________________________________________________ -J " 
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Critical temperature Te = 27Rb 

Physics HandBook 

The maximum temperature below which a gas can be liquefied by pressure 
alone. . 

Critical volume Ve = 3b 

Note :- For a real gas 
PeVe 3 
RTc =8 

Different speeds of molecules 

a 
Critical pressure P e ~ 27b' 

v = lRT = ~3kT v = ~2RT = ~2kT 
I'll'll Mw m mp Mw m 

Kinetic loterpretation of Temperature : 
Temperature of an ideal gas is propcrtional to the average KE of molecules, 

1 , 1 3 
PV=3mNV~ & PV = ~RT =>Zmv~=ZkT 

Degree of Freedom (F) : 
Number of minimum coordinates required to specify the dynamical state of 
a system. 
For monoatomic gas (He, Ar etc) 1=3 (only translational) 
For diatomic gas (H" 0, etc) 1=5 (3 translational + 2 rotational) 
At higher temperature. diatomic molecules have two degree of freedom due 
to vibrational motion (one for KE + one for PEl 
At higher temperature diatomic gas has 1= 7 

MaxweU's Law of equipartition of energy: 
Kinetic energy associated with each degree 01 Ireedom ' of particles 01 an 

1 
ideal gas is equal to ZkT 

t • 
I 

Average KE of a particle having I degree of freedom~ Z kT 

I . 
i . 
o • ;; 

i 

3 
Translational KE of a molecule = ZkT 

3 
Translational KE 01 a mole = ZRT 

f 
• Internal energy of an ideal gas: U = ZI1RT 
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Specific heats (C. and C.) 

• Molar specific heat of a gas 

• 
c _( dQ ) =_dU_ 

v - ~dT ."""""", ~ 

• Cp = (~ toO = Cv + R <-- Mayer's equation 

~R 
2 

1 
Average distance between """ consecutive collisions ~ z r::-::;

m ,.,2"d-n 

N 
where d = diameter of molecule, n - molecular density - V 

FOTmixture of non-reactlng __ 

Molecular weight 

Specific heat at constant V 

Specific heat at constant P 

M., = !::"!;I M~W,L+.!:."~2c:..M:.!W,L+"':·'::':"· 
- ~I +1-'2+ · .. · 

Cv __ I-IICv, + 1J2C,; + ... ,' 
J.ll+~+ ···· 

c. - ~ICPI + ~,c.. + .... .. 
- .... 1 + ~2 + ..... . 

( 

J 

f • 
~ ~ICp,+~2C" + "" ,, i~ 

Y,.. - C C C v_ J.ll VI +J.l2 Vf + .. .. . L-______________________________________________________ ~ . 

E 96 

SBG STUDY



~ 
~ 

I 

J • • 

Physics HandBook 

KEY POINTS : 

• Kinetic energy per unit volume 

• At absolute zero, the motion of all molecules of the gas stops. 

• At higher temperature and low pressure or at higher temperature and low 
density, a real gas behaves as an ideal gas . 

• For any general process 

(a) Internal energy change AU = nCvdT 

(b) Heat supplied to a gas AQ = nCdT 

where C for any polytropic process PV' a constant is C = C + ~ 
v 1- x 

(c) Work done for any process AW = PAV 

(d) 

It can be calculated as area under p·v curve 

nR 
Work done - AQ - AU = --dT I -x 

For any polytropic process PV' = constant 

THERMODYNAMICS 

Zeroth law of thennodynamlcs : If two systems are each in thermal equilibrium 
with a third, they are also in thermal equilibrium with each other. 

First law of thermodynamics : Heat supplied (Q) to a system is equal to 
algebraic sum of change in internal energy (A U) of the system and mechanical 
work (W) done by the system 

Q - W + AU (Here W = JPdV ; AU = nCvAT] 

6Q - 6W + dU 

For differential change \ J 1 ';;:( .... 
depo ..... nc ndtpmdont 

I 
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Sign Convention 

Heat absorbed by the system ... positive 

Heat rejected by the system -+ negative 

Increase in internal energy (i.e. rise in temperature)-tpositive 

Decrease in internal energy (i.e. fall In temperature)-+ negative 

Work done by the system -+positive 

Work done on the system .... negatlve 

For cyclic process 

For Isochorlc process 

• Fodsobark: process 

• For adiabatic process 

W = 0 => Q-W 

v = constant => P a:; T & W - 0 
Q = 6U = ~Cv6T 
P = I'onstant => V a:; T 
Q = ~C,AT, 6U a ~Cv6T 

W = P(V, - V,) - ~R6T 

PV' = constant 
or Tr p I-J "" constant 
or lVT- 1 _ constant 

In this process Q = 0 and 

W = -6U - ~Cv rr, - T,) =P,V,-P,V, 
y-l 

• For Isothermal Pli oc::ess T = constant 
or 6T - 0 => PV - constant 
In this process 6U - ~C,6 T = 0 

(y:"l (!'Ll 
So, Q = W = ~RT tn l V.J = ~RTtn lp,) 

. For any general polytropic process PV' = constant 

• Molar heat capacity 

• Work done by gas 

• Slope of P-V diagram 

R 
C=Cv +-

I-x 

W = nR(T, - T,) = (P,V, -P,V,) 
x-I x-I 

dP P 
(also known as indicator diagram at any point dV = -x V ) 

~ 
t 
I 

i • • 1 
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Efficiency of a cycle 

Work done by workingsubstance 
~= 

Heat sup plied 

Physics HandBook 

w = Q, -Q, = 1 - Q, 
Q, Q, Q, 

Q, T, 
- = -50 
Q, T, 

For carnot cycle ~=1- 9z. 
Q, 

= 1 - T, 
T, 

For refrigerator 

Coefficient of performance p = ~ = Q,~'Q, 

Bulk modulus of gases : B=~ 
IN 
V 

Isothermal bulk modulus of elasticity. 

Adiabatic bulk modulus of elasticity. 

KEY POINTS 

~ 
T,- T, 

~ . Work done is least for monoatomic gas (adiabatic process) in shown expansion. 

t 
I 
i 
~ ; 
• 
E 

p 

".---.... --- isobariC 

Isothermal 

Diatomic J 
Adiabatic 

Monoatomic 
L-~---------------------+V 

~------------------~9~9------------------~ 
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• Ail' mIicluvleakin,o out of a balloon becomes cooler as the leaking air undergoes 

• First law of i/1e,rmodJ!I1amic:s dices not forbid flow of heat from lower temperature 
to higher t~nlpenatllre. 

• First law oftrermcdyrlallUCS allows many processes which actually don't happen. 

• 

p p 

W-+negative 

'--_____ ,v '--_____ ,v 

CARNOT ENGINE 

It is a hypothetical engine with maximum possible efficiency 

Process 1-->2 & 3-->4 are isothermal 

Process 2-->3 & 4-+ 1 are adiabatic. 

p 

'~, 
Q. 

L-----.:.--+V 
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SIMPl£ HARMONIC MOTIONS 

• Periodic Motion 

Any motion which repeats itself after regular interval of time (i.e. time period) is 
called periodic motion or harmonic motion. 

Ex. (i) Motion of planets around the sun. 

(ii) Motion of the pendulum of wall clock. 

. • OsclUatory Motion 

The motion of body is said to be oscillatory or vibratory motion If It moves back 
and forth (to and fro) about a fixed point after regular interval of time. 

The fixed point about which the body oscUlates is called mean position or 
equilibrium position. 

Ex.: (i) Vibration of the wire of 'Sitar'. 

(il) Oscillation of the mass suspended from spring. 

Note : Every oscillatory motion is periodic but every periodic motion is not 
oscillatory . 

• Simple Harmonic Motion (S.H.M.) 

Simple harmonic motion is the simplest form of vibratory or oscillatory motion. 

• Some Basic Terms In SAM 

Mean Position 

The point at which the restoring force on the particle is zero and potential 
energy is minimum, is knovro as its mean position. 

Restoring Force 

The force acting-on the particle which tends to bring the particle towards ~ 

its mean position, is known as restoring force. i 
Restoring force always acts in a direction opposite to that of displacement. I 
Displacement is measured from the me~n position. t-~ 

• Amplitude 

The maximum (positive or negative) value of displacement of particle from 
mean position is defined as amplitude. .b 

" • TIme period m 1 L-__________________________________ ~" 

E 102 

SBG STUDY



~ 
i 

I 
~ 
~ 

1 

Physics HandBook 

The minimum time after which the particle keeps on repeating its motion is 
known as time period. 

The smallest time taken to complete one oscillation or vibration is also defined 
as time period. 

2n 1 
It is given by T = - = - where co is angular frequency and n is frequency. (j) n 

One oscillation or One vibration 

When a particle goes on one side from mean position and returns back and 
then it goes to other side and again returns back to mean position, then 
this process is known as one oscillation. 

one one 
t -_. oscillation - -C-' oscillation ••..• : 

i i 
: : 

~f---~r---~: ----t----i;L----r--~~ ~ _w_ 
~ 
.0 

" 

Frequency (n or f) 

The number of oscillations per second is defined as frequency. 

1 '" It is given by n = - = --
T 2n 

Phase 

Phase of a vibrating particle at any Instant is the state of the vibrating 
particle regarding its displacement and direction of vibration at that particular 
instant. 

In the equation x = A sin (rot + +), ((j)t+~) is the phase of the particle. 

The phase angle at time t = 0 is known as initial phase or epoch. 

The difference of total phase angles of two particles executing SHM with 
respect to the mean position is known as phase difference. 

Two vibrating particles are said to be in same phase if the phase difference 
between them is an even multiple of n, I.e. ,,~= 2nn where n = 0, 1,2,3, .... 

Two vibrating particle are said to be in opposite phase if the phase difference . ~------------------------~~~------------------------~ E 103 
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• 

• 

• 
• 

• 

• 

• 

• 

between them is an odd multiple of" i.e. , &+ - (2n + 1", where n - 0, 1, 2, 
3, .. .. 

Angular frequency (ID) :The rate of change of phase angle of a particle 

with respect to time is defined as its angular frequency. '" = If 
d'x ~ 

For linear SliM (F a; - x) : F = m cit' - -I<x - -mro' x where ro= ~ m 

d'9 ~ 
For angular SliM ( t oc -9 ) :t - I dt' - I" - - k9 - - mro '9 where ro - v-;:;; 

Displacement x - A sin (rol + .), 

Angular displacement 9 =90 sin(rot+ .) 

dx 
Velocity v=dt- Aro cos(rot + .)=ro"/A' -x' 

d9 
Angular velocity dt - 90 ro cos(rol + .) 

d'x 
Acceleration a- cit' - ~ Aro' sin(rot + +J - ..... ' x 

d'9 
Angular acceleration dt' - - 90ro'sin(rol++J--ro'9 

• Kinetic energy 
I I 

K - - mv' = - mro' Ncos' (rot + +l 
2 2 

• 

• 

1 1 
Potential energy U - '2 kx' = '2 mro'Nsin' (rot + .l 

.. t·" .. 

I 
Total energy E - K + U - - mro'N - constant 

2 

~ , 
I 
" ;; 

1 
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TE t=_ 
displacement time 

Note: 

(i) Total energy of a particle in S.H.M. is same at all instant and at all 
displacement. 

(Ii) Total energy depends upon mass, amplitude and frequency of vibration 
of the particle executing S.H.M. 

• Average energy in SHM 

• 

(I) The time average of P.E. and K.E. over one cycle is 

1 2 
(a) <K>, - 4kA 

1 2 
(b) <PE>, - 4kA lkA' U (c) < TE>, - 2" + 0 

(II) The position average of P.E. and K.E. between x - - A to x=A 

1 , 
(a) <K> = -kA • 3 

Differential equation of SHM 

d'x 
[] Unear SHM: cit' +ro'x-O 

d' S 
[] Angular SHM: cit' +ro'S = 0 
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• Spring block system 

• ~ ~ 
' mlm2 

m m T:& 21t - where Ilareduced mass "" m + m 
)~,; k 1 2 

• When spring mass is not negligible : J: ~ 
k~. T=2nv~ 

• Series combination of springs 

T = 21t ~ where 

• Parallel combination of springs 

k, 

• TIme period of simple pendulum 

~------------------1~06~------------------~ 
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If length of simple pendulum is comparable to the radius of the earth R, then 

T ~ 2n 1 . If t « R then T = 2nJf 
gG+~) 9 

. {R 
If t » R then T = 2nfii '" 84 minutes 

• Second penduhun 

Time period = 2 seconds, Length '" 1 meter (on earth's surface) 

• Time period of Physical pendulum 

• 

~
2 

- + C 
T = 211J I = 211 _i __ 

mgt g 

TIme period of Conical pendulum 

where lern OK mk2 

i . Time period of Torsional pendulum T -2n Jf 
~ 
;;; 

• , 
;:; 

E 

where k = torsional constant of the wire 

I~moment of Inertia of the body about the vertical axis 

~------------------1~O~7~----------------~ 
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• SliM of a particle In a tunnel inside the earth. 

In accelet"lltlng cage 

j. 

9.1I =g+a gel! - g-a 

T = 2"J I T = 2"J £ g+a g-a 

• SHM of gas-piston system 

Here elastic force is developed due to bulk elasticity of the gas 

A 

• . SHM of Floating Body 

Restoring force -+ ThUTSt 

mg E pAhg -+ Equilibrium 

Restoring force F= - {pAg)x 

T= 2"J% 

~----------------~1~O~8~----------------~ 
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SHM In U-tube 

h 
T=2n~ 

KEY POINTS 

• SHM is the projection of uniform circular motion along one of the diameters of 

the circle. 

• The periodic time of a hard spring is less as compared to that of a soft spring 

because the spring constant is large for hard spring. 

• For a system executing SHM, the mechanical energy remains constant. 

• Maximum kinetic energy of a particle in SHM may be greater than mechanical 

energy as potential energy of a system may be negative. 

• The frequency of oscillation of potential energy and kinetic energy is twice as 

that of displacement or velocity or acceleration of a particle executing S.H.M. 

• Spring cut Into two parts : 

I , =(~) c I , =(~I e 
m+n' m+~ 

~ k, = (m + n) k; k = (m + n) k 
m ' n 

" ~------------------1~O~9~~--------------~ E 

SBG STUDY



Phvs1cs HondBoo!c 

FREE. DAMPED. FORCED OSCIllATIONS AND RESONANCE 

Free oscillation 

• The oscillations of a particle with fundamental frequency under the influence 
of restoring force are defined as free oscillations. 

Damped oscillations 

• The oscillations of a body whose amplitude goes on decreasing with time are 
defined as damped oscillations. 

• In these osci1lations the amplitude of oscillations decreases exponentially due 

to damping forces like frictional force, viscous force etc. 

• If initial amplitude is Xm then amplitude after lime I will be x = xme-" where 

y - Damping coefficient 

FORCED OSCIllATIONS 

• The oscillations in which a body oscillates under Ihe influence of an external 

periodic force (driver) are known as forced oscUlations. 

• The driven body does not oscUlate with its natural frequency rather it oscillates ~ 

with the frequency of the driver. 

• The amplitude of oscillator decreases due to damping forces but on account <; 

I of the energy gained from the external source (driver) it remains constant. 

RESONANCE 

• When the frequency of external force (driver) Is equal to the natural frequency 

of the osci1lator (driven), then this state of the driver and the driven is known 
as the state of resonance. 

~------------------------------------------~ 110 

• ;; , 
" E 

SBG STUDY



Physics HandBook 

• In the state of resonance, there occurs maximum transfer of energy from the 
driver to the driven. Hence the amplitude of motion becomes maximum. 

• In the state of resonance the frequency of the driver (Ol) is known as the 

resonant frequency. 

Damped Oscillations : 

Damping force F. = -bv 

where v = velocity, 

b - damping constant 

Restoring force on block F = -kx 

So net force on block 

F =-kx - bv 
~, 

ma = - kx-bv 

d'x 
m-, +kx+bv=O 

dt 

It is the differential equation of damped oscillation. 

Solution of this equation is given by 

x = A) -;';;1 sin(ro'! + ~) 

where A(!) = A)-,':l 
=> A(t) = A,e-T' 

so Iy = b I 
2m and ro' = J k _ b' 

m 4m' 

t Energy in damped oscillation 

I 

J • ;; , 
. L-____________ ~~--------~----~ 
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A wave is a disturbance that propagates In space, transports energy and momentum 
from one point to another without the transport of matler. 

ClASSIFICATION OF WAVES 

• 

• 
• 

Mechanical (Elastic) waves 

Non-mechanical waves (EM waves) 

~:I!:J:rm:J:':C Progressive waves 
' I' ~"'i'~' 

;0 . ~ . Statlonary (standing) waves 

Transverse waves 

longitudinal waves 

I-D rJJaves on strings) 

_~2-D (Surface waves or ripples on water) 

_~3-D (Sound or light waves) 

A mechanical wave will be transverse or longitudinal depending on the nature 
of medium and mode of excitation. 

In strings, mechanical waves are always transverse. 

~ . 
t 

In gases and liquids, mechanical waves are always longitudinal because fluids 
cannot sustain shear. 

Partially transverse waves are possible on a liquid surface because surface 
tension provide some rigidity on a liquid surface. These waves are called 
as ripples as they are combination of transverse & longitudinal. J 

f ~ 
In solids mechanical waves (may be sound) can be either transverse or 
longitudinal depending on the mode of excitation. 

In longitudinal wave motion, oocUlatory mollon of the medium particles produce 
regions of compression (hIgh pressure) and rarefaction Oow pressure) . 

;; • , 
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Plane Progressive Waves 

• Wave equation: y = AS!n(OlI - kx) where k = 2; ~ wave propagation constant 

• 
(fy 1 (fy 

Differential equation: &' = v'iii' 

Wave velocity (phase velocity) Iv = : = ~I .. · Olt - kx = constant ~ : = ~ 

• Particle velocity v, = : = AOlCOS(Olt - kx) lv, = -v x slope = -v(~)1 

• Particle acceleration : a = a'y = -Ol'Asin(Olt _ kx) = -Ol'y , at' 

For particle 1 : v, ~ and a, ~ 

For particle 2 : v, t and a, ~ 

For particle 3 : v, t and a, t 

For particle 4 : v, ~ and a, t 

y 

• Relation between phase difference, path difference & time difference 

B' h O=:S;;2r · 
Ener!lll In Wave Motion 

• 

• 

KE l( run) 1 1 ---=- --- v' =-pv' =-pro'A'COS'(Olt-kx) 
volume 2 volume ' 2 ' 2 

PE 1 , (dY)' 1 " , ---=-pv - =-pOl A cos (Olt-kx) 
volume 2 dx 2 

~ = pOl'A' cos' (Olt -kx) 
volume 

Pressure energy density [i.e. Average total energy / volume] lu = ipro'A' 1 

Power: P - (energy density) (volume/ .time) P = (iPOl'A')<SV) 

[where S = Area of cross-section] 

~ 
t 
I 
I 
:i 
;; 

i 
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Intensity : J Power = 1. pro' A 'v 
area of cross-section 2 

Speed of transverse wave on string : 

v = If where ~ = mass/length and T = tension in the string. 

KEY POINTS 
• A wave can be represented by function y = f(kx ± rot) because it satisfy the 

a'y 1 (f)'v) ro 
differential equation iJx? = v2 at? where v .. k' 

• A pulse whose wave function is given by y-4 / [(2x +5t)'+2J propagates in 
-x direction as this wave function is of the form y-f (kx + rot) which represent 
a wave travelling in -x direction. 

• longitudinal waves can be produced in solids, liquids and gases because bulk 
modulus of elasticity is present in all three. 

WAVEFRONT " 
• Spherical wave front (source -+point source) 

• 

• 

Cylindrical wave front (source ---t linear source) 

Plane wave front (source --> point / linear 

source at very large distance) 

I INTENSITY OF WAVE 

, .... :t ..... / 
¢;z/ ( ""tl~'x* 

.... '" .... ...-
....... ........... 

:=rD"::':::::'!=: , , 
:::J ~ 

! '"'''' f---
~"" M ••••• ·1---+ 

(/ 1 (I 
I ! . 

i ~ i I I 
Ie I) 

y(r,t)- Asin(rot-k.f) 
r I Due to point source I oc r~ 1 

;;; • Due to cylindrical source I oc - y(r, t) = ~r sin (rot- k· f) 
2 r vT 
1 . Due to plane source I - constant y(r,t)=Asin(rot-k.f) " L-______________________________________________________ ~ 
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INTERFERENCE OF WAVES 
Y, ~ A,sin{Olt-kx), Y, - A.sin{Olt-kx+~o) 

Y ~ Y, + Y, - A sin (Olt - kx + ~) 

where A ~ JA: + Ai + 2A,A, cos~o 

~ lw. Ajsln~2 
and j\~ +' A2 cos '0 

As I <>C A' 
A, 

So II ~ I, + I, + 2M cos.ol 

• For constructive interferenee [Maximum Intensltyl 

.0 ~ 2nn or path difference - n}" where n - 0, 1, 2, 3, .... 

• For destructive Interference [Minimum Intensityl 

}" .0 ~ {2n+ 1)n or path difference - (2n+ 1) 2 

where n - 0, 1, 2, 3, .... II ... ~ (F. - A)'I 

• 
I!!lH - Imm 100 

Degree of hearing _ I + I x _ ... " 

RefIedIon and RefractIon (transmission) of_ 

, , 

Incident 
wave 

transmUted 
wave 

,. .... 
,.~/ .. 

/' 
/ 

,/ 

._._ •••••••••• _ ••••••••• Medium-2 
t Li-Lr 

~ 
I f 

} 

i 
~ 

" ;; 

I 
L-______________ ~wa~ve~ ____ _=~~-------------------------J. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

i . 
t 

The frequency of the wave remain unchanged. 

Amplitude of refleeted wave-> A, = =-..:.L A, 
(

V -v ) 
VI +V2 

Amplitude of transmitted wave ->A, =(~)AI 
VI +V2 

If V2 > VI i.e. medium-2 is rarer 

A, > 0 => no phase change in refleeted wave 

If Vz < vJ i.e. medium-! is rarer 

Phvslcs HandBook 

A, < 0 => There is a phase change of n in reflected wave 

As Al is always positive whatever be v I & v 2 the phase of transmitted wave 
always remains unchanged. 

In case of reflection from a denser medium or rigid support or fixed end, 
there is inversion of reflected wave i.e. phase difference of 7t between reflected 
and Incident wave. 

the transmitted wave is never inverted. 

Denser 

Den.er 

y,-A,sln(rot-k,x) 

• L-______________________________________________________ ~ 
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Beats 
When two sound waves of nearly equal (but not exactly equal) frequencies travel 
in same direction, at a given point due to their super poSition, intensity 
alternatively increases and decreases periodically. This periodic waxing and 
waning of sound at a given position is called beats. 

:. -_I 

Stationary waves or standing waves : When two waves of same frequency 
and amplitude travel in opposite direction at same speed, their superstition 
gives rise to a new type of wave, called stationary waves or standing waves. 

Formation of standing wave is possible only in bounded medium. 

• Let two waves are y, = Asin(Olt-kx) ; y, =ASIn(Olt+kx)by principle of 

superposition y = y, +y, = 2Acoskxsinoot <- Equation of stationary wave 

• 

• 

• 

• 

• 

• 

As this equation satisfies the wave equation :; = : ' ~~ , it represent a wave. 

Its amplitude is not constant but varies periodically with poSition. 

). 3), 5), 
Nodes -> amplitude is minimum: coskx = 0 ~ x = 4'4 '4 ' ..... . 

). 3). 
Antlnode. -> amplitude Is maximum: coskx = 1 ~ x = 0'2.1.'2' ...... 

The nodes divide the medium into segments Ooops). All the particles in a 
segment vibrate in same phase but in opposite phase with the particles in 
the adjacent segment. 

As nodes are permanently at rest, so no energy can be transmitted across 
them, i.e . energy of one region (segment) is confjned in that region. 

Transverse stationary waves In stretched string 

[Fixed at both ends) 

< 

< 
l • .1:.. 

2 

> 
[fixed end ->Node & free end->Antinode) 

> 

Fundamental or 

first harmonic 

second hannonic 
first overtone 

f=~ 
2t j 

I 
;; 
;; 

~ L-__________________________________ --J " 
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Fixed at one end 

/.. ( a _ 
4 

< >< 
c= 3/.. 

4 

third harmonic 

second overtone 

lourth harmonic 

third overtone 

Fundamental 

third harmonic 

fjrst overtone 

Physics HandBook 

1= 4v 
21 

I=~ 
4 1 

1= 3v 
4C 

fifth harmonic f= 5v 
second overtone 4( 

Sonometer 

N A 

seventh harmonic 
third overtone 

_ ........ .... .... - ... -.- ..... woO .. -r -"---" -. -.. -.. .. -.......... ~ .. 
fixed ~:;:-------+----~:,;.,It.. ............................ .. ........................ .. 

I p : number of loops! 

plucking 
(Ireeend) 

1= 7v 
4 1 

I =.E.. IT 
" 2l ff; 

lEl ~--------------~~------------~ l 119 
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Sound Waves 
Velocity of sound in a medium of elasticity E and density p Is 

Solids ! """"' ......... 
vI 

v~ 
! 

• Newton's formula : Sound propagation is Isothermal B = P ~ v = ~ 

• Laplace correction : Sound propagation is adiabatic B = yP ~ v = ~ 

KEY POINTS 

• With rise in temperature, velocity of sound in a gas increases as v = tRT 
Mw 

• With rise in humidity velocity of sound increases due to presence of water in 
air. 

• Pressure has no effeet on velocity of sound in a gas as long as temperature 
remains 'Constant. 

Displacement and pressure wave 

A sound wave can be described either in terms of the longitudinal displacement 
suffered by the particles of the medium (called displacement wave) or in terms 
of the excess pressure generated due to compression and rarefaction (called 
pressure wave), 

Displacement wave 

Pressure wave 

where 

y-Asin(mt-kx) 

p - pocos(mt-kx) 

Po - ABk - pAvm 

Note : As sound-sensors (e.g., ear or mike) detect pressure changes, description 
of sound as pressure wave is preferred over displacement wave. 

KEYPOINTS 

• The pressure wave is 90° out of phase w.r.t . displacement wave, i.e. 
displacement will be maximum when pressure is minimum and vlce-versa. 

• Intensity In terms of pressure amplitude 
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Vibrations of organ pipes 

Stationary longitudinal waves closed end -+ displacement node, open end-+ 
displacement antlnode 

Closed end organ pipe 

Rx 

• Only odd harmonics are present 

• Maximum possible waveiength - 4l 

• Frequency of m'" overtone = (2m + l)~ 
4l 

Open end organ pipe 

2v 
( = A ~f=-

2t 

• AU hannonics are present 

• Maximum possible wavelength is 2( . 

• Frequency of m'" overtone = (m + l)~ 2t 

End colTection : 

KXX 
51. 5v 

( =-~f=-
4 4C 

cx:x 
31. 3v 

( =-~f=-
2 2l 

Due to finite momentum of air molecules in organ pipes reflection takes place 
not exactly at open end bUt some what above it, so antinode is not formed 
exactly at free end but slightly above it. 

In closed organ pipe f, = v where e - 0.6 R (R- radius of pipe) 
4((+e) 

In open organ pipe f, = (v ) 
2 ( +2e 
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Resonance Tube 

---{'--- -{ :::::::: . -{------.;;;:::;:.~:. :. :. : .. 
...... b ~ b 

A 

f~ f I , )./4 

! 1 
5 

Wavelen'gth 1.-2(C,- t ,1 End correction 

Intensity of sound In decibels 

Sound level, SL=10Iog,.(t) 

Where I, - threshold of human ear = 10-12 W/m' 

Characteristics of sound 

A 

I 
I, 3)./4 

1 1 
'W 

t,-3e, e---, 2 

• Loudness --> Sensation received by the ear due to Intensity of sound. 

• Pitch --> Sensation received by the ear .due to frequency of sound. ~ 
• Quality (or l1mbrel--> Sensation received by the ear due to waveform of sound. i 
Doppler'. effect In sound : ! 

A stationary source emits wave fronts that propagate with constant velocity 
with constant separation between them and a stationary observer encounters 
them at regular constant Intervals at whlch they were emitted by the source. 

A moving observer will encounter more or lesser number of wavefronts 
depending on whether he is approachlng or receding the source . 

j 
" • ;; 

j L-__________________________________________ ~ __________ _J " 
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A source in motion wiD emit different wave fronl at different places and therefore 
alter wavelength i.e. separation between the wavefronts. 

The apparent change in frequency or pitch due to relative motion of source 
and observer along the line of sight is called Doppler Effect. 

Sourcel.~-.' v, ~ v, .• '--4 •• observer 
n Sound Wave 

, speed of sound wave W.f.t. obsetver 
Observed frequency n = . observed wavelength 

n- ---n ,_ v+vo _(v+vo) 
(v~v, ) v-v, 

( 
v+v) If VOt v, «<v then n' ,. 1 + ~ n 

• Mach Number= speed of source 
speed of sound 

Doppler's effect In light : 

Case I : Observer • o 
Light Source -v S 

Frequency v' =W:~]V ~(l+~)V 

Wavelength A' = (J~:~)A ~ (l-~)A 
Violet Shift 

CaseD 

Frequency 

Observer • o 
Light Source -v S 

I Wavelength A' = (J~ :~)A * ( 1 +~)A 
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Electric Charge 

Charge of a material body is that property due to which it Interacts with 
other charges. There are two kinds of charges- positive and negative . 5 .1. 
unit is coulomb. Charge is quantized, conserved, and additive. 

Coulomb's law: 

Force between two charges 

q, 

F = __ 1_ q,q, , 
4n Eo E, r' 

q, 
• • _r_ E T = dielectric constant 

NOTE :The Law is applicable only for static and point charges. Moving 
charges may result in magnetic interaction. And if charges are extended, 
induction may change the charge distribution. 

Prlndple Of Superposition 

• 

Force on a point charge due to many charges is given by 

F = F, +F,+F3 + ..... .... . 

NOTE: The force due to one charge is not affected by the presence of other 
charges. 

Electric Field or Electric Field Intensity or Electric Field Strength 

(Vector Quantity) 

In the surrounding region of a charge there exist a physical property due 
to which other charge experiences a force. The direction of electric field 
is direction of force experienced by a positively charged particle and the 
magnitude of the field (electric field Intensity) Is the force experienced by 
a unit charge. 

- F 
E = q unit is N/C or Vim. 

Electric field bttenslty due to charge Q 

E = Urn F =_l_Q, 
'10 ...... 0 qo 41t Eo r2 
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Null point for two charges : 
r •• 

Q, 
=> Null point near Q, 

~ 
x~~ x -> distance of null point from Q, charge 

(+) for like charges 
(-) for unlike charges 

r:I Equilibrium of three point charges 

•........ x···_··. 
I • • 
Q, q Q, 
•................. r ...................... .. 

(i) Two charges must be of like nature. 
(ii) Third cbarge should be of unlike nature. 

x ~ frr:.- rand q ~ ~Q,To; 
Q, + "Q, (,jQ. + Q,)' 

r:I EquWbrIum of sy".netric geolll.!bical point charged system 

Value of Q at centre for which system to be in state of equilibrium 

. (i) For equilateral triangle Q . - ~ (iI) For square Q = 

r:I EquIlibrIum of suspended point charge system 
For equilibrium posilion 

kQ2 F kQ2 
Tcas e - mg & Tsin e -F - -2- => tan e =..:..L = -2--

' x mgxmg 

T = J(F. )' + (mg)' 

• II whole set up is taken into an artilicial satellite (g .. '" 0) 

.............. 2/ .. _ ... _ .• 

o c'7 0 
q 1BO' q 
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• 

work 
Electric potential difference flV = -ch = W/q 

arge 

Electric potential Vp = - [Edr 

Physics HandBook 

it is the work done against the field to take a unit positive charge from infinity 
(reference point) to the given point 

CJ For point charge : V = K.9. CJ For several point charges : V = K I .9.c 
r ~ 

• Relation between E & V 

- BV 
E = - grad V = -"IV, E = --: 

ar 
- 8V, aV,aV· f -~ E= --I - -J--k V= - Edr axayaz' . 

• Electric potential energy of two charges: U = _1_ q,q, 
. 4 1tEo r 

• E1ectricdlpole +-d-
CJ Electric dipole moment p = qd -GO !. 

p 
s+q 

CJ Torque on dipole placed in uniform electric field T = Ii x E 
CJ Work done in rotating dipole placed in uniform 'electric field 

W = Jrd8 = 'PEsin8rl8 = pE(cos8, - cos8) 

CJ Potential energy of dipole placed in an uniform field U = -li.E 
CJ 

CJ 

CJ 

At a point which is at a distance r from dipole midpoint and making 
angle 8 with dipole axis. y 

• Potential 

• Electric field 

• Direction 

E = 1 p.J1+ 3 cos' 8 
41t Eo r 3 

E 1 
tana=--....!!. ·=-tanS 

E, 2 

-~+'-:--+ x -q +q 

Electric field at axial point (or End-on) 
- 1 21i 
E = --, of dipole 

4n Eo r 

Electric field at equatorial position (Broad-on) of dipole - 1 (-Ii) 
E=--

4n Eo r' 
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Equipotential Surface And Equipotential Region 
In an electric field the locus of pOints of equal potential Is called an 
equipotential surface . An equipotential surface and the electric field line 
meet at right angles. The region where E = 0, Potential of the whole region 
must remain constant as no work is done in displacement of charge in it, It is 
called as equipotential region like conducting bodies. 

Mutual Potential Energy Or Interaction Energy 
"The work to be done to integrate the charge system". 

For 2 particle system U = ~ 
mutual 4rteoT 

For 3 particle system u =~+~+....9t!L 
mulull 47ttoT12 47ttoT23 41ttoTJI 

n (n-l) 
For n particles there will be --2- terms. 

Total energy of a system = Usell + Umul~1 

Electric flux: ~ = JEds 

(I) Foruniformelectricfield; +z E.A =EAcos9 where 9=anglebetween E 

& area vector (A) . Flux is contributed only due to the component of 

electric field which is perpendicular to the plane. 

(ii) If E is not uniform throughout the area A ,then ,= JE.M 

q- - Lq 
Gauss'. Law: E.dS = - (Applicable only to closed surface) . Eo 

q 
Net flux emerging out of a closed surface is -:- . 

o ? 
,.(_ - q I 

, = 'j'E. d A = ~ where 'l", - net charge enclosed by the closed surface . !, 
+ does not depend on the ~ 
(I) Shape and size of the closed surface " 
(iI) The charges localed outside the closed surface. ; 
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• For a conducting sphere 

Cl For r ;, R ; E~ 
1 q _1_.9. - -- V ~ 

4n e;, r' , 4n e;, r 

Cl For 
1 q 

r < R· E = 0 V - - - -. , 4n e;, R 

• For a non-conducting sphere 

Physics HandBook 

1'",
~r 

~, 

Cl For 

. E 

r " R . E= _ 1_ ; V = _1_.9.~. 
. 4n e;, r' 4n e;, r i 

1 r 

Cl For r < R ' E~_l_qr V = 1 q(3R' -r' ) ~\I 
. 41l' Eo R 3 . 41l' Eo 2R3 

Vc = V~ = ~ ~q = 1.5VSui~ ........... _., r 

~ . For a conducting/non conducting spherical shell 

1 

f • ; 

I , 
E 

1 q 1 q 
Cl For r ;, R ; E- 4rr Eo ;;- ,V= 4n e;, ; 

1 q 
Cl For r < R ; E ~ 0, V . 4" Eo R 

~----------------~12~9~----------------~ 
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• For a charged circular ring 
E 

L---'-----+x 

v 

'--------::~x 

1 qx 1 q 

• 

E, ~ 4n .. (x' + R' )J/ ' • V, - 4n .. (x' + R' )' !2 

R 
Electric field will be maximum at x ~ ±T2 q 

+ 
+ 
+ 
+ For a charged long conducting cylinder 

q 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

: R t 
(] For r;,R : E= 2n .. r 

(] For r<R:E~O 

• Electric field Intensity at a point near a charged conductor E ~ ~ 

• Mechanical pressure on a charged conductor 

• For non-conducting long sheet of surface charge density a 

• For conducting long sheet of surface charge density 

• Energy density In electric field 

Electric lines of force 

Electric lines of electrostatic field have following properties 

(II) Can never cross each other 

+ 
+ 
+ 

~ 
~ 

I 
J 
i • 

q,>q" I 
L-________________________ ~~~------------------------~ . 

01'''''''' ~ 
(iii) Can never be closed loops 
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(iv) The number of lines originating or terminating on a charge is proportional to 

the magnitude of charge. In rationalised MKS system (11,) electric lines are 
associated with unit charge, so if a body encloses a charge q , total lines of 
force associated with it (called nux) will be q/E,. 

(v) Unes of force ends or starts normally at the surface of a conductor. 

(vi) If there is no electric field there will be no lines of force. 

(vii) Unes of force per unit area normal to the area at a point represents magnitude 
of intensity , crowded lines represent strong field while distant lines weak 
field . 

(viii) Tangent to the line of force at a point in an electric field gives the direction of 

intensity. 

KEY POINTS 

Electric field is always perpendicular to a conducting surface (or any 
equipotential surface), 

No tangential component of electric field on such surfaces. 

When a conductor is charged, the charge resides only on the surface. 

Charge density at convex sharp points on a conductor is greater. Lesser 
is radius of curvature at a convex part, greater is the charge density. 

For a conductor of any shape E Gust outside)= ~ 
E, 

Potential difference between two points in an electric field does not depend 
on the path between them. 

Potential at a point due to positive charge is positive & due to negative 
charge is negative. 

Positive charge flows from higher to lower (Le. in the direction of electric 
field) potential and negative charge from lower to higher (Le. opposite 
to the electric field) potential. 

When p I I E the dipole Is In stable equilibrium 

When p I I (- E) the dipole is in unstable equilibrium 

~------------------1~3~1------------------~ 
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When a charged isolated conducting sphere is connected to an uncharged 
small conducting sphere then potential become same on both sphere and 
redistribution of charge take place. 

Self potential energy of a charged conducting spherical shell = ~~' . 

3KQ' 
Self potential energy of an insulating uniformly charged sphere= 5R 

A spherically symmetric charge {i.e p depends only on rl behaves as if 
its charge is concentrated at its centre (for outside points) . 

Dielectric strength of material: The minimum electric field required to 
ionize the medium or the maximum electric field which the medium can 

bear without breaking down. 

• The particles such as photon or neutrino which have no (restl mass can 
never has a charge because charge cannot exist without mass. 

• 

• 

• 

Electric charge is invariant because value of electric charge does not depend 
on frame of reference. 

A spherical body behaves like a point charge for outside pOints because a 
finite charged body may behave like a pOint charge If it produces an inverse 
square field. 

Any arbitrary displacement of charges inside a shell does not introduce any 
change in the electrostatic field of the outer space because a closed 
conducting shell divides the entire space into the inner and outer parts 
which are completely independent of one another in respect of electric 
fields . 

• A charged particle is free to move in an electric field. It mayor may not 'i. 
move along an electric line of force because initial conditions affect the ~ 
motion of charged particle . i 

• 

• 

Electrostatic experiments do not work well in humid days because water 
is a good conductor of electricity, 

A metallic shield in form of a hollow conducting shell may be built to block 
an electric field because In a hollow conducting shell, the electric field is 
zero at every point. 

i 

I • • i L-______________________________________________________ ~ . 
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CAPACITOR & CAPACITANCE 
A capacitor consists of two conductors carrying charges of equal magnitude and 
opposite sign. The capacltance C of any capacitor is the ratio of the charge 

Q on either conductor to the potentiai difference V between them C = ~ 

The capacitance depends only on the geometry of the conductors and not on 
an external source of charge or potential difference. 

CAPACITANCE OF AN ISOLATED SPHEmCAL CONDUCTOR 

C "" 471 EOErR in a medium C "" 4Jt EoR in air 
• This sphere is at infinite distance from all the conductors 

SPHERICAL CAPACITOR : 

It consists of two concentric spherical shells as shown in 
figure. Here capacitance of region between the two shells 
is C, and that outside the shell is C,. We have 

4nE ab 
C, = b 0 and C, = 4n EO b 

-a 
PARALLEL PlATE CAPACITOR: 

@ 
C, 

(I) UNIFORM DI-ELECTRlC MEDIUM :If two parallel plates each of area A & 
separated by a distance d are charged with equal & opposite charge Q, 
then the system is called a parallel plate capacitor & its capacitance is 

E E A e A 
given by. C = -T in a medium; C = ~ with air as medium 

This result is only valid when the electric field between plates of capaCitor is 
constant. 

~ (II) MEDIUM PARTLY AIR 

• 
t 

i 
I 

i 
:; 
;; 

l 

When a di -electrlc slab of thickness t & 
relative permittivity E , is introduced between 
the plates of an air capacitor, then the 
distance between the plates is effectively 

reduced by ( t - ~,) Irrespective of the position 

of the di-elec!ric slab . 

E o 

" L-________________ ~~--------------~ 
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(III) COMPOSITE MEDWM 

C= Eo A 

~+.!:.. + .!L 
Er} E" Er) 

CVUNDRICAL CAPACITOR 

It consists of two co-axial cylinders of Tadil a & b, the outeT COnductOT is 
earthed, The di-electric constant of the medium filled in the space between the 
cylindeTs Is E,' 

The capacitance peT unit length Is C = 2. Eo E, 

(n(~) 

COMBINATION OF CAPACITORS 

(I) CAPACITORS IN SERIES :In this arrangement all the capacltoTs when 
unchaTged get the same chaTge Q but the potential diffeTence across 
each will dlffeT (if the capacitance aTe unequal), 

[

QHQg]-Q-

C1 Cr C:. 

VI v! Vl ---
+ -

(1\) CAPACITORS IN PARALLEL: When one plate of each capacltoT is connected 
to the positive teTminal of the battery & the otheT plate of each l 
capacltoT is connected to the negative teTminals of the battery, then the j 
capacitors are said to be In parallel connection. The capacitors have t 
the same potential diffeTence, V but the chaTge on each one is diffeTent , 
(if the capacltoTs aTe unequal), C ... ~ C, + C, + C, + ...... + C.' " 

",--+-:-:"'j: f~: I I I 
<t+ _~.V ~ 

Q +v - I 
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ENERGY STORED IN A CHARGED CAPACITOR : 

Capacitance C, charge Q & potential difference V: then energy stored is 

This energy Is stored in the electrostatic field set up In the di-electric 

medium between the conducting plates of the capacitor . 

HEAT PRODUCm IN SWITCHING IN CAPAOTtVE CIRCUIT : 

Due to charge flow always some amount of heat is produced when a switch is 

closed In a circuit which can be obtained by energy conservation as -

Heat = Work done by battery - Energy absorbed by capacitor. 

• Work done by battary to charge a capacitor 
Q' 

W=CV'=QV=
C 

SHARING OF CHARGES : 

• 

When two charged conductors of capacitance C , & C, at potential V, & 

V'l respectively aTe connected by a conducting wire, the charge flows 

from higher potential conductor to lower potential conductor, until the 

potential of the two condensers becomes equal. The common potential 

(V) after sharing of charges: 

V = net charge 
net capaci tance 

Q, + q2 _ CtV, + C2V'/. 
C, + C, C, + C, 

charges after sharing q, = C,V & q, = C,V. In this process energy Is lost 
In the connecting wire as heat. 

This loss of energy is U ...... - U, .. , = (C I C, ) (V I - V,)' . 
2 C, + C, 

Attractive force between capacitor plate F = -- (CIA) = ---
( 

(J ) Q' 
2eo 2EoA 

Charging of a capacitor : q = q, (1 - e-·/ RC ) where q, = CV, 
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q R 

c 

Vo 
Discharging of a capacitor: q _ q.e~/RC 

},F-----, 
~ 

R 
KEY POINTS 

The energy of a charged conductor resides outside the conductor in its 

electric field, where as In a condenser it Is stored within the condenser In 

Its electric field . 

The energy of an uncharged condenser - O. 

The capacitance of a capacitor depends only on Its size & geome!Jy & the 

dielectric between the oonductlng surface. (I.e. Independent of the conductor, 

whether it is oopper, silver, gold etc) 

• The two adjacent conductors carrying same charge can be at different potential 

because the conductors may have different sizes and means difference 

capacitance. 

• When a capacitor Is charged by a battery, both the plates received charge 

equal in magnitude, no matter sizes of plates are Identical or not because the ! 

• 

• 

charge distribution on the plates of a capacitor Is In acoordance with charge 

conservation principle. 

On filling the space between the plates of a parallel plate air capacitor with a 

dlelectric, capacity of the capacitor is increased because the same amount of 

charge can be stored al a reduced potential. 

The potential of a grounded object Is taken to be zero because capacitance of 

the e.rih is very large. 

~----------------~1~3~6------------------~ 
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Eu:CTRIC CIJRRENT : 
• Electric charges in motion consUMe an electric current. Any medium having 
practically free electric charges (Le. free to migrate) is a conductor of electricity. 
The electric charge flows from higher potential energy state to lower potential 
energy state. Positive charge flows from higher to lower potential and negative 
charge flows from lower to higher. Metals such as gold, silver, copper, aluminium 
etc. are good conductor.;. 

Eu:CTRIC CURRENT IN A CONDUCTOR 

In absence of potential difference across a conductor, no net current flows 
through a cross section. When a potential difference is applied across a 
conductor the charge carriers (electrons in case of metallic conductors) flow 
in a definite direction which constitutes a net current In It . These electrons 
are not accelerated by electric field in the conductor produced by potential 
difference across the conductor. They move with a constant drift velocity . 
The direction of current is along the flow of positive charge (or opposite to 
flow of negative charge). i = nv,eA, where v, = drift velocity . 

Eu:CTRJC CURRENT AND CURRENT DENSrTY 
The strength of the current j is the rate at which the electric charges are 
flowing. If a charge Q coulomb passes through a given cross section of the 
conductor in t second the current I through the conductor is given by 

I = Q coulomb ampere 
tsecond 

Ampere Is the unit of current. If I Is not constant then I = ~, where dq Is 

net charge transported at a section in time dt. In a current carrying conductor 
we can define a vector which gives the direction as current per unit nonnal, ! 
cross sectional area & Is known as current density. ~ 

Th - I I --us J=-n or - J.5 
5 

Where fi Is the unit vector In the direction of the flow of current. 

For random J or 5, we use I = P . as 

i 
j 

i RElATION IN J. E AND V 0: ;;i 

In conductors drift velocity of electrons Is proportlonal to the electric field ;; 
Inside the conductor as; V, - ~E ~ L-__________________________________ ~ o 
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current density is given as J D A - ne V d - ne(~E) - oE 

where cr = neJl is called conductivity of material and we can also write 

1 
P = - -> resistivity of material. 

" Thus E - p J. It Is called as differential form of Ohm's Law. 

SOURCES OF P01Th'IW. DIFHlIENCE & ELECTROMOTIVE FORCE: 
Dry cells, secondary cells, generator and thermo couple are the devices used 
for producing potential difference in an electric circuit. The potential difference 
between the two tenninals of a source when no energy is drawn from it , 
is called the II Electromotive force" or " EMF " of the source. The unit of 
potential difference is volt. 

1 volt - 1 Ampere x 1 Ohm. 

ELEClRJCAL RESISTANCE : 

The property of a substance which opposes the flow of electric current through 
it, is termed as electrical resistance. EJectrical resistance depends on the size, 
geometery, temperature and Internal structure of the conductor. 

LAw OF RESISTANCE : 

The resistance R offered by a conductor depends on the follOwing factors 

1 
R " t Oength of the conductor) ; R" A (cross section area of the conductor) 

( 
at a given temperature R - P A . Where p is the resistivity of the material of 

the conductor at the given temperature . It is also known as specific resIstance 
of the material & It depends upon nature of conductor. 

DEPENDENCE OF RESISTANCE ON TEMPfJIAltJRE : 

! The resistance of most conductors and all pure metals increases with 
.. temperature, but there are a few in which resistance decreases with temperature. 
~ If R, & R be the resistance of a conductor at DOC and 90c , then it Is found 
~ that R - R, (1 + a 9). I Here we assume that the dimensions of resistance do not change with 

i
-_ temperature if expansion coefficient of material Is considerable. Then Instead 

of resistance we use same property for resistivity as p - Po (1 + n9). The 
materials for which resistance decreases with temperature, the 
temperature coefficient of resistance is negative. 

~ 2 Where a is caned the temperature co-efficient of resistance . The unit of a. is 
1_ K- 1 or OC-1 , Reciprocal of resistivity Is called conductivity and reciprocal of 

resistance is called conductance (G) . 5.1. unit of G is mho. 
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OHM'S LAw : 
Ohm's law is the most fundamental law of all the laws in electrlcity . It says that 
the current through the cross section of the conductor is proportional to the 
applied potential difference under the given physical condition. V - RI. Ohm's 
law Is appUcabie to only metalic conductors . 

KRICHHOfF'S LAw's : 
I - Law (Junction Jawor Nodal Analysis) : This law is based on law of 
conservation of charge. It states that "The a1gebrlc sum of the currents meeting 
at a point is zero" or total currents entering a junction equals total current 
leaving the junction. 

1: I. - 1: I .. 
It Is also known as KCL (KIrchhoffs current law) . 

II - Law (Loop analysis) : The algebric sum of all the voltages In closed circuit 
is zero. 1: IR + 1: EMF - 0 In a closed loop . The closed loop can be traversed 
in any direction . While traversing a loop If higher potential point Is entered, 
put a + ve sign in expression or if lower potential point Is entered put a 
negative sign. 

- V, + 

+ + 

:> c: " > 

+ V. -

-VI - V, +V, -V, - O. Boxes may contain resistor or battery or any other 
element (linear or non-linear). 
It Is also known as KVL (KIrchhoff's voltage Jaw) . 

COMBINATION OF RESISTANCES : 
A number of resistances can be connected and all the complited combinations 
can be reduced to two different types, namely series and paraIIeI . 

R, R, R, R" 

+ V , + VI - + V3 - + V" -

+ V _____________ ..J 

! 
a 

I 
I 

When the resistances are connected end to end then they are said to be ~ 
In series . The current through each resistor Is same . The effective resistance • 
appearing across the battery; i 

L-__________________________ ~--------------------------~ . 
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R~RI +R, +R, + .......... .. .... +R, and 
V~VI+V, +V,+ "" " " """,,+V, . 

The voltage across a resistor is proportional to the resistance 

R 
V ~ I V V 

1 Rl +R2 + ... ...... +Rn ; 2 

(I) RESISTANCE IN PARAl.I.EI. : 

A parallel circuit of resistors is one, in 
which the same voltage is appUed across 
all the components in a parallel grouping 
of resistors Rl' 1\. R, . ........ , Rn . 

Conclusions : 
W Potential difference across each resistor Is same . 
~) I ~ II + I, + I, + .......... I, . 

R, 

R, R 

II 
R, 
v 

11111 
jq Effective resistance (R) then - ~ -+-+-+ .. .. .. .... +-

R RI R, R, R, 

~ Current in different resistors is inversally proportional to the resistance . 

111 1 
II ; I,; ........ I ~-;- ; - ; .......... ,-

" RI R, R, R, 

GI G, 
11 - GI+G,+ .. ....... +G, 1,1,. G, +G, + ........ . +G, I , etc. 

I 
where G - R - Conductance of a resistor . 

EMF OF A CEll & Irs INrnINAL RESIsTANCE : 

If a cell of emf E and Internal resistance 
r be connected with a resistance R the 
total resistance of the circuit is (R + r) . 

r···· .. ······ .. · ·• .. ·· .. ·· 
A: E r iB 

: ! 
\. .. _-----_ ... _-_ ... _-_ .. 

R 
! 
~ -, where V AS - Terminal voltage of the battery , 
~ 
I If r -> 0, cell is Ideal & V -> E & r-R (~-1) 

I', ~ROUPING OF CEllS : 

:; 
;; , 
" E 

w CEllS IN SERIES: Let there be n cells each of emf E, arranged In serles.Let 
r be the intemal resistance of each cell. The total emf - n E. Current in the 

nE nE 
circuit I ~ R+nr' If nr« R then 1- R __ Series combination should be used 

~------------------1~4~1------------------~ 
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E,r E,T E,r E,f 

1-11-1 ~·········l 
upto n 

R 
E 

If nr > > R then 1- - ~Series combination should not be used . 
r 

(I) Cru.s IN P ARAlJ.EL : If m cells each of emf E & internal resistance r be 
connected in parallel and if this combination be connected to an external 
resistance then the emf of the circuit = E. 

r 
Internal resistance of the circuit -

m 

E mE 1=--=-
R+~ mR+r 

R 

mE 
If mR« r then I - - ~Para\lel combination should be used . 

r 

E 
If mR > > r then I = R ~ Parallel combination shoukl not be used . 

(II) Cru.s IN MUL npu ARC : 
mn - number of identical cells . 

n '""' number of rows 
m - number of cells In each rows . 

The combination of cells is equivalent to single cell of : 
1 2 3 m 

(a) emf - mE & 
mr 

(b) internal resistance - 
n 

mE 
Current I = --- . 

R+.qf 

For maximum current 

mr 
nR-mr orR".,

n 
so I =nE=mE 

- 2r 2R 

1 ti ti t-i 
A 2 f-j f-j f-j H"B---, 

\ 3 
n\ I-jl-jl---j , 

\····_············jlj 
R 

~ 
~ 

i 

I 
:; 

• I L-______________________________________________________ ~. 
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For a cell to deliver maximum power across the load internal resistance - load 
resistance c 

WHEAT STONE NElWORK 

When current through the galvanometer Is zero B 

P R 
(null point or balance point) Q = S . 

o 
R 

When 
PS> QR. VC < Vo & PS < QR. VC > Vo 

or PS - QR => products 01 opposite arms are equal. Potential difference 
between C & D at null point is zero . The null point is not allected by 
resistance 01 G & E. It is not allected even il the positions 01 G & E are 
interchanged. 

leo '" (QR - PS) 
• Metre Bridge 

P R rC 
At balance condition : - = - => -==-::-Q S r(IOO-£) 

~=>S= (IOO-t)R 
S I 

POTENJ1OMEmI : 

A potentiometer Is a linear conductor of Wllform cross-section with a steady 

current set up in iI. This maintains a unllorm potential gradient along the 

length 01 the wire . Any potential difference which is less than the potential 

difference maintained across the potentiometer wire can be measured using 

~=.£c 
E, I,' this . The potentiometer equation Is 

.----i~. 
Rh lD-R) 

Circuits 01 potentiometer : primary circuit 

••• .. • .. •• .. • .... •• .. ••••••• .. L .. • .. ·_· .... • .. _ .. •• .. • .. 

At-----------.-__ ,~ .. -.'·re--4'8 
secondary circuit ..., 

E'<E 

x = V = current x resitance of potentiometer wire I(~L) 
L length of potentiometer wire ) 

E~----------------~14~3~----------------~ 
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AMMETER : 
It Is a modified lorm 01 suspended coil galvanometer, It Is used to measure 
current . A shunt (small resistance) Is connected In parallel with galvanometer 
to convert into ammeter . 1 ~ 

IR 
5 =-'--'-

I-I , 
where 5 

R, - galvanometer resistance 
I, - Maximum current that can flow through the galvanometer . 
I - Maximum current that can be measured using the given ammeter. 
An ideal ammeter has zero resistance. 

VOLTMETER : 

A high resistance Is put In series with galvanometer. It Is used to measure 
potential dillerence. 

~A~A_ 
- ~ VYV V 

R .... "', Ideal voltmeter 
II w. 
+ v, 

ELECTRICAL POWER : 

The energy liberated per second In a device Is called its power. The electrical 
power P delivered by an electrical device Is given by P - VI, where 
V - potential difference across device & I - current. If the current enters the 
higher potential point of the device then power Is consumed by It (I.e. acts as 
load) . If the current enters the lower potential point then the device supplies 
power (I.e. acts as source). 

V2 

Power consumed by a resistor P - I' R - VI - R" 

HEATING EFFECT OF ELECTRIC CURRENT : 

When a current Is passed through a reslstor energy Is wasted In over coming 
the resistances 01 the wire . ThIs energy Is converted Into heat 

V2 

W - VIt - I'Rt - R"t 

flows through a 

I'RT 
H - I'RT joule - 4.2 calories. 

! 

If current Is variable passing through the conductor then we use for heat • 
T • 

H= fl2Rdt i 
o z 

~----------------~1~4~4--~~------------~ 

produced In resistance In time 0 to T Is: 
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UNIT OF ELECTRICAL ENERGY CONSUMP1ION : 

1 unit of electrical energy - kilowatt hour - 1 kWh - 3.6 X 10' Joules. 
• Series combination of Bulbs 

v 

• Parallel combination of Bulbs 

p.,V 

P3,V 

~ 
y~ 

KEYPOINfS 
• 

• 

• 

• 

• 

A current flows through a conductor only when there is an electric field within 

the conductor because the drift velocity of electrons is directly proportional to 
the applied electric field. 

Electric field outside the conducting wire which carnes a constant current is zero 
because net charge on a current carrying conductor is zero. 

A metal has a resistance and gets often heated by flow of current because when 

free electrons drift through a metal, they make occasional collisions with the 

lattice. These collisions are inelastic and transfer energy to the lattice as internal 
energy. 
Ohm's law holds only for small current In metallic wire , not for high currents 
because resistance increased with increase in temperature. 

Potentiometer is an ideal Instrument to measure the potential difference because 
potential gradient along the potentiometer wire can be made very small. 

! 
~ 
t 

I : 
An ammeter is always connected in series whereas a voltmeter is connected In 
parallel because an ammeter is a low-resistance galvanometer while a voltmeter 
is a high-resistance galvanometer. 
Current is passed through a metallic wires, heating it red , when cold water is 

poured over half of the portion, rest of the portion becomes more hot because 

resistance decreases due to decrease in temperature so current through wire 
increases. 

~ • 
! L-__________________________________ ~ 
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A static charge produces only electnc field and only electric field can exert a force on 
it. A moving charge produces both electric field and magnetic field and both electric 
field and magnetic field can exert force on It. A current canying conductor produces 
only magnetic field and only magnetic field can exert a force on it. 

Magnetic charge (Le. current) , produces a magnetic field. It can not produce electric 
field as net charge on a current carrying conductor is zero. A magnetic field is 
detected by its action on current canying conductors (or moving charges) and magnetic 

needles (compass). The vector quantity B known as MAGNETIC INDUcnON is Introduced 
to characterise a magnetic fjeld . It is a vector quantity which may be defined in terms 
of the force it produces on electric currents . Unes of magnetic induction may be: 
drawn in the same way as lines of electric field . The number of lines per unit area 
crossing a small area perpendicular to the direction of the induction bring numerically 

equal to B . The number of lines of B crossing a given area is referred to as the 

magnetic nux linked with that area. For this reason B is also called magnetic 
nux density . 

MAGNEllC INDUcnON PRoDUCED Bv A CURRENT (BJOT-S~VART u.w): 
The magnetic Induction dB produced by an element dl canying a current I at a 
distance r is given by: 

~ ~ I de sin 9 --> ~ ~ I (dCx r) 
dB== ~dB==-'-_-'-

4ft r2 4n r3 

here the quantity Ide is called as current element strength. 
~ - permeability of the medium = ~o ~, 

~o ~ permeability of free space . 
~, = relative permeability of the 

medium (Dimensionless quantity) . 
Unit of ~o & ~ is NA-' or Hm- t ; 

~o ~ 4 1t x 10-1 Hm- t 

p 

l MAGNE11c INDUcnON DUE TO A MOVING CHARGE 

! V P 

I q 
In vector form it can be written as dB = 1:.2.. q(\i x r) 

41t r3 

• ~----------------~1~4~7~----------------~ ,.E 
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MAGNE11C INDUcnON DUE To A CURRENT CARIMNG S11WGHT CONDUCTOR 

• Magnetic Induction due to a current carrying straight wire 

• 

1'0 1 
If the wire Is very long 91 ", 9, '" 0" then, B - 2nR 

B-X Magnetic induction due to a infinitely long wire - 2nR ® 

a 1 ~ 90°; a 2 - 900 

'1-.. 
T:':~ 

R 
MAGNE11c FIElD DUE To A FIAT CIRCUlAR COD. CARRYING A CURRENT 

(I) I' NI 
At Its centre B = 2R <9 

where 
N = total number of turns In the coli 
I - current In the coli 

8 ! 
~ 

R - Radius of the coil 

I'oNIR' 
(I) On the axis B - 3/' 

2(x' +R' ) 

Where x = distance of the point from the cenlTe . 

It Is maximum at the centre B _ lloNI c - 2R 

N 

x 
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(iii) t.l AGNETIC INDUCTION DUE TO FlAT CIRCUlAR ARc , B = ~,19 
4nR 

• Magnetic field due to infinite long solid cylindrical conductor of radius 
R 

MAGNETIC INDUCTION DUE TO SOIiNOID 

B = !lonl, direction along axis. 

where n -* number of turns per meter; I --t current 

MAGNETIC INDUCTION DUE TO TOROID 

N 
where n = 2nR (no. of turns per m) 

N = total turns R» r 

MAGNETIC INDUCTION DUE TO CURRENT CARRYING SHEET 

1 B = 2" ~,I where I = Unear current density (Nm) 

MAGNETIC INDUCTION DUE TO THICK SHEET 

At point P2 

At point PI 

8 g 

• • 

• • • • 

} GILBERT'S MAGNETISM (EARTH'S MAGNETIC FIElD): 

!, (a) The line of earth's magnetic induction lies in a vertical plane coinciding with 
! the magnetic North - South direction at that place. This plane is called the 

MAGNETIC MERIDIAN. Earth's magnetic axis is slightly inclined to the geometric 
~ axis of earth and this angle varies from 10.50 to 200. The Earth's Magnetc 
~ poles are opJX)site to the geometric poles i.e. at earth's north pole, its magnetic 
~ south is situated and vice versa. 
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(b) On the magnetic meridian plane, the magnetic Induction vector of the earth at 
any point, generally Inclined to the horizontal at an angle caUed the MAGNETIC 

DIP at that place , such that ii = total magnetic Induction of the earth at that 

point. 

ii. - the vemcal component of ii in the magnetic meridian plane - B sin 9 , 

iiH - the horizontal component of ii in the magnetic meridian pIane=B cos 9. 

~ - tan 9 BH 

(e) At a given place on the surface of the earth, the magnetic meridian and 
the geographic meridian may not coincide. The angle between them Is 
called "DECUNAnON AT ntAT PLACE" 

AMPERES lAW 

g ii . l£ = 11 L I where E I - algebraiC sum of all the currents. 

MOTION OF A CHARGE IN UNIFORM MAGNETIC FlEW : 

(a) When ii Is I I to ii, Motion will be In a straight line and F = 0 

(b) When ii is --.L to ii , Motion will be In circular path with radius 

mv qB 
R - qB and angular velocity OJ - -;;;- and F - qvB. 

(c) When ii is at L 9 to ii , Motion will be helical with radius 

R = mv sin 9 and pitch 
k qB 

~ _ 2rnnv cos e and F _ qvBsln9. 
H - qB 

WRENn FORCE : 

An electric charge 'q' moving with a velocity ii through a magnetic field 

of magnetic induction ii experiences a force F, given by F = qii xii. There 

fore, if the charge moves In a space where both electric and magnetic fields 
are superposed . 

F = net electromagnetic force on the charge - qE+qiixii 

This force is called the LORENTZ FORCE 

~ 

~ 
{ 
! 

f , 
;; 

~ 
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MOTION OF CHARGE IN COMBINED EI£CTRJC FIEJ.D & MAGNETIC AElll 

• When vilB & iilIE , motion will be uniformly accelerated in straight line as 

F magnetic = 0 and F electrostatic ,. qE 
So the particle will be either speeding up or speeding down 

• When vii B & v 1- E, motion will be uniformly accelerated in a parabolic path 

• When v 1- B & v 1- E , the particle may more undeflected & undeivated with 

E 
same uniform speed if v = B [This is called as velocity selector condition) 

MAGNE11C FORCE ON A STRAIGHT CuRRENT CArumNG WIRE: F=I(L xB) 

I = current in the straight conductor 

[ - length of the conductor in the direction of the current In it 

B - magnetic induction. (Uniform throughout the length of conductor) 

Note: In general force is F= fl(di xB) 

MAGNETIC INTERACTION FORCE BE'IWEEN Two PARALW. loNG STRAIGHT CURRENTS: 

When two long straight linear conductors are parallel and carry a current 
in each , they magnetically interact with each other, one experiences a force. 
This force is of: 

(I) Repulsion if the currents ar~ anti-parallel (i.e. in opposite direction) or 

(Ii) Attraction If the currents are parallel (I.e. in the same direction) 

This force per unit length on either conductor is given by F = &~ , 
2n r 

Where r '"" perpendicular distance between the parallel conductors 

t MAG~'E11C TORQUE ON A CLOSED CURRENT CIRCUIT : 

~ 

1 :; 
• 
i 
o 
E 

When a plane closed current circuit of 'N' turns and of area 'A' per tum 
carrying a current I is placed In uniform magnetic field , It experience a zero 

net force, but experience a torque given by T = NI A x B = M x B = BINA sin 9 

where A = area vector outward from the face of the circuit where the current 

is anticlockwise, B - magnetic induction of the uniform magnetic field. 

M = magnetic moment of the current circuit = IN A 

Note : This expression can be used only if B is uniform otherwise calculus 
will be used. 

~----------------~1~5~1------------------~ 
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MOVING COIL GALVANOME"IER 

It consists of a plane coil of many turns suspended in a radial magnetic felld. 
When a current is passed In the coil II experiences a torque which produces 
a twist in the suspension. 
This deflecllon Is directly proportional" to the torque :. NIAB - Ka 

1= ( N~B ) a; K - elastic torsional constant of the suspension 

K 
I D ca C = NAB = Galvanometer Constant 

FORCE ExPauENCID Bv A MAGNE11c D.POI.£ IN A NON-UNIFORM MAGNE11c FIElD : 

where M E< Magnetic dipole moment. 
FORCE ON A RANDOM SHAPED CONDUCTOR IN A UNIFORM MAGNE11C f1ELD 

• Magnetic force on a closed loop In a uniform B is zero 
• Force experienced by a wire of any shape Is equivalent to force on a wire 

joining points A & B in a uniform magnetic field . 
MAGNE11c MOMENT OF A ROTATING CHARGE: 

• 

If a charge q Is rotating at an angular velocity co . its equivalent current is 

~ 1 
given as I - 2n & lis magnetic moment Is M - InR' - 2qco R'. 

ro 

fJ : R : 
+ + 
+ + 

+ ... + .. + 
NOTE: The ratio of magnetic moment to angular momentum of a uniform :! 
rotating object which is charged uniformly Is always a constant. Irrespective " 
of the shape of conductor MIL - q/ 2m .' 
MagnetIc dipole 
J] Magnetic moment M = m x 2t where m - pole strength of the magnet ! 
o Magnetic field at axial point (or End-on) of dipole B = .&. 2M ~ 

41tT
3 

- J 
J] Magnetic field at equatorial posltlon (Broad·on) of dipole B = .&. (-~) < 

4n r .~ o At a point which is at a distance r from dipole midpoint and making 
angle a with dipole axis. , 

L-________________________ ~~~-------------------------' . 
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Magnetic Potential 
v =.&- McosS 

41t r2 

Magnetic field B = ~o M.Jl + 3ees2 S 
41t r3 

[] Torque on dipole placed in uniform magnetic field T = M x B 
[] Potential energy of dipole placed in an unlfonn field U = -M· B 

• intensity of magnetlsatlon 1 - M/V 
• Magnetic Induction B = pH = p, (H + I) 

B 
• MagnetlcpenneabDity p - -H 

• MagnetIc susceptlbDlty 
1 

x" = H =p-l 

• Curle law 

(] For paramagnetic materials 

• Curle Wiess law 

CJ For Ferromagnetic materials 

Where T c - curie temperature 

1 
Xm oc T - Tc 

KEY POINTS 
• A charged particle moves perpendicular to magnetlc field. Its kinetic energy will 

remai n constant but momentum changes because magnetic force acts 

perpendicular to velocity of particle. 

• 

• 

• 

11 a unit north pole rotates around a current carrying wire then work has to be done 

because magnetic field produced by current is always non-conservative in nature. 

In a conductor, free electrons keep on moving but no magnetic force acts on a 

conductor in a magnetic field because in a conductor, the average thermal velocity 

of electrons Is zero. 
Magnetic force between two charges is generally much smaller than the electric 

force between them because speeds of charges are much smaller than the free 

space speed of light. 

Note: 
~=V2 
F.lod ric c2 
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MAGNEllC Fwx: 

$ = B· A = BAcosS for unifonn B. 

$ = fB ·dA for non unifonn B. 
FARADAV'S LAws OF ELEC11WMAGNE"T1C INDUCllON: 
It An Induced emf Is setup whenever the magnetic flux linking that clrcult changes. 
(I) The magnitude of the induced emf in any circult Is proportional to the rate 

of change of the magnetic flux linking the clrcult, e '" ~~ . 

lENZ's LAws : 
The direction of an Induced emf is always such as to oppose the cause producing 
it . 

d<p 
LAw OF EMI:e-- dt . 

The negative sign Indicates that the induced emf opposes the change of the 
fluX. 

EMF INDUCID IN A SlRAIGHT CONDUCTOR IN UNIFORM MAGNE11c FIElJ) : 
E = BLv sina 

where B - flux density 
L - length of the conductor 
v - velocity of the conductor 
a - angle between direction of motion of conductor & B . 

EMF INDUCID IN A ROD ROTA11NG PEBPfN>ICULAR TO MAGNE11C FIElD 

J ®B 

e E = ~Bcot2 
U 2 

II 

For a wheel rotating In a earth magnetic field efIectlve emf Induced between 

the periphery & centre _ ~Bcof2 
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COli. ROTAnON IN MAGNEllC FIElD SUCH THAT AXIS OF ROTAnON Is 
PERPENDICUlAR To THE MAGNE11c FIElD : 
Instantaneous Induced emf. ro shErot - Eo sin rot 
where N - number of turns in the coil 

A - area of one tum 
B - magnetic Induction 
ro - uniform angular velocity of the coil 
Eo - maximum Induced emf 

SELF INDucnoN & SELF INDuCTANCE : 
When a current flowing through a coil Is changed the flux linking with Its 
own winding changes & due to the change in linking flux with the coil an 
emf is induced which Is known as self induced emf & this phenomenon Is 
known as self Induction. This Induced emf opposes the causes of Induction. 
The property of the coil or the circuit due tC' which it opposes any change of 
the current coil or the circuit is known as SELF-INDUCTANCE . It's unit Is Henry. 

Coefficient of Self inductance L = ~ or +, - U 
I 

I - current In the circuit . 
+, - magnetic flux linked with the circuit due to the current I . 
L depends only on ; (I) shape of the loop & (II) medium 

dq> d di 
self Induc.ed emf e,= ill = - cit (U) = -L dt (if L Is constant) 

Combination of Inductors 
a Series combination L - L, + L, + ......... , I same, V In ratio of Inductance, U 

in ratio of Inductance, + In ratio of Inductance 
! 

1 1 1 ~ a Parallel combination L:=L;""+ L, + .. ... .... , V same, lin Inverse ratio of "i 

I 
~ 
2 

i 

inductance, U in inverse ratio of Inductance, • same 

MtrruAL INDUcnON : 
If two electrtc circuits are such that the magnetic field due to a current In one 
is partly or wholly linked with the other, the two coils are said to be 

elecITomagnetically coupled circuits . Then any change of current In one 
produces a change of magnetic flux In the other & the later opposes the L-______________________________________________________ ..J " 
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change by inducing an emf within itself . This phenomenon Is called MUlUAL 

INDucnoN & the Induced emf In the later circuit due to a change of current In 

the former is called MUlUALLV INDUCED EMF . The drcuit in which the 

current is changed, is called the primary & the other drcuit in which the emf 

is induced is called the secondary. The co-efficient of muluallnduction (mutual 

inductance) between two electromagnetically coupled circuit Is the magnetic 

flux linked with the secondary per unit current in the primary. 

Mutual inductance _ M = !£m. = flux linked with sec ondary 
Ip current in the primary 

d<Pm d () dI 
mutually induced emf : Em = dt = - dt MI = -M dt Of M Is constant) 

M depends on (1) geometry of loops (2) medium (3) orientation & distance of 

loops . 

• If two coUs of self Inductance L, and L, are wound over each other, the 

mutual inductance M - K ~L, L, where K is called coupling constant. 

• For two coils wound in same direction and connected in series 

L = L, + L, + 2M 

• For two coils wound In opposite direction and connected In series 

L - L, + L, - 2M 

• For two coUs in parallel 

• Transformer 

CI For ideal transformer 

L = L,L, -M' 
L, +L,± 2M 

E, N, 
~-N;" 

CI Efficiency ~ _ p ~ x 100% 
Pin 
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SOI£NOJD : 
There is a unJlonn magnetic field along the axis of the solenoid 

... m"rF .. .uf-·fm~ .. m.m .. B - ~ nl (ideal : length» diameter) 

I ~ ~ 1 
axis of solenoid Core 

where ~ - magnetic penneability of the core material 

n - number of turns in the solenoid per unit length 

i-current in the solenoid 

Self inductance of a solenoid L - ~o n'AI 
A - area of cross section of solenoid . 

SUPER CONDUcnON Loop IN MAGNE1IC FIElD : 

R - 0 ;E - o. Therefore ~"'" - constant. Thus in a superconducting loop flux 
never changes. (or it opposes 100%) 

1 
It ENERGY STORED IN AN INDUCTOR : W -"2 U' . 

(III Energy of interaction of two loops U - I,~, - I,~, - MI,I, 
where M is mutual inductance 

GROWTH OF A CUIIIIENT IN AN L - R CIRcurr : 

E 
I = Ii: (1- e·RIIL). Uf initial current - 01 

L 
R - time constant of the circuit. 

E 
10 - Ii:. 

It L behaves as open circuit at t - 0 Ilf I - 0 I 

(III L behaves as short circuit at t - 00 always. 

l 
Curve (1) ---+ Ii: large 

l 
Curve (2) ---+ Ii: Small 

l 

R 

_ ................. . 

~ 
; 
{ 

I 
~ 
Ii 

I 
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DECAY OF CURRENT 

Initial current through the Inductor = 10 ; Current at any instant i = Iae-RtA 

I, 

KEYPOINfS 
• An emf is induced in a closed loop where magnetic flux is varied. The induced 

electric field is not conservative field because for induced electric field, the 

line integral 1 E.dC around a closed path is non-zero. 

• Acceleration of a magnet falling through a long solenoid decrease because 
the induced current produced in a circuit always flows in such direction that it 

opposes the change or the cause that produces it. 

• The mutual inductance of two coils is doubled if the self inductance of the 

primary and secondary coil is doubled because mutual inductance M oc ~L1L2 . 

• The possibility of an electric bulb fusing is higher at the time of switching ON 

and OFF because inductive effects produce a surge at the time of switch-off 

and switch-on . 

• Motional emf : If a conductor is moved in a magnetic field then motional emf 

will be E - Be,,," 

Here v 1. (ell & V .l B & B .l teu 

C~fj-t effective length between the end points of conductor which is 

perpendicular to the velocity. 

il 
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T 

Jldt T 

Average value I =_0 -= !Jldt 
~ T T • RMS value I = 

rm~ 

fdt 0 

o 

V 2Vo V = Vo 
For sinusoidal voltage V = Va sin wi : - = -.- & ~ 12 

21 
For sinusoidal current 1= 10 sin(wt+ ~) : l~ = _0 & 

• 
ACCircuits 

1 R g 
I .. *sinUl t 

1 L 

I 10 
,m, = 12 

T 

fl' dt 
o 
- T--

fdt 
o 

1 V 

r::;:J 
1 .. ~sin(<Ot-i) 

lr,---+1v 

c 

11-1 ___ +1 V 

r-V..,roCsin(rol+~ 

bnpedanoe : Z = JR' + X2 where X = reactance 
R L C 

SerleSLCRCIrCUltC:;:::1 Z=JR' +(XL - xc)' 
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• Power Factor = cos~ = R/Z AI resonance, XL - Xc => Z = R, V-V. 

L 

• LC OscUlation ~ q * q" sin (",t + 9), I -I,cOS(",1 + 9) 110 =qorol 
C 

1 2 q2 q~ .!U' 
. 

Energy = -U +- =-= SOl constant 
2 2C 2C 2 0 

Comparison with SHM q..... x, I ..... v, L -t m, 
1 

C-+-
K 

Comparison of Damped Mechanical & electrical systems 

• (J) Series LCR drwll : 

r;::j 
V=V"sinrot 

d'q R dq 1 V, 
-+--+-q =-cosrot 
dt' Ldt LC L 

compare with mechanical damped system equation 

d'x b dx k F, 
- + -- + - X=-COS(J)t 
dt' m dt m m 

where b = damping coefficient. 

Mechanical svstem Bectrical svstems (series RLQ 
Displacement (x) Cha'lJ! (q) 
Driving lorce (F) Driving voltage M 

Kinetic energy ( i mv' ) 
Electromagnetic energy d. moving charge 

iL( : J = i u' 

Potential energy ~kx' 
, 

Energy of static charge ~ 

mass(m) L 
Pa..ver P -Fv PowerP-VI 
DampirQ (b) Resistance (R) 

Spring constant l /C 
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• (II) Parallel lCR circuit: In this case 

L 

• 

r 1 
I " C I 

R 

~ 

V-V,sinUlt 

I _ I +1 +1 _!+i.c(d$)+lc d$ => d2$+~d$+~$_ VOsinwt 
L C R L dt dt R dt dt' RC dt LC ZC 

Displacement (x) = Flux linkage (+) 

Velocity ( : ) = Voltage (:) 

Mass(m) = Capacitance (C) 
Spring constant (1<) = Reciprocal Industance (Ill) 
Damping coefficient (b) = Reciprocal resistance (l/R) 
Driving force (F) = Current (I) 

Properties of EM Waves 

The electric and magnetic fields E and B aTe always perpendicular to 
the direction in which the wave is travelling. Thus the em wave is a 
transverse wave. 

• EM waves carry momentum and energy, 
EM wave travel through vacuum with the speed of light c, where 

1 
c - ~ - 3 X 10' ml s 

,,~ o Eo 

• The instantaneous magnitude of E and B in an EM wave are related by 

E 
the expression B = C 

• The cross product E x B always gives the direction in which the wave 
~ travels . 
C • Poynting Vector , The rate of flow of energy crossing a unit area by electro-

I magnetic radiation is given by poynting vector 5 where 5 _ -.!... (E x sl i . Displacement current : In a region of space in which ther:~s a changing 

• eledric field, there is a displacement current defined as I, =Eo ddt¢E where Co is 

• 
J the permittivity of free space and ~E - fE. dS is the eledric flux . 
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• Maxwell's Equations 

4 - - q E·dS= - IGauss law for electricity! 
Eo 

qB .dS = O IGauss law for magnetism! 

4E.di = - d:t lFaraday's law! 

4B.d( =~o[lc +Eo d!E] IAmpere's law with Maxwell's correction! 

KEYPOINfS 
• An alternating current of frequency 50 Hz becomes zero, 100 times in one 

second because alternating current changes direction and becomes zero 
twice in a cycle. 

• An aitemating current cannot be used to conduct electrolysis because the 
ions due to their inertia, cannot follow the changing electric fie ld , 

, Average value of AC is always defined over half cycle because average 
value of AC over a complete cycle is always zero. 

• AC current flows on the periphery of wire Instead of flowing through total 
volume of wire. This known as skin effect. 

I mporl:a.nt-NO't"fw 

164 E 

SBG STUDY



~ 

~ 
i 
i 

Physics HandBook 

REFLECTION 

lAWS OF REFLECTION : 

The incident ray (AB), the reflected ray (BC) and normal (N6) to the surface 
(SS') of reflection at the point of incidence (6) lie in the same plane. This 
plane is called the plane of incidence (also plane of reflection). 

The angle of incidence (the angle between nonmal and the incident ray) 
and the angle of reflection (the angle between the reflected ray and the 

normal) are equal lLi = Lrl 

A 

In vectorform Ii -e - 2(e,.;).;1 

OBJECT : 

Real: Point from which rays actually diverge. 

Virtual: Point towards which rays appear to converge 

IMAGE: 

Image is decided by reflected or refracted rays only. The point image for a 
mirror is that point towards which the rays reflected from the mirror, actually 
converge (real image). 

OR 

From which the reflected rays appear to diverge (virtual image) . 

CHARACTERISTICS OF REFLECTION BY A PlANE MIRROR 

The size of the image is the same as that of the object. 

For a real object the image is vlrtuai and for a vlrtuai object the image is real. 

For a fixed incident light ray, if the mirror be rotated through an angle e the 
reflected ray turns through an angle 29 in the same sense. 

i 360 
.,i NUmober of Images (n) In inclined mirror Find -e- = m 

._ If m even, th~n n "'" m - 1, for all positions of object. 
:; 
~ 0 If m odd , then n - m, If object not on bisector 

i and n - m - 1, If object at bisector 
• ~------------------1~6~5~----------------~ E 
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CJ If m fraction then n - nearest even number 

SPHERICAL MIRRORS: 

/- ~---- ....... ... 

M 

surface 
COO\IeI( mirror 

PARAXIAL RAYS: 

Rays which lorms very small angle with axis are called paraxial rays. All formulae 
are valid for paraxial fay only. 

SIGN CONVENTION: 

• We follow cartesian co-ordinate system convention according to which the pole 
of the mirror is the origin. 

• The direction of the incident rays is considered as positive x-axis. Vertically up is 
positive y-axis. 

• All distance are measured from pole. 

Note: According to above convention radius of curvature and focus of concave 
mirror is negative and of convex mirror is ~itive . 

MIRROR FORMUlA : 
1 1 1 
- =- +-
f v u 

f ... x- coordinate of focus 

v = x-coordinate of image 

u - x-coordinate of object 

Note: Valid only for paraxial rays. 

TRANSVERSE MAGNIFICATION 
h, v 

m=- =--
hI u 

h2 ""' Y cO-Qrdinate of image hi ... Y co-ordinate of the object 

(both perpendicular to the principal axis of mirror) 

Longitudinal magnification: m
2 

Length of image m2 = 
Length of object 

for small objects m 2 = -m~ m. - transverse magnification. 
• 
" J 
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VELOCITY OF IMAGE OF MOVING OBJECT (SPHERICAL MIRROR) 

Velocity component along axis (Longitudinal velocity) 

M 

0 ..-. 

M' 

When an object is coming from infinite towards the focus of concave mirror 

III .. - +-= -
• V u f 

1 dv 1 du . -~---- = O 
.. v2 dt u2 dt 

_ V2 _ 2-
:::::) V = - -v = - m v 

l'1 U2 o x OM 

dv 
• V 1M = dt = velocity of image with respect to mirror 

du 
• V OM = dt = velocity of object with respect to mirror. 

NEWTON'S FORMULA : 

Applicable to a pair of real object and real image position only. They aTe 

called conjugate positions or fOCi, XI' Xl are the distance along the principal 
axis of the Teal object and real image respectively (rom the principal focus 

1 
; OPTICAL POWER: Optical power of a mirror (in Dlopters) = - f 
i • 
~ 
I 
{ 

i • • 
i 

where f = focal length (in meters) with sign . 

REFRACTION -PIANE SURfrud: 

LAWS OF REFRACTION (AT ANY REFRACTING SURFACE) 

Laws of Refraction 

(i) Incident ray, refracted ray and normal always lie in the same plane o L-______________________________________________________ ~ 
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In vector form lie x Iil.r = 01 

{Iii The product of refractive index and sine of angle of incidence at a poi"t In a 
medium is constant. lJ 1 sin i = ~2 sin r (Snell's law) 

Snell's law : 

Note : Frequency of light does not change during refraction. 

D~TIONOFARAYDUETO~cnON 

langle of deviation, 5 ~ I - rl 

B",·· 

REFRACTION THROUGH A PARAllEL SlAB 

Emerged ray is parallel to the incident ray, if medium is same on both sides. 

A 
,N , 
,8 

1 
;r .:--. ..... 
'" ..... 

, L ____ ~----'~ ..... ~~OO~~. ~ 
c t-

I' 
D 

Lateral shift tsinli-r) t th·ck fib X= ; - I ness 0 sa 
cosr . 

i 
Note : Emerged ray will not be parallel to the incident ray If the medium on i 
both the sides are different. , 
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APPARENT DEPTH OF SUBMERGED OBJECT : Ih' < h) 

~ l > 11 2 
h 

o 

For near normal incidence h' = J.l2 h 
~I 

~x = Apparent shift = t ( 1 - ; ) 

• always in direction of incidence ray. 

o 0' 
+xx+ 

Note : h and h' are always measured from surface. 

CRITICAL ANGLE & TOTAL INTERNAL REFLECTION (TIR) 

N N N , 

! RARER I' 

i>C l 

o 
N' 

I DENSER 

N' 

Conditions of TIR 

• Ray is going from denser to rarer medium 

• Angle of incidence should be greater than the critical angle Ii > C) , 

~ C = sin- l JlR = sin-1 ~ = sin-I )..0 
S Critical angle 
j lJo VR AR 

I som::I:::~~::~~::::~li::~:r:a:o:~:~:::lnreneCtion inside it. As refractive 

o index for diamond is 2,5 so C= 24·, Now the cutting of diamond are such • ~ that I > C, So T1R will take place again and again inside it. The light which 
, beams out from a few places in some specific directions makes it sparkle. 
S 
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Optical Fibre 
In it light through multiple total internal reflections is propagated along the axis 
of a glass fibre of radius of few microns in which index of refraction of core Is 
greater than that of surroundings (cladding) 

• Mirage and looming 
Mirage is caused by total internal reflection in deserts where due to heating of the 
earth, refractive index of alT near the surface of earth becomes lesser than above 
it. Ught from distant objects reaches the surface of earth with i > 9 c so that TIR 
will take piace and we see the image of an object along with the object as shown 
in figure. 

'.~ 
; 
" 

Similar to 'mirage' in deserts, In polar regions looming' takes place due to TIR. 
Here ~ decreases with height and so the image of an object is formed in air 
if (i>C) as shown in figure. 

.... . 
.... 

rare ..... 

~ 

~ 

I 
i 
" • 
~ 

L-______________________________________________________ -J " 
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REFRACfION THROUGH PRISM: 

p 

Variation of 0. versus i 

-8-U+i')-(r+r') -r+r'-A 

angie of 
deviation 

O_ ----Q 
o~'--t--- ! I 
-1h,J.,-~i,-~~,\--.... angle of 

i-~ i"'e e-~ incidence 
e_90a i:a90a 

There is one and only one angle of inddence for which the angle of deviation is 
minimum, When 3 - & m then i - i' & r - r' , the ray passes symetrically about 

the prism, & then 

Note: When the prism is dipped in a medium then n - R.1. of glass w.r.t. 
medium. 

For a thin prism ( A ~ 1O,) : &-(n-l)A 

Dispersion Of Light : The angular splitting of a ray of white light into a 
number of components when it is refracted in a medium other than air is 
called Dispersion 0/ Ught. 

Angle of Dispersion ; Angle between the rays of the extreme colours in the 
refracted (dispersed) light is called Angle of Dispersion. 9 - 8,. - 8, 

Dispersive power (c(») of the medium of the material of prism . 

.A~!:::~~:Jf·m~ea~n ray angular dispersion 
. <0 
~ deviation of mean ray (yellow) v 

)L-________ ~~==~~~ 
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(a) 

(b) 

o - 0 n - n n + n For small angled prism ( A ~ 100 ) ; w = _, ___ R = _, __ R • n = _, __ R 

Oy n-l ' 2 

n" nR & n are R. I. of material for violet, red & yellow colours respectively. 

Combination Of Two Prisms : 

Achromatic Combination: It is used for deviation without dispersion . 
Condition for this (n, on) A - -in ', - n') A'. 

Net mean deviation = [ n, ; nR -1]A _[ n: ; n~ _ 1]A' or w~ + w'o' _ a where 

w, w' are dispersive powers for the two prisms & ~ , 0' are the mean deviation. 
Direct Vision Combination: It Is used for producing disperlon without deviation 

[
n, + nR 1] [n: + n'R l]A' condition for this --2- - A = - --2--

Net angle of dispersion - (n, - n) A - (n: - n; ) A'. 

REfRACTION AT SPHERICAL SURFM& 

h_&=~2 -J.1 1 \" 
v u R 

~, 

v, u & R are to be kept with sign as 

v = PI 0 P 
+ve 

u- - PO 

R-PC 

(Note : Radius is wttb sign) 

m=J.l,V 
~, u 

Lens Formula : 

1 1 

(a) ----++-_ 
+ve 

Power of Lenses 

1 1 1 1 (1 1) v - - - = - (b) -=(11 - 1) --- (c) m=
vuf f R,R, u 

Reciprocal of focal length in meter is known as power of lens. 

SI unit , dioptre (0) 1 100. Power of lens : P = - = --- d,optre 
f(m) f(cm) 
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Combination of Lenses 

Two thin lens are placed In contact to each other 

1 1 1 
Power of combination. P = PI + P 2 => F = r + r 

1 , 

Use sign convention when solve numericals 

Newton's Fonnula 

It··--· ···· · --~··--~·-u -_._ .... _... ·· __ ·_· __ ····_··-v····· __ ····· __ ····-· .. 

x,. 

o F, F, 
If = JX0.1 

X l = distance of object from focus; x2 "" distance of image from focus. 

DispIaooment Method 

It is used for determination of focal length of convex lens In laboratory. A 
thin convex lens of focal length f is placed between an object and a screen 
fixed at a distance D apart. 

"'---u- _··_-_·····v- (lKJ) ._ ...• _ .... __ . 

~77~ __ -+-r _________ ,O 

!object ~ 
I ... -.. ~-........ ".~ ...... -.... -'--"---"'-D .~-.... -.... - .... --... -.-.-.. 

(I) For D<4f: u will be imaginary hence physically no posltion of lens is possible 

(i) 
D 

For D = 4f : u ="2 =2f so only one position of lens is possible and since 

v = D - u = 4f - 2f - u -21 

(lB) 
D-.JD(D - 4f) 

For D > 4f: u1 = 2 and u, 
D+,fD(D-4f) 

2 

So there are two positions of lens for which real image will be formed. on the 
screen. 

For wo positions of the lens distances of object and image are interchangeable . 

D-x D+x 
so u\=-2-·=vzandv\=-2-=U2 
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• 

I] VI D+x 12 V., D- x 
m =-= -=-- d m =-=~=--

I 0 U
l 

D _ x an 2 a U
2 

0 + x 

SUvering of one surface of lens [use P., = 2p,+p. 1 

D When plane surface is silvered 0 

[] When convex surface is silvered 0 

R 
F=2(~ _ 1) 

R 
F = 2~ 

OPTICAL INSTRUMENTS 

• For Simple microscope 

• 

[] Magnifying power when image is formed at D : MP - 1 + D/ f 

[] When Image Is formed at infinity MP = D/f 

For Compound microscope 
Vo ( D '\ 

: MP - --l-) 
Uo u. 

Vo (1 D'\ [] Magnifying power when final image Is formed at D. MP- - - +-) 
Uo f

t 

[] Tube length L - Vo + I u. I 

Vo D 
[] When final image is formed at infinity MP = - ~ x"[ and L - Vo + f. 

• s 
( 

1 
~ 
:; 
f, 

~ 
L-----------------~1~7~4------------------~E 
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• Astronomical Telescope: MP = _..IL 
u. 

LI Magnifying power when final image is formed at D: 

LI Tube length: L = f, + I u, l 

LI When final image is formed at infinity 
~ 

: MP= -r and L - f, + f. 

• For terrestrial telescope : MP = t and L = f, + f, + 4f 

, 

• 

• 

• 

, 

, 

For GaJUean telescope : MP -
~ r & L - f, - f, 

1 
Lens camera : Time of exposure oc ( rtu )'. f-number -ape re 

focal length 
aperture 

1 1 1 
For myopia or short-sightedness or near slghtednes. F P - -b' t = -f = P 

.. 0 Jec 

f - -F.P. 

1 1 1 
For long - slghtedne •• or hypermetropia --- --= - = P 

N.P. object f 

Umlt of resolution for microscope 1.22 .. ----
Zasin8 resolving power 

1 

1.22.. 1 
Umlt of resolution for telescope - --= ---,-,..::----

a resolving power 

~ KEY POINTS: i ' For observing traffic at our back we prefer to use a convex mirror because a 
s convex mirror has a more larger field of view than a plane mirror or concave 

f
- , mirror. 

< · , • , 
• 
E 

A ray incident along normal to a mirror retraces its path because in reflection 
angle of incidence is always equal to angle of reflection. 

Images formed by mirrors do not show chromatic aberration because focal 
length of mirror is Independent of wavelength of light and refractive index of 
medium, 

175 

SBG STUDY



• Ught from an object falls on a concave mirror forming a real image of the 
object. If both the object and mirror are Immersed in water, there is no cnange 
in the position of image because the formation of image by renection does 
not depend on surrounding medium, there is no change In position of Image 

provided It is also formed in water. 

• The images formed by total internal renections are much brighter than those 
formed by mirrors and lenses because there Is no loss of intensity in total 
internal renectlon. 

• A fish inside a pond will see a person outside taller than he Is actually because 
light bend away from the normal as it enters water from air. 

• A fish in water at depth h sees the whole outside world in horizontal circle of 
radius. 

• 

• 

• 

• 

h 
r - h tanSe - J~2 - 1 

Just before setting, the Sun may appear to be elliptical due to refraction 
because refraction of light ray through the atmosphere may cause different 
magnification in mutually perpendicular directions. 

A lens have two principal focal lengths which may differ because light can fall 
on either sur/ace of the lens. The two principal focal lengths differ when 
medium on two sides have different refractive indices. 

A convex lens behaves as a concave lens when placed in a medium of refractive 
index greater than the refractive index of Its material because light in that case 
will travel through the convex lens from denser to rarer medium. It will bend 
away from the normal, i.e., the convex lens would diverge the rays. 

If lower half of a lens is covered with a black paper, the fuJI image of the 
object is formed because every portion of lens forms the fuJI image of the 
object but sharpness of image decrease. 

• Sun glasses have zero power even though their surfaces are curved because 1. 
both the sur/aces of the Sun glasses are curved In the same direction with a 
same radiI. i 

I , 
:,; • , 

L-____________ ~~--------------~ " 
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Huygen's Wave Theory : 

Huygen's in 1678 assumed that a body emits light in the form of waves. 

• Each point source of light is a centre of disturbance from which waves spread 
in all directions. The locus of all the particles of the medium vibrating in 
the same phase at a given instant is called a wavefront. 

j. Each point on a wave front is a source of new disturbance, called secondary 
wavelets. These wavelets are spherical and travel with speed of light in that 
medium. 

The forward envelope of the secondary wavelets at any instant gives the 
new wavefront. 

• In homogeneous medium, the wave front is always perpendicular to the 
direction of wave propagation. 

Plane wavefront Spherical wavefront 
A B 

A' B' 

Coherent Sources : 

Two sources will be coherent if and only if they produce waves of same 
frequency (and hence wavelength) and have a constant initial phase difference. 

Incoherent sources : 

Two sources are said to be incoherent if they have different frequency and 
initial phase difference is not constant w.r.t. time. 

! 

j 

I 
" ;; 

i 
~ ________________ ~~ ______________ ~N 
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Interference : YDSE 

• Resultant intensity for coherent sources 

• Resultant intensity for incoherent sources 

• Intensity a:; width of slit a:; (amplitude)' 

• 
nAD 

Distance of nth bright fringe xn = -d-

Path difference = nl. 

where n =0, 1, 2, 3, ..... 

• Distance of mlh dark fringe 

(2m+ l)W 

2d 

Physics HandBook 

I = I, +1, +2.J1;I; cos~o 

I - I, + I, 

S'~I?J""""""'"'''''''''''''''' ' ''''''''''''' 

A 
Path difference = (2m+ 1) 2 where m·= 0, 1, 2, 3, ..... 

• 

• 

• 

• 

Fringe width P = ":: 

P A 
Angular fringe width = D = d 

I~, -Imm 100 
Fringe visibility _ I + I . x % 

~ mm 

If a transparent sheets of referactive index ~ and thickness t is introduced in 
one of the paths of interfering waves, optial path wiD becomes '~f instead of 

'f. Entire fringe pattern is displaced by D[(~; l )tJ = ~(~ - l)t towards the 

side in which the thin sheet Is Introduced without any change In fringe width. 
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KEY POINTS 
• The law of conservation of energy holds good In the phenomenon of 

Interference. 
• Fringes are neither Image nor shadow of silt but locus of a point which moves 

such a way that Its path difference from the two sources remalns constant. 
• In YPSE the Interference fringes for two coherent point sources are 

hyperbololds with axis 5 ,5, . 
• If the Interference experiment Is repeated with bichromatlc light, the fringes 

of two wavelengths will be coincident for the Ii"t time when 

n(pl ..... = (n + 1) (Pl"""", 

• No Interference pattern Is detected when two coherent sources are Infinitely 

1 
close to each other, because P oc d 

• If maximum number of maximas or minlmas are asked in the question, use 
the fact that value of sln9 or cos9 can't be greater than 1. 

d 
Total maxima - 2n_ + 1 nN • 

).. 

DIFFRACTION 

• In Fraunhofer diffraction 
0 For minima 

0 For maxima 

0 Unear width of central maxima 

0 Angular width of central maxima 

0 Intensity of maxima 
Where 10 - Intensity of central maxima 

I_I [sln(P!2)], P _ 2" 1n9 - 0 and --as 
P/ 2 ),. 

• Polarization : 

0 Brewste,,' law :-

a sinOn - nA 
),. 

a sln9, - (2n + 1) 2" 
W _ 2W 

• a 

'I. 

" 3 

f 
I 

).1-tan9p~ ,-
9, -+ polarization of Brewster's angie 

o Here reflecting and refracting rays are perpendlrular to each other. ~ 

o Malus law :- :i 
ii 

I - I, cos' a , 
I, -+ Maximum intensity of polarized light. , 
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Cathode ravs : 

Generated in a discharge tube In which a high vaccum is maintained. 

They are electrons accelerated by high potential dlfference(10 to 15 kV) 

• 
K.E. of C.R. particle accelerated by a p.d. V is 

1 , p' 
eV=-mv =-

2 2m 

Can be deflecled by Electric & magnetic fields. 

Electromagnetic Spectrum : 

. Ordered arrangement of the big family of electro magnetic waves (EMW) either 
In ascending order of frequencies or decendlng order of wave lengths. 

Speed of E.M,W. In vactrum : C - 3 x 10' mls - VA 

red(7.6x lO- 7m) 

• 
infrared 

• • 
Radio waves 

• • 
Micro waves 
(e.g. radar) 

violet(3.6x 10-1m) 

• • 
X-rays 

Frequency (Hz) 

t 

" I 
PlANK'S QUANTUM THEORY ~ 

A beam of EMW Is a stream of discrete packets of energy called PHOTONS; I 
each photon having a frequency v and energy - E=hv ~ 

• 
where h - planck's constant - 6.63 x 10'''' J-s. i L-__________________________________ ~ , 
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According to Planck the energy of a photon is directly proportional to the 
frequency of the radiation. 

[ 
hc 0 ] .,' -;- = 12400(A- eV) 

Effective mass of photon 
E hc h 1 

m = c2 = c2). = CA. i.e. m oc i 

So mass of violet light photon is greater than the mass of red light photon. 
(.,' l., > l.) 

E hv h 
Unear momentum of photon P = ~ = 7 = I 

E P 
• Intensity of light, 1= At = A ... (i) 

Here P = power of source, A "" Area, t - time taken 

E - energy incident in t time = Nhv N",. no. of photon incident in t time 

Intensity 1= N~v) = n~v) ... (ii) [ .,' n = ~ = no. of photon per sec.] 

• 
~ 

I· 
P n(hv) P Pl. 

From equation (I) and (ii) - = -- => n = - = -- = 5 x 10" J-l m-l x Px l. 
• A A hv hc 

Force exerted on perfectly reflecting surface 

;; 
• , 
• L-______________________________________________________ .J 
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Force exerted on perfectly absorbing .urface 

F = ~ (.; n = Pi>.) and Pressure=.!:. = ~ = ! 
c hc AAcc 

• When a beam of light Is incident at angle 9 on perfectly reflector 
surface 

F = 2IAcos' 9 
c 

• When a beam of light Is incident at angle e 
IAcos9 

on perfectly absorbing surface F = ---
c 

PHOTO ELECTRIC EFFECT 

The phenomenon of the emission of electrons, when metals are 
exposed to light (of a certain minimum frequency) is called photo electric 
effect. 

Result. : 

Can be explained only on the basis of the quantum theory (concept of photon) 

Electrons are emitted if the Incident light has frequency v;' v, (threshold 
frequency). Emission of eJectrons Is Independent of Intensity. The wave length 
corresponding to v, Is caDed threshold wave Jength ;". 

v, Is different for different metals. 

Number of electrons emitted per second depends on the intenSity of the 
incident light. 

EIN5mNS PHOTO ELECTRIC EQUATION 

Photon energy - KE~. of electron + work function 

hv - KE~. +. ~ 
a 

~ = Work function - energy needed by the electron in freeing itse~ from the t 
atoms of the metal ~ - h v, § 

I STOPPING POmmAL OR Cur 0.. POlElmAL : 

The minimum value of the retarding potentia] to prevent electron emission is 

eVeW. off • (KE)_ :0 

Note: The number of photons Incident on a surface per unit time Is called ~ 
photon flux . , 

L-___________________________ ~------------------------.J " 
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WAVE NATIJRE OF MATTER : 

Beams of electrons and other forms of matter exhibit wave properties including 

h 
interference and diffraction with a de Broglie wave length given by 1.. = -

p 

(wave length of a praticle). 

De Broglie wavelength associated with moving particles 

If a particle of mass m moving with velocity v. 

1 , p' 
Kinetic energy of the particle E = - mv = --

2 2m 

momentum of particle p = mv = .J2mE 

h h h 
the wave length aSSOCiated with the particles Is 1.. = - = -- = ~ 

p mv ,,2mE 

De Broglie wavelength associated with the charged particles :-

For an Electron 

For Proton 

For Deuteron 

For a Particles 

, _ 12.27 X 10-10 
_ 12.27 A 

".- JV m- JV 

A, 
0.286 X 10-10 0.286 A' 

JV m~Tv 

, _ 0.202 A 
"d -Tv 

., = 0.101 • .. ,," JV A 

l ATOMIC MODELS 

I 
f 
~ • i 
" E 

(a) Thomson model: (Plum pudding model) 

Most of the mass and all the poSitive charge of an atom Is uniformly distributed 
over the full size of atom (10·\0 m). 

Electrons are studded in this uniform distribution . 

Failed to explain the large angle scattering a - particle scattered by thin foils 
of matter. 
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(h) Rutherford model : (Nuclear Moden 

The most 01 the mass and all the positiYl! charge Is concentrated within a size 01 
10-]4 m inside the atom. This concentration is called the atomic nucleus. 

The electron""""""" around the nucleus under electric Interaction between them 
In ctra.oJar orbits. 

An accelerating charge radiates the nucleus spiralling Inward and finally lall 
into the nucleus: which does not happen In an atom. ThIs could not be 
explalned by this model. 

(c) Bohr atomic model : Bohr adopted Rutherford model 01 the atom & 
added some arbitrary conditions. These conditions are known as his postulates 

The electron in a stable orbit does not radiate energy. 

A stable orbit Is that In which the angular momentum 01 the electron about 

h h 
nucleus is an integral (n) multiple 01 -2 i.e. mvr = n- ; n=1, 2, 3, .. (n ~ 0). 

• 2. 

The electron can absorb or raellate energy only II the electron jumps Irom a 
lower to a higher orbit or lalls from a higher to a lower orbit. 

The energy emitted or absorbed Is a light photon 01 Irequency v and 01 
energy. E • hv 

For hydrogen atom : (Z • atomic number • 1) 

• 

• 

• 

h 
L,. - angu1ar momentum in the nth orbit - n 21t 

r, • radius 01 n" ctrcular orbit • (0.529 A) n' => r,O: n'. 

-13.6 eV 
En - Energy of the electron In the nih orbit - n2 

1 
=>E a:: 

" n' 

Note : Total energy 01 the electron in an atom Is negative, indicating that it 
ts~ i 

~ 

? Binding Energy (BE), _ - E, 
13.6 eV 

n' 

E n2 - Enl - Energy emitted when an electron jumps from n2
th orbit to n/h I 

orbit (n, > nil . I 

.iE • (13.6 eV) [n~' - n:' ] ~ 

• 

i • ~----------------~1~8~6------------------~ 
- hv; v ... frequency 01 spectral line emitted 

E 
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1 [ 1 1 ] i-wave no. I no. of waves in unit length Urn)] - R -, --, 
"1 "2 

Where R _ Rydberg's constant, for hydrogen. - 1.097 x 10' m·1 

• For hydrogen like atom/species of atomic number Z: 

r~ 
Bohr radius n2 22 

n' - (0.529 A'i -Z ; E - (- 13.6) --, eV Z ~ n 

R, -RZ'; Rydberg's constant for element of atomic no. Z . 

Note : If motion of the nucleus is also considered , then m is replaced by ~. 

Where ~- reduced mass of electron - nucleus system - mM/(m+M) 

Z, ~ 
In this case E, - (-13.6 eV) n"~ 

• 
Spectral series : 

Lyman SerIes (Landing oroit n - 1) . 

Ultraviolet region v - R [:' - n: 'l n, > 1 

Balmer Series: (Landing orbit n - 2) 

Visible region v _ R [~ __ 1_] ; n, > 2 
22 n 2 , . 

Paschan Series : (Landing orbit n - 3) 

In the near infrared region v = R [--\ - ~l' ;. n2 > 3 
3 n, 

Bracket SerIes : (Landing orbit n - 4) 

In the mid infrared region v _ R[~ _ -.!..]; n, > 4 
42 

"2
2 

Pfund Series : (Landing orbit n - 5) 

In far infrared reglon 

. L-________________ ~----------------~ 
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In all these series n, = nl + 1 1s the a line 

- n, + 2 Is the P line 

"" nl + 3 is the y line .. .. ... etc. 

where n
l 

- Landing orbit 

o Total emission spectral lInes 

From n, _ n to n, _ 1 state _ n(n -1) 
2 

{(n-m)(n-m+l)i 
Fromn a nton - mstate -l ) 

" 2 

Excitation potential of atom : 

Excitation potential for quantum jump from 
E -E 

n~n- 02 01 

1 2 - electron d8r~ 

Ionization energy of hydrogen atom : 

The energy required to remove an electron from an atom. The energy required 
to ionize hydrogen atom Is - 0 - ( - 13.6) - 13.6 eV. 

Ionization Potential : 

Potential difference through which a free electron Is moved to gain Ionization 

-E n 
energy ,., electronic charg2 

X-RAYS: 

X-rays are produced by bombarding high speed electrons on a target 
of high atomic weight and high melting point. 

Short wavelength (0.1 A to lOA) electromagnetic radiation. 

Are produced when a metal anode is bombarded by velY high energy electrons ! 
Are not affected by electric and magnetic field. 

They cause photoelectric emission. 

Characteristics equation 

e - electron charge; 

V- acceieratlng potential 

V m - maximum frequency of X - radiation 

kft - Js,-Characteristic Spectrum ~ 
t 
i 
i 
< 
:;; • 

A" A I 
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Intensity of X - rays depends on number of electrons hitting the target . 

Cut off wavelength or minimum wavelength, where V (in volts) is the p.d. 

12400 · 
applied to the tube A""" " -V-A 

Continuous spectrum due to retardation of electrons. 
• Characteristic X-rays 

hc 
For Ko ' A - E-=E 

K l 

• Moseley's law for characteristic spectrum: 

Frequency of characteristic line .r.; = a(Z - b) 

Where a, b are constant, for K" line b - 1 
Z - atomic number of target 
v = frequency of characteristic spectrum 
b = screening constant (for K- series b-l, L series b-7.4), 
a = proportionality constant 
Bohr model 
1. For single electron species 

2. liE = 13.6Z{ : : - : :] eV 

3. 

4. .!. = RZ' [..!.. -..!..] 
~ n~ n~ 

Diffraction of X-ray 

Moseley's correction 
1. For many electron species 

2. liE - 13.6 (Z-b)' [:: - :Jv 

Diffraction of X-ray take place according to Bragg's law 2d sln9 - nA 

9 

o o o o 

o o o o o 

d - spacing of crystal plane or lattice constant or distance 
between adjacent atomic plane 

9 - Bragg's angle or glancing angle 
~ - Diffracting angle n - I , 2, 3 ...... . 
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For Maximum Wavelength 

sin e - I, n - 1 ~ }."ITIII. - 2d 

so if A > 2d diffraction Is not possible I.e. solution of Bragg's equation is not 
possible. 

KEY POINTS 

Binding energy - - ITotal Mechanical Energy] 
c 

Velocity of electron In n~ orbit for hydrogen atom" 137n ; c - speed of 
light. 

Series limit means minimum wave length of that series. 

NUCLEAR COWSIONS 

We can represent a nuclear collision or reaction by the following notation, 
which means X (a,b) Y 

a 
(bombarding parlicle) 

We can apply : 

+ X 
(at rest) 

--> Y +b 

. (I) Conservation of momentum (II) Conservation of charge (III) Conservation of 
mass-€nergy 

For any nuclear reaction a + X -. Y + b 

K, K, K3 K, 

By mass energy conservation 

(I) K, + K, + (m. + m,)c' - K3 + K, + (my + m,)c' 

(ii) Energy released In any nuclear reaction or collision Is called Q value of the 
reaction. 

(III) Q - (K, + K.) - (K, + K,) - tKp -tKR - (tmR - tmp)c' 

(Iv) If Q is positive, energy Is released and products are more stable in comparison 
to reactants. ! 

(v) If Q is negative, energy Is absorbed and products are less stable In comparison ~ 
to reactants. 

Q - t(B.E,)"""" - t(B,E.)""""" 

Nuclear Fission 

In 1938 by Hahn and Strassmann. By attack of • particle splitting of a heao,y 
nucleus (A > 230) Into two or more Ughter nuclei, In this process certain mass 
disappears which Is obtained In the fonm of energy (enonmous amount) 

I 
i 
~ 
;; 

A+p ~ excited nucleus ~ B+C+Q i 
~------------------------------~--~" 190 E 
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Nuclear Fusion: 

It Is the phenomenon of fusing two or more lighter nuclei to form a single heavy 
nucleus. 

A + B ~C + Q (Energy) 

The product (C) is more stable then reactants (A and B) and m, < (m, + mJ 

and mass defect ~m - I(m, + m,,)- m,J amu 

Energy released Is E = ~m 931 MeV 

The total binding energy and binding energy per nucleon C both are more 
than of A and B. ~E - E, - (E, + EJ 

RADIOACTIVITY 

Radioactive Decays : Generally, there are three types of radioactive decays 

(i) a decay (ii) p- and P' decay (iii) y decay 

a decay: By emitting a particle, the nucleus decreases It's mass number and 
move towards stability. Nucleus having A>210 shows a decay. 

P decay : In beta decay, either a neutron is converted Into proton or proton 
is converted into neutron. 

y decay : When an a or p decay takes place, the daughter nucleus Is usually 
in higher energy state, such a nucleus comes to ground state by emitting a 
photon or photons. 

Order of energy of y photon Is 100 keV 

Laws of Radioactive Decay: The rate of disintegration Is directly proportional 
to the number of radioactive atoms present at that time I.e., rate of decay oc 
number of nuclei. 

dN 
Rate of decay = A (number of nuclei) i.e., dt = -AN 

where A is called the decay constant. 

dN 
This equation may be expressed In the form N = -Mlt 

} dN = -). fclt =:0 (n(l~ l) =-At 
No N 0 No 

where No Is the "umber 0/ parent nuclei at 1- 0 . The number thai survives at 

th f N N " nd 2.303 (Nol 
time t is ere ore = oe-4 a t = --loglO l-) 

). N, 

1 N _ Noe-u where).. - decay constant 
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Cn2 o Halflife t' /2 = T 

o Average lIfe 
1 

t .
~ A 

• Within duration t,n => 50% of No decayed and 50% of No remains active 

• Within duration tw => 63% of No decayed and 37% of No remains active 

o Activity R - AN • Roe-" 

o 1Bq - 1 decay/s, 

o 1 curie · 3.7 X 10" Bq, 

o 1 rutherford · 10' Bq 

o After n half lives Number of nuclei left • * 
. N N e-I.I o Probability of a nucleus for survival of time I • N = T = e-'" 

o 0 

• ParaJ\el radioactive disintegration 

lei Initial number of nuclei of A Is No then al any time number of nuclei of 

/B 
A 

~c 

A, B & C are given by No • N A + N. + Nc 

A diSintegrates Into B and C by emitting (l,p particle. 

dN 1'-
=> _ A = -(A, +1..,)NA => A •• = A, +1.., => toll =-'1:L 

dt I, + I, 

! 
a 
f 
! 

f 
" ;; 

J 
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Radioactive Disintegration with Successive 

f1 - •••••••••••• ~ ... - ... 

! 
~ 
i 

Production 

dNA -a- AN . dt - A .... (1) 

when N is maximum dNA ~ 0 ~ a - ANA = 0 
A ~ , 

a rate of production 
NA ITlIIX= I"= A. 

, 

R 

t 

, dN 
By equation (I) J A 

o a - AN ... 
JeIt, Number of nuclei is NA ~ ~(l- e-" ) 
o A 

• Equivalence of mass and energy E _ mc2 

Note :- 1u - 1.66 X 10-27 kg" 931.5 MeV or e' = 931.5 MeV/ u 

• Binding energy of ,x' 

BE - Arne' - IZrn, + IA- Z)rn, - rnxle' - IZrnH + IA-Z)rn, - rnx]c' 

• Q-value of a nuclear reaction 

For a + X ---> Y + b or X la, b)Y; Q - 1M, + Mx - My - M,)c' 

• Radius of the nucleus 

R - RoA'/3 where Ro - 1.3 1m - 1.3 x 10-" rn 

I From Bohr Model 

i 
~ 

n, - 2, 3, 4 .. ..... K series 

n, - 3, 4, 5 ....... L series 
• 
, n, - 3, n, - 4, 5, 6 ....... M series 
• L-________________________ ~~~------------------------..J 
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Comparison between conductor, semiconductor and Insulator : 

,-",,,"o,. nlof 

• Number of electrons reaching from valence band to conduction band 

-~ n - AT312 e 2kT 

• Classification of Semiconductors : 

• 

SEMICONDUCTOR 

+ Intrinsic 
semiconductor 

t 
(pure form of Ge. Si) 

"' .. I\, - n, 

Mass-actlon law 

t 
~ 

Extrinsic semiconductor 
(doped semicondutor) 

+ 
N-Iype 

pentavalent impurity 
(P, As, Sb etc.) 

donar impurity {NJ 
n. » nto 

n ~ = n. x nh 

n - N • 0 

t 
~ 

P-Iype 
trivalent impurity 

(Ga, B, In, AI) 
acceptor impurity (NJ 

nil » n. 

, • ConductMtv n ,e(~. + ~h) 
• L-__________________________ ~~-------------------------' 

LI For N-type semiconductor 
LI For P-type semiconductor nh - N ... 
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Comparison between Forward Bias and Reverse Bias 

. 

saluration 
C""""t 

Rewrse resistance : R, 

R =·lO',llor51 
R, 

~ 
~ 
t r 
i , 
• i 

i 
L-________________________ ~~~-------------------------J . 
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• Half wave rectifier 

o 
ideal diode 

!; . 
~V-V...slOrot 

• Centre - Tap Full wave Rectifier 
D, 

Peak value - v. 

• Full wave Bridge reactifler 

• I 
Form factor - Irmt 

" 

+ 

+ 

v. 

h:f\f\f\f\ 
\fM\) \)1) 

~ o D. O' " ,'0, 

HandBook 

tcL!\f\ · \F\T: · . . . . . · . . . . . · . . . . . · ... . · . . . . . 

~ ~ 
n 

D For HWR (Half wave rectifier) Form factor - 2 

D For FWR (Full wave rectifier) Form factor - "r.:; 
2,,2 

~ 
~ . 
i 
! 
1 • 

f I" Ripple actor r - -1-
d, 

D For HWR r = 1.21 

Rectifier efficiency 

I 
:;; D For HWR ~% ~ 40.6 
2 1 + RF 
, RL 

D For FWR 

&FWR 

r = 0.48 
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• For transistor 

Comparative study of' transistor configurations 
1. Common Base (CB) 2. Common Emitter (CE) 

3. Common Collector (CC) 

CB CE CC 

EEtC B:tIEJtC BEE ;CB 'CE \ .CC 
B .. - B E t r E C I . e 

~ B~C ~E B ' 
" i, e ' e B B E E 

In ut a. .. lanc. Low (100 n) H ' h (750 0 ) V. H h .il 750kn 

Output 
Very High ,..._tMce HUh Low 

I or at I o r ~) ",,) 
Current Gain a=~<l i i 

f3=...f.. > 1 '( = ...!..> 1 
I, I, I, 

A=v..='CRL A = Vo = I, R, A _ Vg _IERl 
V V, lER, V ~ IsR, v - '" - 18R, ! Volbge Gain 

R R R ! Ao. n:oJ...l50 A .~== 500 A - y.:..:.L.. < l 
R, o R, o R, 

A =!'..= n' B.. P R A =!'.. =y,B.. I PO'Wm' Gain A =...£. = Jit .:.:.J... 
p ~ R, 'p, R. P P. R, 

I PIa .. clff .... ne. 
~output same phase opposite pha. same phase 
.... In t 

ApplialUon For High Frequency For Audible freqwncy For-lmpedence ;; 
Match; • i z 
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a 1 
Relation between a, ~ and y: P = --, y = 1 + p, y = --

1-a 1-a 

logic gates 

o ORg.te 

o AND g.te 

o NOT gate 

o NOR g.te 

o NANDg.te 

o XOR g.te 

o XNOR g.te 

De Morgan's theorem 

OR AND NOT 
A+O=A A. 0 = 0 A+A =1 
A+l=l A. 1 = A A·A =O 
A+A=A A . A=A A·A=A 

" L-________________ ~~--------------~ 
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Faithful transmission of information from one place to another place is called 
communication. 

Basic components of a communication system 

, 
L __ ........... ___ ..... __ .. _ .. _ ... _._._ .. _ ...... _~ ____ ._ ..... __ ..... _ .. _.: 

r:" ...... 

~~~J 

Transmitter: Transmitter converts the message signal prodoced by information 
source into a form (e.g. eleclrial signal) that is suitable for transmission through 
the channel to the receiver. 

Communication channel: Communication channel Is a medium (transmission 
line, an optical fibre or free space etc) which connects a receiver and a 
transmitter. It carries the modulated wave from the transmitter to the receiver, 

• Receiver: It receives and decode the signal into original form. 

Important tenns used in communication 

Transducer. Transducer is the device that converts one form of energy into 
another. Microphone, photo detectors and piezoelectric sensors are types 
of transducer. 

Signal Signal is the Information converted in electrical form. Signals can 
be analog or digital. Sound and picture signals in 1V are analog. 

It is defined as a single-valued function of time which has a unique value 
at every instant of time. 

Analog SIgnal :- A continuously varying signal (Voltage or Current) 
is called an analog signal. A decimal number with system base 10 is 
used to deal with analog signal. 

DIgital Signal :- A signai that can have only discrete stepwise values 
is called a digital signal. A binary number system with base 2 is used 
to deal with digital signals . 

I 
EL-------------------2~O-1------------------~ 
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v 

An analog _lgnal 

v 

1 - -

o 

Noise : There are unwanted signals that tend to disturb the transmission and 

processing of message signals. The source of noise can be inside or outside 

the system. 

Attenuation : It is the loss of strength of a signals while propagating through 

a medium. It is like damping of oscillations. 

Amplification : It is the process of increasing the amplitude (and therefore 

the strength) of a signal using an electronic circuit called the amplifier. 

Amplification is absolutely necessary to compensate for the attenuation of 

the signal in communication systems. 

Range : It is the largest distance between the source and the destination 

upto which the signal is received with sufficient strength. 

Repeater : A repeater acts as a receiver and a transmitter. A repeater picks 

up the signal which is coming from the transmitter, amplifies and retransmits 

it with a change in carrier frequency. Repeaters are necessary to extend the 

range of a communication system as shown in figure A communication satellite 

is basically a repeater station In space. 

Use of repeater station to Increase the range of communication 

! 
~ 

! 
! 

I 
~ 

I 
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BANDWIDTH 

Bandwidth of signals : Different signal. used in a communication system 
such as voice, music, picture, computer data etc, all have different ranges 
of frequency. The difference of maximum and minimum frequency In the 
range of each signal Is called bandwidth of that signal. 

Bandwidth can be of message signal as well as of transmission medium. 

(I) Bandwidth for analog signals : Bandwidth for some analog signals 
are listed below : 

(II) Bandwidth for digital signal : Basically digital signals are rectangular 
waves and these can be splited into a superposition of sinusoidal waves 
of frequencies vO' 2vol 3vol 4vo •. nvo1 where n is an integer extending 
to infinity. This Implies that the Infinite bend width Is required to reproduce 
the rectangular waves. However, for practical purposes, higher harmonics 
are neglected for limiting the bandwidth 

Bandwidth of Transmission Medium 

Different types of transmission media offer different band width of which 
some are listed below 

Service Frequaney range Romark. 
1 Wire (most c~: 750 MHz IBar<lwldthl Normaly operated beklw 18 GI-Iz 

Cooxlel Cable 
2 Free space (radio WZlve~ 540 kHz4.2 GHz 

(Q Stanw"d AM 540 kHz 10 30 MHz 

(II)FM 88-108 Mtiz 

(iii) Television 54-72 M-iz VHF (Very high frequencies) TV 
76-88 p..t.iz UHF (1JItra hlght frequency! TV 

174·216 MHz 
420-890 MHz 

(tv) CeDuiar mobile radio 896-90 1 MHz Mobile 10 base Station 
840-935 MHz &lse station to mobile 

Cv) Satelite 5.925-6.425 GHz Uplnklng 

ComTTJ.lnication 3.7 -4.2G-1z Downlinklng 
3 Optical communication lTHz-IOOO ll-tz One single optical flbre offers 

usi~ fibres (microwaves- ulba violet) bandwidth:> 100 Giz 
" L-______________________________________________________________ -J 
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Ground Wave Propagation : 

(a) The radio waves which travel through atmosphere following the surface of earth 

are known as ground waves or surface waves and their propagation Is called 

ground wave propagation or surface wave propagation. These waves are vertically 

polarised In order to prevent short-cIrcuiting of the electric component. The 

electrical field due to the wave Induce charges In the earth's surface. As the 

wave travels, the Induced charges in the earth also travel along It. This constltules 

a current in the earth's surface. As the ground wave passes over the surface 

of the earth, It Is weakened as a result of energy absorbed by, the earth. Due 

to these losses the ground waves are not suited for very long range 
communication. Further these losses are higher for high frequency. Hence, 

ground wave propagation can be sustained only at low frequencies (500 kHz 

to 1500 kHz). 

(b) The ground wave transmission becomes weaker with Increase In frequency 

because more absorption of ground waves takes place at higher frequency 

during propagation through atmosphere. 

(c) The ground wave propagation Is suitable for low and medium frequency I.e. 

upto 2 MHz only. 

(d) The ground wave propagation is generally used for local band broadcasting 

and is commonly called medium wave. 

(e) The maximum range of ground or surface wave propagation depends on two 

factors ; 

(I) The frequency of the radio waves and (II) Power of the transmitter 

Sky Wave Propagation : 

(b) The lonoopherlc layer acts as a reflector for a certaln range of frequencies 

(3 to 30 MHz). Therefore It Is also called has Inospherlc propagation or 

short wave propagation. Electromagnetic waves of frequencies higher than 

30 MHz penetrate the Ionosphere and escape. 

(c) The highest frequency of radio waves which when sent straight (I.e. nonnally) 

towards the layer of Ionosphere gets reflected from Ionosphere and returns 

to the earth Is called critical frequency. It Is given by If, = 9.JN.:1, where 
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Space wave propagation : 

(a) The space waves are the radio waves of very high frequency (i.e. between 30 
MHz. to 300 MHz or more). 

(b) The space waves can travel through atmosphere from transmitter antenna to 
receiver antenna either directly or after reflection from ground In the earth's 

troposphere region. That is why the space wave propagation Is also called 
as tropospherical propagation or line of sight propagation. 

(c) The range of communication of space wave propagation can be Increased 

by increasing the heights of transmitting and receiving antenna. 

(d) Height of transmitting Antenna : Q 
The transmitted waves, travelling In a straight 
line, directly reach the received end and aTe 
then picked up by the receiving antenna as 
shown in figure. Due to finite curvature of 
the earth, such waves cannot be seen beyond 
the tangent pOints 5 and T. 

s,* __ +-_+~ 

.......•...• ~ .•... 
(R+h)' _ R' + d' 

As R»h, So h' + 2Rh _ d' 

Area covered for 1V transmission: A - 1td2 
- 21tRh 

Population covered - population density x area covered 

o 

If height of receiving antenna is also given In the question then the maximum 
line of sight 

Line 01 sight communkation by space W8\IIH 

where; 

R-radius of earth (approximately 6400 km) 

hT =< height of transmitting antenna 

hR .., height of receiving antenna 
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MODUlATION 

The phenomenon of superposition of information signal over a high frequency 
carrier wave is called modulation. In this process, ampitude, frequency or 
phase angle of a high frequency carrier wave Is modified In accordance with 
the Instantaneous value of the low frequency information. 

I Modulation I 
I L 

I Continuous wave Modulation I L Pu .. Wave Modulation 

1 

AM FM PM 
PIIM 

PTM PCM 
(Pulse 

(Ampl;!ude (freqJenc:y (Ph ... Amplitude (Pulse TIme (PWeCode 
ModtJation) ModtJation) ModtJation) Moc:Motion) ModtJation) Moduliillonl 

PWM PPM 
(Pulse Width Pulse Positlor 
ModtJationl Modwtion) 

Need for Modulation : 

(I) To avoid Interference: If many modulating signals travel directly through 

the same transmission channel, they wlU Interfere with each other and result 

In distortion. 

(II) To design antennas of practical size : The minimum height of antenna 

(not of antenna tower) should be )./4 where ). Is wavelength of modulating 

signal. This minimum size becomes impractical. because the frequency of ! 
the modulating signal can be upto 5 kHz which corresponds to a wavelength ~ 

of 3 x 10'/5 X 10' m 60 km. This wlU require an antenna of the minimum 

height of l./4 - 15 km. This size of an antenna Is not practical. 

(III) Effective Power RMIIated by an Antenna: A theoretical study of radiation 

from a linear antenna Oength l) shows that the power radiated Is proportional 

to (frequency)' I.e. (1/),)'. For a good transmission, we need high powers 

and hence this also points out to the need of using hlgh frequency transmission. 

~----------------~2~O~6-------------------J 
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Amplitude Madulatlon 

Modulating Signal Carrier Signal AM Carrier Signal 

~.~.JIwf 
Modulation factor, 

amplitude of modulating wave 
m = -'''-':'''-'':=-;;.-'-=:'':'';;=-='''''':''-'-

amplitude of normal carrier wave 

v 
, If vm = Vm COSOlmt and Vc = Vc C050), t then m = "if 

, 

• As amplitude of the carrier wave varies at signal frequency f m so the amplitude 

ro, 
of AM wave""' Vc + mVe coswmt & frequency of AM wave... 21t 

Therefore v = [Ve (1 + m)cosoomt]cosooct 

Frequency spectrum of AM wave 

v c _ ••• _ ••••.••••• __ •••••••• _ ••••.•• 

mVc 
2 ···· .... ·.············· ...................... . 

(fc·f.) fc fc+f. 

l skle band frequency j 

~ p. ower tn AM wave : 

J Power of carrier wave : p - ~ where R - resistance of antenna in which 
~ c - 2R 

• 
I 
~------------------2~O~7~----------------~ E 
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• 

• 

• 

Total power of side bands : 1 (mv)' m' P =2x- = =-p 
.......... 2R 2 2 c 

Total power of AM wave -

m' 
Fraction of total power carried by sidebands - 2 + m' 

Frequency Modulation (FM) : 
When the frequency of carries wave is changed in accordance with the 
instantaneous value of the modulating signal. It Is called frequency modulation. 

~--~~~------~------~------~---> Signal 

Carrier 

FMWave 

Normal Max Normal Min Normlll Max Norm~ Min Normal 
freq . freq. freq. freq. freq . freq. freq. freq. freq . 

MODUlATION FACTOR OR INDEX AND CARRIER SWING (CS) 

• 

• 

Modulation factor: m = max. frequency deviation AI 
Modulating fnequency fm 

! .6.f - fmalt.-fc ... fc-fmln. ; vFM - V ccoslmct + -
~ Carrier Swing (CS) . 

The total variation in frequency from the lowest to the highest is called the I 
carrier swing => CS - 2xAl ~ 

Side Bands 

FM wave consists of an Infinite number of side frequency components on 

each side of the carrier frequency fe• fe ± fm• fe ± 2fm. fe ± 3fm• & so on. 

f 
" • i 
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Amplitude Modulation Frequency Modulation 
1 The amplitude of FM wave is 1 The amplitude of AM signal 

constant, whatever be the varies depending on 
modulation index. mOdulation index. 

2 h r"'luire much wider channel 2 Band width· is very small 
(Band width) [7 to 15 timesl as (One of the biggest 
compared to AM. advantaqe). 

3 Transmitters are complex and 3 Relatively simple and cheap. 
hence expensive. 

4 Area of reception is small since 4 Area of reception is Large. 
it is nmited to 'ne of sight. [lhis 
limits the FM mobile 
communication eNer a wide 
area) 

5 Noise can be easily mininised 5 h is difficult to enrninate 
amplitude variation can be effect of noise. 
elminated by using limiter. 

6 Power contained in the FM 6 Most of the pCNJer which 
""ve is usefu!' Hence fu ll contained in carrier is not 
transmitted po"",r is useful. usefu!' Therefore carrier 

pCNJer transmitted is a 
waste . 

7 The average power is the same 7 The average po"",r in 
as the carrier wave. modulated wave is greater 

than carrier w,.ver. 
8 No restriction is placed o n 8 Maximum m "'" 1 . otherwise 

mOdulation index (m). eNer modulation (m > 1) 
lAA>u1d resuk in distortion. 

9 h is p:>ssible to operate several 9 h is not possible to operate 
independent transmitter on witrout interference. 
same frequencv. 

MODEM : 

The name modem Is a contraction of the terms ModuJator and Demodulator. 
Modem is a device which can modulate as well as demodulate the signa!. 

FAX ( Facsimile Telegraphy) 

FAX is abbreviation for facsimile which means exact reproduction. The 
electronic reproduction of a document at a dlstnace place Is called Fax. 
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26 (a) SOME FUNDAMENTAL CONSTANTS 

• 
~ 
t • 
I 

I • 
i 

Gravitational constant (G) 

Speed of light In vacuum (c) 

Permeability of vacuum (~o) 

Permittivity of vacuum (co) 

Planck constant (h) 

Atomic mass unit (amu) 

Energy equivalent of 1 amu 

Electron rest mass (m,1 

Avogadro constant (NAI 

Faraday constant (F) 

Stefan-Boltzman constant (cr) 

Wlen constant (b) 

Rydberg constant (R.l 

T liple point for water 

Molar ""Iume of Ideal gas (IIffi') 

6.67 X 10-11 N m' kg-' 

3 x 10' ms-! 

4n x 10-1 H m-! 

8.85 x 10-12 F m-! 

6.63 x 10-34 Js 

1.66 X 10-21 kg 

931.5 MeV 

9.1x 10-3! kg ~ 0.511 MeV 

6.02 x 1023 mol-! 

9.648 x 10' C mol-! 

5.67 x 10" W m-' K" 

2.89 x 10-' mK 

1.097 x 10' m-! 

273.16 K (0.01"C) 

22.4 x 10" m' mol-! 

. L-____ ~~~ __ ~--------------~ 
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0 A --> ampere • 
0 A --> angstrom 
0 , amu --> . atomic mass unit 
0 atm --> atmosphere 
0 Btu --> British thermal unit 
0 C --> coulomb 
0 OC --> degree Celsius 
0 cal --> calorie 
0 deg --> degree (angle) 
0 eV --> electronvolt 
0 F --> farad 
0 fm --> femtometer 
0 ft --> foot 
0 G --> gauss 
0 g --> gram 
0 H --> henry 
0 h --> hour 
0 hp --> horse power 
0 Hz --> hertz 
0 J --> joule 
0 K --> kelvin 
0 m --> meter 
0 min --> minute 
0 Mx --> maxwell 
0 Oe --> oersted 
0 Pa --> pascal 

$ 0 0 ohm --> ~ 
0 rad --> radian ~ 0 s --> second ! 0 s --> siemens 
0 T --> tesla i 0 V --> volt 
0 W --> watt :;; 

Wb weber • 0 --> i • 
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a Abbe number 

Reciprocal 01 the dispersive power of a substance. 

a Absorption Coefficient 

Measure of rate of decrease In intensity of em radiation when it is passes through 
the given substance. 

a Admittance 

Reciprocal of impedance . It refers to the measure of the ability of a cirOlit 
to conduct an alternating current. 

a Aclinic line 

The line Joining the places of zero dip. This line is also known as magnetic 
equator and goes nearly side by side with geographical equator. 

a Acoustics 

Branch of physics that is concerned with the study of sound & sound waves. 

• Actinometer 
Instruments for measuring the intenSity of em radiation. 

a Agonlc line 

The line of zero declination. 

• Albedo 
Ratio of the amount of light reflected from a surface to the amount of incident 
light. 

a Alfa-decav 

• 

A form of radioactive decay where a radioactive nuclei spontaneously emits 
a-particles (nuclei of ,He') 

Alternator 

Any device that is used to generate an alternating current. 

t a Altimeter An electronic device that Indicates altitudue above the surface of 
earth. 

! a 

i 
< 
• a • i 

Amalgam 

An alloy (a material consisting of two or more elements e.g. brass is an alloy 
of Cu and Zn, steel Is an alloy of iron & carbon) one of whose constituents 
is mercury (Hg) 

Ammeter 

An instrument used to measure electric current. 

" ~------------------2~1~3~----------------~ E 
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• Ampere-hour 
A practical unit of electric charge equal to the charge flowing in one hour through 
a conductor passing one ampere. It is equal to 3600 coulombs. 

• Ampere-rule 

A rule that relates the direction of the electric current passing through a conductor 
and the magnetic field associated with it. The rule states that if the electric current 
is moving away from an observer, the direction of the lines of force of the 
magnetic field surrounding the conductor is clockwise and that If the electric 
current is moving towards an observer, the direction of the lines of force is counter 
clockwise. 

• Amorphous 

A solid that is not crystalline i.e. one that has no long range order in its lattice . 
Example : Glass. 

• Amplifier 
A device that Increases the strength of an electrical signal by drawing energy 
from a separate dc source to that of the signal. 

• Anisotropic 

Substance shOwing different physical properties In different directions. 

• Aperture 
The size of the opening that admit light in an optical instrument. The effective 
diameter of mlrror and lens. 

• Aphelion 

The farthest point in the orbit of planet, comet and artificial satellite around 
the sun. The earth is at aphelion on about july 3. 

• Apogee 
Maximum distance of a sateUite from the earth during its orbit around the earth. 

• Asteroids or minor planets 

Small bodies that revolve around the sun. 

• Astrology 
I 
i Branch of science that is concerned with the study of influe nce of heavenly i 

bodies on human affairs. ,s-

• 

• 

Astronomical unit AU 

A unit of distance in astrology in the solar system. It is equal to the mean distance 
of sun from earth (- 1.496 xlO ll m) 

Astronomy 

f 
i , 
• ~------------------~2~1~4------------------~ 

The study of the universe beyond the earth's atmosphere. 
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• Atomic clock 

A highly accurate clock. It Is regulated by the resonance frequency of atoms 
or molecules of certain substances such as cesium. 

• Atomic mass unit (a.m.u.) 

A unit of mass used to express "relative atomic masses. It is 1/12 of the mass 
of an atom of the isotope carbon·12 and Is equal to 1.66033 x 10'" kg. 

• Atomlser 

A device that is used for reducing liquid to a fine spray. 

• Aurora 

An intermittent electrical discharge that takes place in rarefied upper 
atmosphere. Charge particles in the solar wind (or cosmic - rays) becomes 
trapped in the earth's magnetic field and move in helical paths along the lines 
of force between the two magnetic poles. The intenSity of the aurora is greatest 
in polar regions although it is seen in temperate zones. 

• Autotransformer 

A transformer having a single winding instead of two or more Independent 
windings. 

• Avogadro constant 

Symbol N A' The number of atoms or molecules in one mole of substance. 
it has the value 6.0221367 (36) x 10" . Formerly It was called Avogadro's 
number. 

• Avogadro's Law 

• 

Equal volumes of all gases contain equal numbers of molecules at the same 
pressure and temperatue. The law, often called Avogadro's hypothesis, is true 
only for ideal gases. it was first proposed in 1811 by Amadeo Avogadro. 

Ballistic galvanometer : 

A device used to measure the total amount of charge that passes through 
a circuit due to a momentary current. 

t • Band spectrum 
~ 

i 
l • 

i · 
5 • , 

In such a spectrum there appears a number of bands of emitted or absorbed 
radiations. This type of spectrum are characteristic of molecules. 

Band width 

It refers to the width of the range of frequencies. 

Barn 

A unit of area & generally used for measuring nuclear cross section (1 bam 
_10-28 m' ) 
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• Barometer 

A device used to measure atmospheric pressure. 

• Becquerel 

1 
51 unit of radio-activity (lBq - 1 disintegration/sec. - 3.7 x 1010 curle) 

• Bel 
Ten decibels (10 dB) 

• p-rays 

A stream of ~-partlcles (fast moving electrons) 

• Betatron 

A device used to accelerate the electrons. 

• Bevatron 

An accelerator used to accelerate protons and other particles to very high 
energies. 

• Binary star 

A system of two stars which revolve around a common centre of gravity. 

• BIndIng energy 

The energy reql.dred to separate the nucleons (protons & neutrons) of a nucleus 
from each other. The binding energy per nucleon Is least for very Ught and 
very heavy nuclei and nearly constant (- 8 MeV/ nucleon) for medium nuclei. 

• Bipolar transistor 

• 

A transistor that uses two type of charge carries (electrons & holes) for Its 
operation. 

Black body 

A perfectly black body is one that absorbs completely all the radiations failing 

• 
on It. Its absorptance and emissivity are both equal to 1. ; 

Black hole (collapsar) -

• 

• 

An aStronomical body having so high gravitational field In which neither matter i 
particles nor photons can escape (they captured permanently from the outside) 1 
Bolometer 

A device used to measure amount of radiation by means of changes In the 
resistance of an electric conductor caused due to changes In its temperature. 

Boson 

An elementary particle with Integral spin. ex. : photon. 

f 
;; 
• 
1 
;; 
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• Bragg's law 

When an X - ray beam of wavelength I. is incident on a crystal of interplaner 
spacing d at grazing angle [complement of the angle of Incldencel then the 
direction of diffraction maxima are given by 2d sine ~ nl., which Is known 
as Bragg's law. 

• Brewster's law 

The extent of the polarization of light reflected from a transparent surface 
is a maximum when the reflected ray Is at right angles to the refracted ray. 
The angle of incidence (and reflection) at which this maximum polarization 
occurs is called the Brewster angle or polarizing angle. 

Incident ray 
Reflected Ray 

AldP -l)=mm'77im~fn:m'77i'77i7777 

Reff'8cted 

• British Thermal Unit (BTU) 

Quantity of heat required to raise the temperature of 1 pound of water thorugh 1 "C. 

• • Bulk modulus (K) 

stress 
K--,.---

volume strain 

• Calibration 

cl' 1 
(/'N I V) compressibility 

It is the process of determining the absolute values corresponding to the 
graduations on an arbitrary or Inaccurate scale on an Instrument. 

i 
! • Calipers , 

i 
J • 

I · • • i 

An instrument used for measuring internal and external diameters. It Is a 
graduated rule with one fixed and one sliding Jaw. 

Caloric theory 

It regards heat as a weightless nuid. It has now been abandoned. 

Calorie 

It is equal to the amount of heat required to raise the temperature of 1 gram 
of water thorugh 1 ·C. 1 cal - 4.2 Joules. 
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• Calorific value 

The quantity of heat liberated on complete combustion of unit mass of a fuel. 
The detennination Is done In a bomb calorimeter and the value is generally 
expressed In J kg-I . 

• Calorimeter 
An instrument used for measuring quantity of heat. It consists of an open 
cylinderlcal container of copper or some other substance of known heat 
capacity. 

• Calorimetry 
It Is the study of the measurement of quantities of heat. 

• Canal rays, Anode rays, Positive rays : 
Positively charged rays produced during the discharge of electricity In gases. 

• Candela 
It is a S.1. unit of luminous Intensity. It Is equal to 1/60 of the luminous IntenSity 
of a square centimeter of a black body heated to the temperature of solidification 
of platinum (1773.5OC) under a pressure of 101325 N/m' In the perpendicular 
direction . 

• Cannon 
A mounted gun for firing heavy projectiles. 

• Capacitor 
It Is a device which Is used for storing electric charge. It consists of two metal 
plates separated by an insu1ator. It is also known as condenser. 

• Capacitive reactance 

• 

It Is the opposition offered by a capacitance to the flow of aiternatlng current. 

1 
Xc = 2nfC Where 

Xe - capacitive reactance in ohms 

f - frequency In cycles/sec 
C - capacitance In farads 
CapUlary action or Capillarity i 

! 
The phenomenon of rise or fall of a liquid In a capillary tube when It Is dipped " 
in the liqUid. Due to this the portion of the surface of the liqUid coming In f 
contact with a solid Is elevated or depressed. g 

• Carat 
• A measure of fineness (purity) of gold. Pure gold Is described as 24-carat 
gold. 14-carat gold contains 14 parts in 24 of gold, the remainder usually being 
copper. 
• A unit of mass equal to 0.200 gram, used to measure the masses of diamonds 
and other gemstones. 

f 
~ , 
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• CapUiary tube 

A tube having a very small internal diameter. 

• Carbon dating 

It Is a method used to detennlne the age of materials that contain matter of 
living organism. It consists of determining the ratio of 126C to l\C. 

• Carbonize 
Means to enrich with carbon. 

• Camot cycle 

• 
• 

• 

• 

• 

It is a reversible cycle and consists of two lsothennal (A ..... Band C ..... D) & 

two adiabatic (B ..... C, D ..... A) changes. 

Camot theorem 

The efficiency of a reversible heat engine (carnot engine) working between 
any two temperatures Is greater than the efficiency of any heat engine working 
between the same two temperatures. 

The efficiency of a reversible heat engine depends only on the temperature 
of the source and the sink and is Independent of the working substance. 

Cathode 

The electrode that emits electrons or gives off negaUve Ions and toward which 
positive Ions move or collect In a voltaic cell. electron or X-ray tube etc. 

Cathode ray 

'i The rays emitted In a discharge lube when the pressure faUs to about 10-< 
! mm of mercury. 

i · Cathode-ray oscIlJoKOpe or CRO t An Instrument based on the cathode-ray lube that prO<lides a visual Image of 
~ electrical signals. 

t • Cathode ray tube 
I A vacuum tube generating a focussed beam of electrons that can be deflected 
i by electric and magnetic fields. 

I · Cation 
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, • Cauchy dispersion formula 

A formula for the dispersion of light of the form, n = A + (~) + (;,) , 

where n is the refractive index, ). the wavelength, and A , B, and Care 
' constants. Sometimes only the first two terms are necessary. , 

• Centre of buoyancy 
It is the point through which the resultant of the buoyancy forces on a submerged 
body act, it coincides with the centre of gravity of the displaced fluid. 

• Centre of gravity 
It is the point through which the weight of the body acts. It is the point where 
the whole of the weight of the body may be supposed to be concentrated . 

• Centre of mass 
For any system it is the point at which the whole of the mass of the body 
(or system) may be considered to be acting for determining the effect of some 
external force . 

• Cerenkov radiation 
Electromagnetic radiation, usually bluish light, emitted by a beam of high-energy 
charged particles passing through a transparent medium at a speed greater than 
the speed d light in that medium. It was discovened in 1934 by the Russian 
physicist Pavel Cerenkov (1904). The effect is similar to that of a sonic boom 
when an object moves faster than the speed of sound ; in this case the radiation 
is a shock wave set up in the electromagnetic field. Cerenkov radiation is used 
in the Cerenkov counter. 

• Chip 
A very small semi-conductor having a component (tranSistor, resistor, etc.) 
or an Integrated circuit. 

• Choke 

• 

It is a coil of high inductance and low resistance which is used to block or 
reduce the high frequency 'components of an electrical signal. 

Chromatic: abeiiallon : It is a defect of the image formed by a lens (but not a mirror), in which different " 
colours come to focus at different points. It can be corrected by using a suitable i 
combination of lenses. i 
Circuit breaker • 

• 

It is' a device that is used for interrupting an electric circuit when the current 
becomes excessive. 

C1as.lc:aI physics 

Refers to the physics that has been developed before the introduction of 
quantum theory. 
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• Classical mechanics 
The branch of mechanics based on NeWton's laws of motion. It is applicable to 
those systems which are so large that In their case Planck's constant can be 
neglected. 

• Closed end organ pipe 
In these case one end of the pipe is closed. In them first hannonic Is given 
by l./4. In such cases only the odd hannonlcs are produced and even hannonics 
are missing. Fundamental frequency - v/4t 

• Coefficient of expansion 

• 

• 

• 
• 

• 

• 

• 

It is the increase in unit length, area or volume per degree rise in temperature. 

f 
Coeffldent of friction ~ = R 

Where 

Also 

f = Limiting friction . R = Nonnal reaction 

~ - tan 9 ; where 9 - angle of friction 
Coefficient of restitution 
The ratio of the relative velocity of two bodles after direct Impact to that before 
impact. 

Coefficient of mutual Inductance 
It is numerically equal to the magnetic flux linked with one circuit when unit 
current flows through it. The effective flux N. linked with secondary circuit 
is given by N.-Mi 

It is numerically equal to the e,m,f. induced in one circuit when the rate of change 
of current In the other is unity. The e.m.!. Induced In a secondary coil, when the 

di di 
rate of change of current with time In primary coil is dt Is given by, e. - M dt 

Coeffident of thermal conductivity (K) 
It is the amount of heat flowing in one second across the 1m2 area, of a 1 
metre rod, maintained at a temperature difference of 1°C. . 

Coefficient of viscosity 

i · 
It is the tangential force required to maintain a unit velocity gradient between two 
layers of unit area. Its units are Nsm-2 or polseulle or decapotse. 

Coefficient of self - Induction 

• It Is numerically equal to the magnetic flux linked with the coil when the 
unit current flows through it. The effective flux N is given by N - U where 
i '"' curent flowing through the circuit. 

f • • i • 
E 

• It is numerically equal to the e.m.!. Induced in the circuit when the rate 
of change of current is unity. 

• It is numerically equal to twice the work done against the induced e.m.!. In 
establishing unit current in the coii. 
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• Coercive force 
It is the magnetic Intenstiy required to reduce the magnetic induction in a 
previously magnetised material to zero. 

• Complementary colours 

A pair of colours which, when combined give the effect of white light. A large 
number of such pairs are pesslble. 

• Compound microscope 

A microscope consisting of an objective lens with a short focal length and 
an eye piece of a longer focal length, mounted In the same tube. 

• Compound pendulum 

In such a pendulum the moment of the restoring force is t - mgd sine If e 
(in radians) Is sufficiently small, then t - - mgd e. Time period of such a 

pendulum Is T-2 nJM~ -2nH 
• Compton effect 

The phenomenon according to which the wave length of radiation scattered 
by a particle Is greater than that of the original radlalton is called compton 
effect. 

• Condensation 
A change of state from vapeur to liqUid. In this state -the vapeur pressure 
becomes equal to the saturated vapeur pressure (SVP) of liquid state. 

• Conductance 
It Is the reciprocal of resistance. It Is the ability of a conductor to transmit 
current. Its unit is mho, ohm-J or siemens. 

• Conduction 
A method of heat transfer. In this mode of heat transfer the particles do not 
move. 

• 

• 

Conservation of angular momentum t 

In the absence of any external torque the total angular momentum of a system 1; 
remains unchanged. ~ 

Conservation of charge 

• 
For an isolated system the total charge remains constant. 

Conservatllon of linear momentum 

In the absence of any external force the total linear momentum of the system 
remains constant. 
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The total energy of a closed system, viz., rest mass energy + kinetic energy 
+ potential energy remains constant. This principle treats the rest mass as 
energy. The rest mass energy of a particle having rest mass rno is mo c2• 

• Conservative field 

It is that vector field for which the line integral depends on the end points 
of the path only and is independent of the path. A conservative field can always 
be expressed as the gradient of a scalar field. 

• Constantan 

An alloy containing about 50% copper and 50% nickel having a comparatively 
high resistance and low temperature coefficient of resistance. 

• Convection 
A mode of heat transfer. In this mode the movement of particles occur. 

• Corona discharge 

A discharge, generally luminous, at the surface of a conductor or between two 
conductors of the same transmission line. 

• Corpuscular theory of light It assumes that light travels as particles or 
corpuscles. It Is useful to explain reflection , refraction etc. It can not explain 
diffraction . polarisation etc. 

• Cosmic rays 
These are high energy radiations . These consist of protons and some (1-

particles, electrons and other atomic nuclei and ,(-rays reaching the earth from 
space , 

• Cosmology 
The branch of astonomy that deals with the evolution, general structure, and 
nature of the universe as a whole. 

• Critical mass 

It is the minimum mass of a fissile material that will sustain a chain reaction. 
t • 
~ 

Critical pressure 

i . 
! 

i · • ;; 

It Is the saturated vapour pressure of a liqUid at Its critical temperature. 

Critical temperature 

It Is the temperature above which a gas can not be Iiqulfled by Increasing the 
pressure alone. 

Critical velocity 

The velocity of fIuld flow at which the motion changes from laminar to turbulent 
flow. 

i 
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• Critical volume 
The volume of a certain mass of substance measured at critical pressure and 
temperature. 

• Cryogenics 
The study of the production and effects of very low temperatures. A cryogen 
Is a refrigerant used for obtanlng very low temperatures. 

• Cryometer 
A thennometer designed to measure low temperatures. 

• Curle 
A unit to measure the activity of a radioactive substance (see radio activity) 
It Is the quantity of radon In radioactive equilibrium with 1 g of radium. Also 
defined as that quantity of a radioactive isotope which decays at the rate of 
3.7 x 1010 disintegrations per second. Named afler Madame Curie (1867-1984). 

• Curie's law 

The value of (X) susceptibility of a paramagnetic substance Is Inversely 
, 

1 
proportional to its absolute temperature X <X T 

• Cyclotron 
An accelerator In which particles move In a spiral path under the InOuence 
of an alternating voltage and a magnetic field. 

• Daughter nucleus 
Refers to the nucleus that results from the radioactive decay of another nucleus 
known as parent nucleus. 

• Dead beat galvanometer 

• 

A galvanometer which Is damped so that its oscillations die away very quickly. 
In such galvanometer Its resistance Is less than Its critical damping resistance. 

De broglie wavelength 

The wavelength of the wave associated with a moving particle. The wavelength 
(,) is given by A - hl mv, where h is the Planck constant, m Is the mass of J 
the particle, and v its velocity: The de Broglie wave was first suggested by -
the French physicist Louis de Broglie (1892-) In 1924 on the grounds that j 
electromagnetic waves can be treated as particles and one could therefore expect ! 
particles to behave in some circumstances like waves . The subsequent 
observation of electron diffraction substantiated this argument and the de Broglie _!_

wave became the basis of wave mechanics. j 
• Debye length 

It Is the maximum distance at which coulombs fields of charged particles In 
a plasma may be expected to interact. 
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• Deca 
Symbol; The prefix meaning 10, e.g. 1 decameter=10 metres. 

• Dec! 
A prefix measuring 10-1 

• Decibel dB 

A unit for expressing the Intensity of a sound wave. It Is measured on a logarithmic 
scale. 

• DeclinatIon 
• The horizontal angle between the directions of true north and magnetic north. 

• Delta-ray 

A low energy electron emitted by a substance after bombardment by high energy 
particles (e.g. IX-particles) 

• Degrees of freedom 

The number of independent cO-<Jrdinates needed to define the state of a system. 

• Demagnettsatlon 

To remove the ferromagnetic properlles of a body. It can be done by disordering 
the domain structure . 

• Deutron 

Nucleus of deuterium atom. It consists of one proton and one neutron. 

• Dew 
Water droplets formed due to condensatlon of water vapour In the air when 
the temperature of air drops so that the quantity of vapour present at that 
temperature reaches saturation. 

• pew point 

• 

• 

• 

It is the temperature to which air must be cooled for dew to form . At this 
temperature air becomes saturated with water vapours present in it. 

Dew potnt hygrometer 

It is an instrument used for determination of relative humidity . 

Diamagnetic substances 

Refers to those substances that have a negative value of susceptibility. They are 
repelled when plaoed in a magnetic field. 

Diamagnetism 

Diamagnetic substances when plaoed In a magnetic field get feebly magnetised 
in direction opposite to that of magnetising field. This property of diamagnetic 
substances is known as diamagnetism. 
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• Dielectric 

Refers to an Insulator, a non-conducting substance. 

• Dielectric constant (Relative pennlttlvtty) 

Absolute permittivity of the medium E 

Dielectric constant Absolute permittivity of vacuum - -;;- ~ E, ~ K 
o 

• Dielectric strength 

Refers to the maximum electric field that a dielectric Is capable of withstanding 
without 6 break down. 

• Diffraction 

It refers to the bending of light round an obstacle. 

• Diffraction grating 

A glass plate with a very large number of closely spaced parallel lines (usually 
more than 5000 to the inch) scrapped across It. 1hese are used for diffracting 
light to produce optical spectra. 

• Diffusion length 

• 

• 

• 

It is the average distance that Is travelled by minority carriers between generation 
and recombination In a semiconductor. 

Dloptre 

It is a unit of measurement of the refractive power ef a lens. It Is equal to 
the reciprocal of the focal length of a lens expressed In metres. 

Dip, Inclination (+) 

The dip at a place Is the angle which the earth's field makes with earth's surface 
at a place. 

Dip circle 

It is an Instrument that Is used to measure the angle 01 dip at a place. It consists 
of a magnetic needle mounted in such a way that It can rolale In a vertical I.i 
plane. The angle is measured on a circular scale. 

• 

• 

Dipole 

Refers to two equal and opposite electric chaJges (or magnetic poles) separated 
by a distance. 

Dipole moment 

It Is equal 10 the product 01 pole ~ ... tile __ ............ eIedrie 
dipole. 

f 
f 
~ , 
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a DIspersIon 

The separation of white light into Its 
constituent colours by refraction or 
other means is called dispersion of light. --:r~~;:::R"" 

Vellow 
• DispersIve power 1m) BL-----'C"'" 

Dispersive power of the material of the prism is given by 

(!)., Il b - J.1
1 

f for blue & red rays. Where J.l
b 

and J.l are the refractive indices 
• ~_ f 

of blue and red rays respectively and ~ is the refractive index for yellow rays. 

• DopIng 
It refers to the process of adding some amount of Impurities in seml·conductors 
to achieve a desired conductivity. 

a Double refractIon 

When a beam of light is incident on certain matertals, It breaks it into two 
plane polarised beams with their plane of polarisation perpendicular to each 
other. The two beams have different velocities in the medium. This 
phenomenon is called double refraction. 

• Dry Ice 
Solid carbon dioxide. 

• Ductility 
Property by which metais are capable of being, drawn in wires. 

a Dulong and Petit's law 

• 

It states, "The product of atomic weight and specific heat of a solid element 
is approximately 6.4". 

Dynamo 

An electric generator. It produces direct current by converting mechanical 
energy Into electrical energy. It consists of a strong electromagnet between 
the poles of which an armature is rotated, consisting of a number of coils 
suitably wound. It is based on the principle of electromagnetic induction. 

Earthing 

Refers to connecting an electrical conductor to earth which is assumed to have 
zero electric potential. 

Earth's atmosphere 

The gas that surrounds the earth. The composition of dry air at sea level is 
: nitrogen 78.08%, oxygen 20.95%, argon 0.93%, carbon dioxide 0.03%, neon 
0 .0018%, helium 0.005%, krypton 0.0001%, and xenon 0.00001% . In 
addition to water vapour, air in some localities contains su1phur compounds, 
hydrogen peroxide, hydrocarbons, and dust particles . 

• L-__________ ~----__ ~--------------~ 
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• Eclipse 
To prevent light lrom a source reaching an object. It relers to shadowing one 
heavenly body by another. In solar eclipse shadow of the moon faUs on the 
earth when the sun, moon and earlh are in line. In lunar eclipse shadow 
of the earth falls on the moon, when the earth Is In between the sun and 
the moon. 

• Efficiency 
The ratio of the useful energy output to the total energy Input in any energy 
transfer. It Is often given as percentage and has no units. 

• Effusion 
The flow of gas through a small aperture. 

• Einstein's equation 

Refers to the equation, maximum KE~. - hv - ., for the kinetic energy of 
electrons which are emitted in photoelectric eflect, v the frequency of incident 
radiation and ~, the work function of the photomaterlal upon which the radiation 
Is Incident. 

• Einstein's law 

Mathematically It can be expressed as E - mc'. 

• Electric motor 
A device that converts electrical energy into mechanical energy. 

• E1ectroaordiograph (ECG) 

• 

• 

It is a sensitive instrument that records the voltage and current waveforms 
associated with the action of the heart. The trace obtained Is called 
electrocardiogram. 
Electroencephalograph (EEG) 

A sensitive instrument that records the voltage wavelorms associated with the 
brain. The trace obtained Is called electroncephalogram. 

Electrogen 

A molecule that emits electrons on being !IIumlnate~. t 

• 

• 

• 

Electron microscope ~ 

It Is a type of microscope in which an electron beam is used to study very i 
minute parl!c1es. I 
Electromagnet 

A magnet formed by winding a coil of wire around a piece of soft Iron. It behaves I 
as a magnet as long as the current passes through the coil. I 
Electrometer " 
An instrument that Is used for determining the potential difference between 
two charged bodies by measuring the electrostatic force between them. " ! 
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• Electroscope 

A device consisting of two pieces of gold leaf enclosed in a glass walled chamber. 
It is used for detecting the presence of electric charge or for detennining the 

sign of electric charge on a body. 

• Electrostatic shield 

A conducting substance which protects a given apparatus against electric fields . 
It consists of a hollow conductor and completely surrounds the apparatus to 
be shielded. 

• Emissivity 
The ability of a surface to emit radiant energy compared to that of a black 
body at the same temperature and with the same area. 

• Emissive power 

The total energy emitted from unit area from the surface of a body per second. 

• Enthalpy (H) 

H - E - PV, H - U + PV 

WhereU - Internal energy of the system. 

P - Pressure and V - Volume 

• Entropy (5) 

A measure of the degree of disorder of a system. An increase in entropy is 
accompanied by a decrease in energy availability. When a system undergoes 

a reversible change then liS = IIi . The importance of entropy is that in any 

thermodynamic process that proceeds from one equilibrium state to another, 
the entropy of system + environment either remains unchanged or increases. 

• Evaporation 

• 

• 

The change of state from liqUid to gas which can occur at any temperature 
upto the boiling paint. If a liquid Is left in an open container for long enough 
it will all evaporate. 

Extrinsic semi-conductor 

A semi-conductor in which the carrier concentration is dependent upon extent 
of impurities. 

Expansion of the universe 

The hypothesis, based on the evidence of the 'redshilt, that the distance 
between the galaxies is continuously increasing. The original theory, which 
was proposed in 1929 bY Edwin Hubble (1889-1953), assumes that the galaXies 
are flying aprt like fragments from a bomb as a consequence of the big bang 
with which the universe originated. 
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• Fall-out (OT radioactive fall-out) 

Radioactive particles deposited fTom the atmospheTe eltheT from a riucleaT 
explosion OT from a nucieaT accident. Local, fall-out , within 250 km of an 
explosion, falls within a few houTs of the explosion. TTopospheTlc fall-out 
consists of fine particles deposited all Tound the earth In the approximate latitude 
of the explosion within about one week. Stratospheric fall-out may fall anywheTe 
on earth oveT a period of years. 

• Faraday's law of electrolysis 

FlTst Law W-Zit 

WheTe 

W 

Z 

Wt. of Ions IibeTated fTom an electTolyte. 

E1ectTochemical equivalent (E.C.E.) 

TIme In seconds for which current is passed 

Current in amperes 

• Faraday's Law of electromagnetic induction 

• 

• 

• 

• WheneveT the numbeT of lines of fOTce linked (flux) with any closed ciTcult 
changes and induced current flows thTough the ciTcult which lasts only so long 
as the change lasts. 

• The magnitude of induced e.m.!. pToduced In a coil Is diTectly proportional 

d+ 
to the Tate of change of lines of fOTce thTeading the coil e a: dt; wheTe 

+ - flux (OT numbeT of lines of fOTce thTeadlng the clTcult) 

Fahrenheit scale of temperature 

On this scale the melting point of ice is 32"F and the boiling point of wateT 
is 212"F The distance between these two points is divided In 180 equal parts, 

C 
each part being 1 "F. It is Telated to centigTade scale as 

1,00 

K-capture 

F-32 
180 

Hefers to an absorption of electron from the Innermost (K-shell) shell of an 
atom Into its nucleus. 

Karat (US) 

It Is a unit used to specify the pUTlty of gold. a pUTe gold is 24 KaTat gold. 
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• Kepler's Jaw 

• The planets move around the sun in elliptical orbits with the sun at one focus 
of the ellipse . 

• The radius vector from the planet to the sun sweeps out equal areas in equal 
intervals of time. 

T' 
• The ratio of ,. -constant , where T is the period of the planet's orbit around 

a 

the sun and a is the semi- major axes of the ellipse. 

• Kilo watt-hour (kWh) 

It Is a practical unit of work (or energy). It is equal to the energy supplied by 
one kilowatt of power in one hour. 

1 kWh - 3.6 x 10' joule. 

• Kinetic friction 

Refers to the friction that acts on a body when it Is moving over a second 
body. 

• Kirchhoff's law (Electrostatics) 

• First Law : It is also known as Junction rule. It states, "The algebraic 
sum of the currents at a given junction in a circuit Is zero". Li .... O. Thus there 
could be no accumulation of current at any point In the circuit . 

• Second law: It is also known as loop rule "In a closed circuit, the algebraic 
sum of the products of the current and the resistances of each part of the circuit 
is equal to total emf in the circuit. "kiT - rE 

• Kirchhoff's law (Heat) 

• 

• 

For a given temperature and wavelength the ratio of emissive power of a 
substance to Its absorptive power is the same for all substances and is equal 
to the emissive power of a perfectly black body at that temperature. 

Kundt's tube 

It is a giass tube whose one end is fitted with a light adjustable piston and 
its another end is closed by a cap through which passes a metal rod clamped 
at its centre. A smail quantity of lycopodium powder is spread uniformly 
through out the tube. The free end of the rod is rubbed to and fro along its 
length. Stationary waves are produced in the air column in the tube. By 
measuring the wavelength it is possible to calculate the velocity of sound In 
air in terms of the Young's modulus, length and density of the rod and the 
wave length of stationary waves . 

Lactometer 

It is an instrument that is used to find out the specific gravity of milk. 
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• Lambert's law 
The illuminance of a surface that Is Illuminated by a point source of light normally 
Is proportional to 1/r' where r Is the distance between the source and the 
surfance. If the incident rays make an angle 9 with the normal to the ray, 
then the Illuminance is proportional to cos9. 

• laminar flow 

• 

• 

• 

• 

• 

• 

Refers to the flow of a fluid along a stream lined surface without any turbulance. 

laminated Iron 

A piece of iron consisting of thin sheets of Iron. Such a piece of Iron Is used 
for cores of transformers. It helps to minimize losses due to eddy currents. 

Laser 

It stands for light amplification by stimulated emission of radiation. A highly 
powerful, coherent, monochromatic light source. Such light is of great use 
In medicine, telecommunications, industry and holography. 

Latent heat 

Hidden heat. It Is the energy involved In changes of state. In each case, the 
temperature stays constant while the change of state takes place. A similar 
situation exists In the changes from liquid to gas and gas to liquid. The quantity 
of energy transformed from and to the particles during changes of state depends 
on the nature of the substance and its state. 

Lateral inversion 

Refers to the type of Inversion produced In the Image formed by a plane mirror. 
The left hand side appears as right hand side and vice versa. 

latitude 

Refers to the anguiar distance north or south from the equator of a point on 
the earth's surface, measured on the meridian of the point. 

Laws of dynamic friction 

• Dynamic friction is proportional to the normal reaction. It Is less than static 
friction. 

• It does not depend on the velocity If the velocity Is neither too large nor I 
too small. jl 

• Laws of limiting friction a 

I • The force of limiting friction Is directly proportional to normal reaction 
for the same two surfaces in contact and it takes place in a direction which 
is opposite to the direction of the force of the pull. Umiting friction Is maximum 
static friction, it Is less than stalic friction . F '" R (when the body just begins 
to move F - pRj Where p Is coefficient of friction. 

• Umiting friction is independent of the size and shape of the bodies in contact 
as long as the normal reaction remains the same. 
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• Law of gravitation 
According to it, all bodies and particles in universe exert gravitational force on 
one another. The force of gravitation between any two bodies is directly 
proportional to the product of their masses and inversely proportional to the 
distance between them. 

• Laws of intennedlate temperature 
The e.m.!. of a thermocouple between any two temperatures Is equal to the 
sum of the e.m.f. of any number of successive steps in which the given range 

of temp. is divided. Thus If E'n Is the thermo e.m.!. between two temp. t, 
" 

Where the given temp. range is divided between the steps t,. t" t, ..... t,. 

• Ught Emitting Diode (LED) 
This is a Jrn Junction diode and is usually made from gallium arsenide or Indium 
phosphide. Energy Is released with in the LED and this is given off as light. 
The junction is made near to the surface so that the emitting light can be 
seen. No light is emitted with a reverse bias. LED are generally coloured red, 
yellow or green. They are widely used In a variety of electronic devices. 

• Ught year 
It is a unit used to measure the distance between the earth and stars. 1 light 
year - :;165 x 86400 x 3 x 10' m - 9.46 x 10" m. 

• Uquld Crystal 

• 

A substance that flows Uke a liquid oot has some order in its arrangement of 
molecules. Nematlc crystals have long molecules all allgned in the same 
direction, but otherwise randomly arranged. Cholesteric and smectic Iiquld, 
crystals also have aligned molecules, which are arranged in distinct layers, In 
cholesteric crystals the axes of the molecules are parallel to the plane of the 
layers j in smectic crystals they aTe perpendicular. 

Uqukl-<:rystal Display (LCD) 
A digital display unit used in watches, calculators, etc. It provides a source 
of clearly displayed digits for a very low power consumption. In the display 
unit a thin film of liquid crystal is sandwiched between two transparent 
electrodes (glass with a thin metal or oxide coating). In the commonly used 
field-effect display, twisted nematic crystals are used. The nematic liquld crystal 
cell is placed between two crossed poiarizers. Polarized light entering the cell 
follows the twist of the nematic liquid crystal, is rotated through 90', and can 
therefore pass through the second polarizer. When an eiectric field is applied, 
the molecular alignment in the liquid crystal is altered the polarization of the 
entering light is unchanged and no light is therefore transmitted. In these 
circumstances, a mirror placed behind the second polarizer will cause the display 
to appear black. One of the electrodes, shaped In the form of a digit, will 
then provide a black digit when the voltage is applied. 
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• Ussajou's figures 

The loci of the resultant displacement of a point subject to two or more simple 
harmonic motions simultaneously. When the two periodic motions are of the 

. same frequency and are at right angles to each other. The resulting figure varies 
from a straight line to an ellipse depending on the phase difference between 
the two motion. 

• longitude 

It Is the angular distance east or west on earth·s surface. It is measured by the 
angle contained between the meridian of a particular place and some prime 
meridian. . 

• Lumen 

A unit of luminous flux. One lumen Is the luminous flux emitted in a unit solid 
angle by a point source of one-<:andle intensity. 

• Lux 
It is 5.1. unit of illuminance. 1 lux - 1 lumen/ square meter 

• Mach number 

It Is number that indicates the ratio of the speed of arr object to the speed 
of sound In the medium through which the object Is moving. 

• Magic numbers 

Atomic nuclei with 2, 8, 20, 28, 50, 82, 126 neutrons or protOns are quite 
stable. These number are known as maglc numbers. 

• Magnetic axis 

It Is the line Joining the two poles of a magnet Inside Its body. 

• Magnetic element. 

• 

These are the magnetic declination , magnetic dip and the horizontal 
component of Earth's magnetic field which completely define the Earth's 
magnetic field at any point on the Earth's surface. 

Magnetic equator I 
A line perpendicular to magnetic axis and passing through the middle point " 
of the magnet Is called equltorial line or magnetic equator. ! 

• 

• 

Magnetic meridian 

It Is that vertical plane which passes through the magnetic axis of a freely 
suspended magnet. 

MagnetiC storm 

A temporary disturbance of the earth's magnetic field Induced by radiation and 
streams of charged particles from the sun. 
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• Magnetization (M) 

The magnetic moment per unit volume of a magnetised substance. 

B 
B~~(H+M)orM-- -H 

o II. 

Where H Is the magnetic field strength, B is the magnetic flux and Po is constant. 

• Malus law 

It states that the Intensity of light transmitted through an analyser is 
proportionaJ to cos29 where 9 is the angle between the transmission planes 
of the polariser and the analyser. 

• Manganln 
A copper alloy containing 13-18% of manganese and 1-4% of nickel. It has 
a high electrical resistance, which is relatively insensitive to temperature 
changes. It is therefore suitable for use as a resistance wire. 

• Maser 

It is a device that is used for amplifying electrical impulses by stimulated 
emission of radiation. 

• Mass defect (AM) 

It is the difference between the actual nuclear mass and the sum of the masses 
of its constituents nucleons. 

• Mass-Energy equation 

E = mc2• 

• Maxwell Mx. 

It is unit of magnetic flux on C.G.S. system. 

1 Mx - 10-8 Weber 

I . 
One maxwell is equal to magnetic flux through one square centimetre normal 
to a magnetic field of one gauss. 

Maxwell1s fannula 
,; 

i 
• • 
i 
E • ii , 

A formula that connect the relative permittivity Er of a medium and its refractive 
index n. If the medium is not ferromagnetlc the formula is E, = n 2. 

Mayer's relationship : C, - Cv - R Where 

C, = Molar specific heat of gilS at constant pressure 

Cv - Molar specific heat of gas at constant volume 

R - Gas constant _ 8.314 Jk-1 mol-1 

. L-___________________________ ~---------------------~ 
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• Mechanical advantage 
It Is the ratio of output force to the Input force applied to any mechanism. 

W AF Power ann 
-= - = 
P BF Weight ann P x AF ~ W x BF 

• Mels.ner effect 
The failing off of the magnetic flux within a superconductlng metal when It 
is cooled to a temperature below the critical temperature In a magnetic field . 
It was discovered by Walther Meissner In 1933 when he observed that the 
earth's magnetic field was expeUed from the Interior of tin crystals below 3.72 
K, Indicating that as "superconductivity appeared the material became perfectly 
diamagnetic" . 

• Melde'. experiment 
It is an experiment carried out for verification of transverse vibrations of strings. 

• Melting point 
The fixed temperature at which a solid changes Into the liquid state. The melting 
point of Ice Is OOC. Melting point of a solid depends upon pressure. it is also 
called fusion temperature of the liquid. 

• Michelson-Morley experiment 
An experiment conducted by Michelson-Morley In 1881 to show that the 
velocity of light Is not Influenced by motion of medlum through which It passes. 

• Micro 
A prefix denoting 10-<. 

• Micron (p) 

• 

• 

• 

A unit of length 1 ~ - 10-< m. 

Micrometer 

Refers to any device used for measuring minute distances, angles etc . 

Microphone 

An Instrument that can transform the alr pressure waves of sound Into electrical ~ 

signals and vice-versa. It Is used for recording or transmllling sound. ~ 

Mirage i 
An optical phenomenon that occurs .. a result of the bending of light rays -
through layers of air having very large temperature gradients. An Inferior mirage f! 
occurs when the ground surface Is strongly heated and the alr near the ground 
Is much warmer that the alr above. Ught rays from the sky are strongly refracted 
upwards near the surface giving the appearance of a pool of water. A superior 
mirage occurs If the alr close to the ground surface is JOOCh colder than the ;; 
air above. Ught Is bent downwards from the object towards the viewer so that ~ 
it appears to be elevated or floating in the air. I 
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• Mirror equation 

u - distance of object 

v - distance of Image 

f - focal length of mirror 

• M.K.S. system 

System of units having the fundamental units metre, kilogram and second for 
the length, mass and time respectively. 

• Mole 
51 unit of quantity of a substance. Amount of a substance that contains as 
many atoms (molecules, Ions etc.) as there are atoms In 0.012 kg. of carbon-
12. 

• Monochromatic 

• 

• 

• 

• 

~ 
~ . 
! 

f · , . 
i 

Having only one colour. 

Moseley's law 

According to it the frequencies In the X-ray spectrum of elements, 
corresponding to similar transitions are proportional to the square of the atomic 
number of elements. 

Multlmeter 

An instrument that can be used for measuring various electrical quantities such as 
resistance, voltage etc. 

Mutual Inductance 

I! refers to the phenomenon by which a current is Induced In a call circuit 
when current In a neighbouring coli circuit Is changed. Direction of current 
In the secondary coli Is opposite to battery current In primary call (Lenl's law) 

Myopia 

A defect of vision. Anyone suffering with this defect falls to see distant objects 
dearly. The Image of distance object Is formed In front of retina and not on 
retina . It can be corrected by use of concave lens. 

Natural gas 

It Is a mixture of hydrocarbons and Is found In deposlte under the earth's surface. 
I! contains upto 90% Methane. I! Is used as a fuel both In Industry and home. 

Nautical mUe 

It Is a unit of distance used for navigation. 1 nautical mile - 6082.66 feet. 

Negative aystal 

Refers to that crystal In which the velocity of extra ordinary ray Is more than 
the velocity of ordinary ray e.g. calcite. i 
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• Negative resistance 
It Is characteristic of certain electronic devices in which the current Increases 
with decrease in voltage. 

• Neel temperature 

The temperature upto which the susceptibility of antiferromagnetic substances 
increase with Increase In temperature and above which the substance becomes 
paramagnetic. 

• Nemst heat theorem 

It is aiso called the third law of thermodynamics. For a chemical change 
occurlng between pure crystalline so~ds at absolute zero, there is no change 
in entropy. 

• Neutrino 
It Is an elementary particle having rest- mass zero and is electrically neutral. 
It has a spin of 1/ 2. 

• Neutron bomb 

it Is a nuclear bomb. It releases a shower of life destroying neutrons but has 
practically little blast and contamination . 

• Newton 

It Is 5.1. unit of force. It Is equal to the force which produces an acceleration 
of 1 mis' In a mass of 1 kg. 

• Newton's formula for velocity of sound : 

u - ~ Where u - velocity of sound E - Elasticity of medium 

p - density of medium 

• Newton's law of, cooUng 

According to It, the rate of loss of heat from a hot body Is directly proportional 
to the excess of temperature over that of Its surroundings, provided the excess , 
of temperature Is not very large. ! 

• Newton's law of gravitation n 
• 

Every body In this universe attracts every other body with a force which Is 
directly proportional to the product of their masses and Inversely proportional 
to the square of the distance between them. 

m,1'l1:1 m,1'l1:1 
Mathematically F "" -2-; F - G --2 -

r r 
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• Newton's law of motion 
• Itt Law : A body continues to remain in its state of rest or of uniform motion 
tn the same direction in a straight line unless acted upon by some external 
force . 
• 0'" Law : The rate of change of momentum of a body is directly proportional 

to the implied force & takes place in the direction of the force F = ~; = rna 

• Third Law: To every action there is equal and opposite reaction. F12=- F2I 

• Newton's ring 
Refers to alternately dark and bright fringes (Circular) that can be observed around 
the point of contact of a convex lens and a plane reflecting surface. These 
are produced due to interference of light waves reflected at the upper and lo,,",r 
surfaces of the air film separating the lens and the plane surface. 

• Nichrome 
An alloy of nickel, chromium and iron . It has high melting point and large 
reSistivity. It is used for electric resistors and heating element. 

• Nicol prism 
A prism made of calcite. It is used for polarizing light and analysing plane 
polarised light. 

• Normal temperature and Pressure (N.T.P.) 
These are 273 K and 760 mm of mercury respectively. 

• Nuclear fission 

• 

• 

• 

A nuclear reaction in which an atomic nucleus breaks up into two nearly equal 
fragments and evolution of a large amount of energy. 

Nuclear fusion 
A nuclear reaction in which two light nuclei ,combine to form a heavier nuclei 
and evolution of a large amount of energy. 
Nuclear force 
It refers to the strong attractive force that keeps (bind) a large number of nucleons 
bound together In a very small space. It is a short range attractive force and 
is charge independent. Its range is a few fermi. (1 fermi - 10-15 m) 

Nuclear Magnetic Resonance (NMR) 
The absorption of electromagnetic radiation at a suitable precise frequency 
by a nucleus with a nonzero magnetic moment in an external magnetic field. 
The phenomenon occurs if the nucleus has nonzero "spin, in which case it 
behaves as a small magnet, In an external magnetic field, the nucleus's magnetic 
moment vector precesses about the field direction but only certain orientations 
are allowed by quantum rules. Thus for hydrogens (spin of 112) there are two 
possible states in the presence of a field. each with a sligh~y different energy . 
Nuclear magnetic resonance is the absorption of radiation at a photon energy 
equal to the difference between these levels causing a transition from a lower 
to a higher energy state. 
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• Nuclear mass 
It is equal to the sum of masses of protons and neutrons minus the mass defect. 

Mass of nucleus - Z Mp + (A - Z) M. - <!om. 

Z - Atomic number - number of protons 

A - Mass no. or - number of protons + no. of neutrons 

Mp - Mass of proton 

M. - Mass of neutron <!om - Mass defect 

• Nucleons 
Refers to protons and neutrons which are present in the nucleus. They are 
collectively called nucleons. 

• Octave 
The interval between two musical notes whose frequencies are in the ratio 
of 2 , 1. 

• Octet 
Group of eight electrons that constitute the outer electron shell in case of 
an inert gas (except heliuml or any other atom/ion. 

• Odd-odd nucleus 
A nucleus which contains the odd number of protons and odd number of 
neutrons. 

• Oersted 

• 

• 

A C.G.S. unit for magnetic field strength. 1 Oersted -
103 

4" Nm. 

Ohm's law 
It states, "current flowing through a conductor is directly proportional to the 
potential difference across its ends. If temperature and other physical 
conditions remain unchanged" , 

Opactty 
It is the rectprocal of the transmittance of a substance. H is a measure of the 
extent to which a substance is opaque. I 
Opaque i • 

• 
A substance that is not transparent or....nich does not allow light to pass through it. a 
Optical activity I 

f 
It is the property of certain substance to rotate the plane polarized light ....nen 
it passes through their solution. The substances are classified as dextro--rotatory 
or leavo rotatory depending on whether they rotate it towards right (dextrol 
or left Oeavol. The rotation produced depends upon the length of the medium 
and concentration of the solution. It also depends on the wave length of light 
used. 

~ 
i 
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• Optical pyrometer 
A pyrometer where In the luminous radiation from the hot body is compared 
with the from a known source. The instrument measures the temperatUre of 
a luminous source without thermal contact. 

• Optimum 
Refers to most favourable conditions for obtaining a given result. 

• OscUlation magnetometer 
It is an instrument where in a freely suspended magnet is made to vibrate in 
a magnetic field (of earth). The time period of vibration of this instrument is 

given by T - 2'~M~ 
• Overtones 

Refers to the tones or frequencies emitied by a system besides Its fundamental 
frequency are called overtones. Generally the Intensity of overtones is lower 
than that of the fundamental. 

• Packing fraction 
The algebraiC difference between the relative atomic mass of an isotope and 
its mass number divided by the mass number. 

• Pair production 
It refers to the simu1taneous production of an electron and its anti-particle 
(positron) from a gamma ray photon. The minimum energy that such a photon 
must have in 1.02 MeV. 

• Paramagnetic 
Refers to the magnetic nature of substances. Paramagnetic substances are those 
substances in which the magnetic moments of the atoms have random directions 
until placed in a magnetic field. When placed In a magnetic field they possess 
magnetisation in direct proportion to the magnetic field and are weakly 
magnetised. If placed In a non-unlform magnetic field, they move from weaker 
parts to stronger parts of the field. 

• Paraxial rays 
Refers to those incident rays which are parallel and close to the axis of a lens. 

• Parent nucleus 
Any nucleus that undergoes radioactive decay to form another nucleus. The 
nucleus resulting by radioactive decay of the parent nucleus is called daughter 
nucleus. 

• Parsec 
k is an astronomical unit of distance 1 parsec - 3.0857 x 10" m. or 3 .2616 light 
years. It corresponds to a parallel of one second of arc. The distance at which 
the mean radius of the earth's orbit subtends an angle of one second of arc. 
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• Pascal (Pal 

The S.1. unit of pressure. 1 Pa - 1 Newton/metre' 

• Pascal's Jaw 

In a confined fluid , externally applied pressure is transmitted uniformaly in all 
directions. 

• Paull's exclusion principle 

It states, "No two electrons in an atom can have all the quantum numbers 
same." 

• Peak value of Inverse voltage (PIV) 

It is the maximum instantaneous voltage that is applied to a device, particularly 
rectifiers, in the reverse direction. 

• Penumbra 

The partial shadow that surrounds the complete shadow of an opaque body. 

• Perfect gas 

An ideal gas that obeys the gas laws at all temperatures and pressure. It consists 
of perfectly elastic molecules. The volume of molecules is zero and the 
intermolecular forces of attraction between them is also zero. 

• Perigee 

It is the shortest distance of a satellite from the earth. 

• Perihelion 

• 

• 

The point in the orbit of a planet, comet, or artificial satelllte in solar orbit 
at which it is nearest to the sun. The earth is at perihelion on about 2 January. 

Periscope 

An optical device used to view objects that are above the level of direct sight 
or are in an obstructed field of vision. In its very simple fonn it is made up 
of two mirrors inclined at 45° to the direction being viewed. 

Pennalloys ! 
A group of alloys of high magnetic permeability consisting of iron and nickel i 
(usually 40-80%) often with small amounts of other elements (e.g. 3 - 5% i 
molybdenum, copper, chromium or tungsten. They are used in thin foils in ~ 
electronic transformers, for magnetic shielding and in computer memories. ~ 

• Permanent magnet I 
A magnet that retains its magnetism even after the removal of external magnetic 
fieid . 

< • • i 
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• Penneabllity M 
When a magnetic substance is placed in a uniform magnetic field (where lines 
of force are parallel) number of lines of force are seen to be croVJded through 
the substance . The conducting power of the substance for the lines of force 
is called permeability .. It is taken as unity for air. B - pH. It is measured in 
Henry/ metre. The relative permeability of a substance is equal to the ratio of 
its absolute permeability to the permeability of the free space. Thus P, - ~ I~, 

""'ere Po' the permeability of free space has the value 4. X 10-7 henry metre 

• Persistence of vision 

The impression of an image on the retina of the eye for some time after its 
withdrawlls known as persistence of vision. The impression on human eye lasts 
for 1/16" of a second. Successive images at the rate of 16 per second of the 
same scene give the Impression of contintrity. 

• Phonon 

The phonon is a quantum of thermal energy. It is given by hf, whe re h is the 
Planck constant and f the vibrational frequency. It refers to lattice vibration of 
crystals. 

• Photodlode 

• 

A Semiconductor diode used to detect the presence of Iighl or to measure its 
intensity. It usually consists of a p-n junction device in a container that focuses 
any light in the environment close to the junction. The device is usually biased 
in reverse so that in the dark the current is small; when it is illuminated the 
current is proportionai to the amount of light falling on it. 

Photo--electTlc effect 

When light of suitable wavelength falls on a metal plate, such as ultra violet light 
on zinc , slow moving electrons are emitted from the metal surface. This 
phenomenon is known as photoelectric effect and the electrons emitted are 
known as photoelectrons. 

!. • Photo fission 
! 
i • • l 

i • ~ . 
1 

A nuclear fission that Is caused by a gamma-ray photon. 

Photon 

Each quantum of light energy is known as photon . The energy of photon is 

he 
given by E - T' where I. is the wavelength associated with the photon, 

c is velocity of light and h is Planck's constant. 

Photonuclear reaction 

A nuclear reaction that is initiated by a photon. 
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• Photo sphere 
It refers to highly luminous and visible portion of the sun. The approximate 
temperature existing In photosphere is estimated to be about 6000 K. 

• Plezo electric effect 
The production of a small e.m.f. across the opposite faces of non conducting 
crystals when they are subjected to mechanlca stress between their faces 
external pressure Is known as plezoelectrtc effect or piezoelectricity. 

• Planck'. fonnula for black-body radiation 
The energy radiated per unit time per unit area at a given wavelength ). , Is 

271hc' 1 
given by 

E 

" (e:T -1) 
where c Is the speed of light, h Is Planck's constant and T Is the absolute 
temperature of the black body, k Is the Boltzmann's constant. 

• Plane of polarisation 
It Is a plane that is perpendicular to the plane of vibration and containing the 
direction of propagation of light. It is also the plane containing the direction 
of propagation and the electric vector of the electromagnetic light wave. 

• Plasma 
A highly Ionized gas In which the number of free electrons is approximately 
equal to the number of positive Ions. Sometimes described as the fourth state 
of matter. plasmas occurs in Interstellar space, in the atmospheres of stars 
(including the sun), In discharge tubes and In experimental thermonuclear 
reactors. 

• Poises 
It Is a unit of viscosity In C.G.5. system. 

1 Poise - 0.1 Ns/m'. 

• PolseuUJe's fonnula 
It gives the volume per unit time flowing through a cylinderlcal tube carrying ; 

IT R't.P 
a laminar flow. Q- ---s,jC 

where; Q -

R -
l -

Volume per unit of time 

Radius of pipe 

Length of the pipe 

t.P - Pressure difference across each end of pipe 

'1 - Coefficient of viscosity 

i 

I • ii 

1 
L-________________________ ~~~-------------------------J . 
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• Poisson's ratio 

The ratio of the lateral strain to the longitudinal strain In a stretched rod. If the 
original diameter of the rod is d and the contractiono f the diameter under stress 
is Ad, the latral strain Mid - s,; if the original length Is t and the extension under 
stress At, the longitudinal strain is M i t - s,. Poisson's ratio Is then si s,. 

• Polaroid 

Synthetic materials that are used for producing polarized Hght from unpolarised 
light by dichroism. 

• Positive crystals 

Doubly refracting crystals In which the ordinary ray travels faster as compared 
to an extra ordinary ray e.g. quartz. 

• Positron 

An elementary particle having a mass equal to that of an eleclron and carrying 
a unit positive charge. 

• Posltronlum 

An unstable assembly of a positron and an eleclron. It decays Into a photon. 

• Potentiometer 

It Is a device that is used for measuring electromotive force or potential 
difference by comparing It with a known voltage. 

• Pound 
A unit 01 mass of FPS system 1 pound - 453.59 g 

• Poundal 
A unit of force of FPS system 1 poundal - 0.138 N 

• Power of a lens 

It Is the ability of a lens to bend the rays passing through It. Power of convex lens 
is positive and that of concave lens is negative. Units of power of 

~ 
i · ! 

lens - Diopter. Power 1 
Focal length in meters 

Power reactor 

A nuclear reactor designed to produce electrical power. 

Presbyopia 

f · 
:;; , 
~ 

It Is a defect of vision. Anyone suffering with this defect cannot see the near 
objects. This defect is generally observed in older people. It can be corrected 
with the help of convex lenses. 
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• Pressure gauge 

It Is an Instrument that is used for measurtng the pressure of a gas or a liquid. 

• Prime meridian 
The Greenwich meridian. It is used as standard for reckoning longitude east or 
west. 

• PrInciple of floatation 

A body floats as a liquid when the weight of the liquid displaced by It Is equal 
to its weight. 

• Prompt neutrons 

The neutrons emitted during a nuclear fission process within less than a 
microsecond of fission. 

• Proton-Proton cycle 

• 

• 

• 

It refers to a chain of nuclear fusion reactions which are thought to be 
respcnslble for production of energy in the sun. Hydrogen gets converted Into 
helium. 

~H +~ H -----+ ~He + v 

Pulsar 

A celestial source of radiation emitted In brief (0.03 second to 4 seconds) regular 
pulses. First discovered In 1968, a pulsar Is believed to be a rotating neutron 
star. The strong magnetic field of the neutron star concentrates charged 
particles In two regions and the radiation Is emitted in two directional beams. 
The pulsing effect occurs as the beams rotate. Most pulsars are radio sources 
(emit electromagnetic radiation of radio frequencies) but a few that emit light 
or X-rays have been detected. Over 300 pulsars are now known, but is estimated 
that there are over one million In the Milky way. 

Pyrometer 

It is an Instrument that Is used for measurement of very high temperatures. i 
The measurement is done by observing the colour prcxluced by a substance i 
by heating or by thermoelectric means. S 

Majority of musical notes contain more than one frequency. Quality of sound Quality of sound fl_,: 
Is a characteristic of a musical note that depends on frequencies present In the 
note. In each note there is one fundamental frequency and a number of overtones. 
The frequencies of overtones are Integral multiples of the fundament frequency • 
but Intensity Is much low. The quality of sound changes with the number of • 
overtones present and their intensity. , 
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• Quark 

Hypothetical fundamental particles which are postulated to be building blocks 
of elementary particles. 

• Quartz 
The most abundant and common mineral, consisting of crystalline silica (sillieon 
dioxide , SiO,). 

• Quartz clock 
A clock based on a piezoelectric crystal of quartz. 

• Quasars 
A class of astronomical objects that appear on optical photographs as star 
like but have large redshilts quite unlike those of stars. 

• Quenching 

The rapid cooling of a metal by immersing it in a bath of liqUid in order to 
improve its properties. 

• Q-Value 
It is the amount of energy produced in a nuclear reaction. It is expressed in 
MeV. 

• Rad 
The unit of absorbed radiation. One rad - absorption of 10-' joule of energy 
in one kilogram of material. 

• Radiology 

• 

• 

It is the branch of science that deals with X-rays or rays from radtoactlve 
substances. 

Radioscopy 

It involves the examination of opaque objects with the help of X-rays. 

Radius of curvature (R) 

~ . 
i 

In case of a mirror or a lens it is the radlus of the sphere of whlch a mirror 
or lens surface is a part. 

Radius of gyration (1<) 

J 
• 

It ts the distance, from the axts of rotation of a body to a point where the 
whole mass of a body may be considered to be concentrated. 

It is given by K - J£ Where I Is the moment of inertia of body of mass m 

about the axis of rotation . 

I 
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• Rainbow 
An arc of seven colours that appears in the sky due to splittlng of sunUght Into 
Its constituent colours by the water droplets present In air because of refraction 
and Internal reflection of sunlight by them. 

• Raman effect 

When monochromatic light Is allowed to pass through a transparent medium 
It gets scattered and the scattered Ught contains original wave length .. s well 
as lines of larger wave length than the original lines. These lines of Iarg~r wave 
lengths are known as Raman lines and this effee! Is known as Raman effee!. 
This Is quite useful In the study of molecuiar energy levels of liquids. 

• Rayleigh's criterion 

Two sources are just resolvable by an optlcallnstrument If the central maximum 
of the diffraction pattern of one coincides In position with the flrst minimum 
of the diffraction' pattern of the other. 

• Receiver 
Any device or apparatus that receives electric signals. waves etc. 

• RecoU 
Means to fly back 

• Rectifier 

• 

• 

• 

• 

A device that allows the current to flow through It In one direction only. It 
can convert a.c. into d,c. The oommonJoy used rectifiers are a p-n junction, 
a diode valve etc. 

Red giant 

It Is a type of cool giant star that emits light In red region of the spectrum. 
A normal star expands to red giant as It exhausts Its nuclear fuel. 

Red shift : 

Because of Doppler effect a shift of spectrum lines In the spectra of some 
celestial objects towards the red end of the visible spectrum with an Increase 
In wave length of the lines. 

ReOectance 

It Is the ratio of the reflected Ught to the Incident light on a surface. 

Reflecting power 

; 
i 

• 

It Is the ratio of the quantity of energy reflee!ed to the quantity of energy falling .1-

on a body per unit time. 

Refrlgerator 

It Is the device that Is used for producing low temperature and keeping Items ~ 
at low temperature. I 
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• Relative humidity 

The amount of water vapour in the air, expressed as a percentage of the 
maximum amount that the air could hold at a given temperature. 

• Relativistic mass 

I! is the mass of an object which is moving with a velocity v. 

II is given by the relation m _ gmo 
v' 

1- 
c' 

where rno is the rest mass of the same object. 

• Relativistic particle 

A particle moving with a velocity close to the velocity of light, say greater 
than 0.1 c, c being the velocity of light. 

• Remanence 

The magnetic flux which remains in a magnetic circuit even after the applied 
magnetomotive force is removed. 

• Remote sensing 

The gathering and recording of information concerning the earth's surface by 
techniques that do not involve actual contact with the object or area under 
study. These techniques Include photography (e.g. aerial photography), 
multispectral Imagery, Infrared imagery, and radar. Remote sensing Is generally 
carried out from aircraft and increasingly, satellites. The techniques are used, 
for example, In cartography (map making). 

• Resistance 

I! Is the property of a material by virtue of which It opposes the flow of current 
through it. R - V /I 

.. . 
! Resistance box 

i 
It is a box containing a set of combination of resistance coils arranged in such 
a way that any desired value of resistance may be obtained using one or a 
combination of these. 

! . ResIstivity (p) ! I! Is also known as specific resistance. It Is defined as the resistance offered 
;; by 1 m length of the conductor having an area of cross-sectlon of 1 square 
2 meter. 

i Units of p are ohm-meter or ohm-cm. ".L-______________________________________________________ -l 
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• Resolving power: 
It gives the measure of the ability of an optical instrument to form separate and 
distinguishable images of two objects very close to each other. The resoMng 
power of a telescope Is given by 

1.22 A 
Resolving power -

a 

Where). Is the wavelength of Ught used and a is the aperture. 

• Retentivity 
It is the ability to retain magnetisation even after the magnetising force is 
removed. 

• Reverberation 
Refers to the persistence of sound even after the source has stopped emitting 
the sound. 

• Reverberation time 
It Is the time taken by a sound made In a room to diminish by 60 decibels. 

• Reynold number 

• 

• 

It determines the state of flow of liquid through a pipe. According to Reynold 

R.~ 
number the critical velocity (vJ Is given by v, = pD where p is the density 

of liquid, R. Is Reynold number and D is the diameter of the pipe thorugh which 
liquid is flowing - • 

If R. Is upto 1000 the flow Is streamline or laminar. 

If R. Ues between 1000-2000, flow is unstable. 

If R. Is more than 2000 , flow is turbulant. 

RIchter scale 

A logarithmic scale devised in 1935 by C.F. Richter (1900) to compare the 
magnitude of earthquakes. The scale ranges from 0 to 10. On this scale a 
value of 2 can just be felt as a tremor and damage to buildings occurs for values 
In excess of 6. The largest shock recorded hand a magnitude of 8.9. 
Roentgen (R) i 
It Is a unit of ionising radiation. One, RoeniJten Induces 2.58 x 10-4 C of charge ~ 

• 

• 

per kilogram of dry air. il 

! Roentgen rays 

X-rays 

Rutberlord 

It Is defined as the amount of radioactive substance which gives rise to 10' 
disintegrations per sec. 

1 curie - 3.7 x 10' Rutherford. 

I • • , 
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• Rydberg constant 

1 
The wavelengths of lines of an atomic spectra are given by i' 

2n2me4 

where n1 and n, are integers, R is called Rydberg's constant R ~ ch3 

• Scattering 
It is the phenomenon of spreading out or diffusion of a beam of radiation when 
it is incident on some matter surface. The intensity of scattered light varies 
as 1/),.' (Rayleigh scattering) 

• SchwartzchUd radius 

It is equal to 2GM/c', where G is the gravitational constant, c is the speed 
of light, and M is the mass of the body. If the body collapse to such an extent 
that its radius Is less than the Schwartzchlld radius the escape velocity becomes 
equal to the speed of light and the object becomes a black hole. 

• Scintillated 
To twinkle like stars 

• SclntUlatlon 

• 

• 

• 

Refers to the twinkling effect of the light of stars. 

Second pendulum 

A simple pendulum having a time period of two seconds. 

Seeback effect 

When the juctions of two metallic conductors are maintained at different 
temperatures and e.m.f. is produced across these junctions. The production 
of such an e.m.!. is known as seeback effect. 

Segre chart 

I . 
i 

A graph wherein the number of protons In nuclides is plotted against the 
number of neutrons 

Seismograph 

An instrument that records ground oscillations. e.g. those caused by earthquakes, 
volcanic activity, and explosions. I · 

;; , 
1 

Sem~ndudor 

A substance having conductivity more than an insulator but less than that of 
a conductor. The conductivity of a semiconductor Increases with temperature. 
Pure semi-<:onductors are also known as intrinsic semi-<:onductors. It is possible 
to increase the conductivity of a seml-<:onductor by adding suitable impurities 
in them. Such seml-conductors are known as extrinsic semi-conductors. 
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I Semlpenneable membrane 

A membrane that Is permeable to molecules of the solvent but not the solute 
In osmosis. Semipermeable membranes can be made by supporting a film of 
mate rial (e.g. cellulose) on a wire gauze of porous pot. 

I Sextant 

It Is an optical Instrument. It is used for the determination of the dimensions 
and distances of distant objects. It Is based on the prlndple that If the angle 
subtended by two ends of an object at the observer's eye Is known (measured 
by the sextant), the distance and dimenstons of the objed can be determined 
with the help of a trlgnometrlc formula. 

I Shadow 

It refers to the dark shape cast on a surface by an object through which light , 
a form of radiation, can not pass, as radiations, travel In a straight line through 
a given medium . If one of the sources of radiations Is small and the object 
is large, a sharp shadow is formed.However if the sources Is larger than the 
object the shadow formed Is not sharp and shows two distinct regions. The 
umbra, or full shadow, at the centre, surrounded by penumbra or partial shOdow, 
no radiation reaches umbra but some radiation reaches penumbra. 

I Short wave 

Refers to an electromagnetic wave of 60 meters or less. 

I Side band 

Range of frequencies on either side of the carrier frequency of a modulated 
signal. The width of a slde-band both above and below the modulated wave 
is equal to the highest modulating frequency. 

I Siemens (Mho) 

I 

• 

It Is S.f. unit of electrical conductance 1 Slemen (1 Mho) - 1 A/V. 

Significant figures 

The number of digits used In a number specify Its accuracy. The number 6.532 
Is a value taken to be accurate to four slgnlficant figures. TIle number 7320 i 
Is accurate only to three significant figures. Similarly 0.0732 Is also only _ 
accurate to three significant figure. In these cases the zeros only Indicate the I 
order of magnltude of the number, whereas 7.065 Is accurate to four Significant 5 
figures as the zero In this case Is significant In expressing the value of the -

number. : 

Snlcon chip I 
A single crystal of a semiconducting sIleon material, typically having micrometer ~ 

dimensions, fabricated In such a way that It can perform a large number of ij 
independent electronic functions. ~ 
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• S.I . units 

• 

This is international system of units comprising of seven basic units. These are: 

Physical Quantity Unit Symbol 

Length Metre m 

Mass Kilogram kg 

Time Second s 

Temp. Kelvin K 

Electric current Ampere A 

Ught IntenSity Candela cd 

Amount of substance mole mol 

Skin effect 

It is the phenomenon wherein an alternating current tends to concentrate In 
the outer layer of a conductor. 

• Skip distance 
The minimum distance at which a sky wave can be received. This arises due 
to a minimum angle of incidence at the Ionosphere below which a sky wave 
Is not reflected. This minimum angle Is a function of the frequency. 

• Sky wave 
Refers to a nadia wave that is propagated upwards from hIe earth and such 
a wave reaches a point after reflection from the 10nosp!lere and not directly 
from the transmitter, 

• Snell's law 

• 

• 

• 

• 

sini 
(or psin6 - constant) 

sinr 

Soft Iron It refers to Iron that contains small quantities of carbon. Since 
It can be easily magnetised and demagnetised easily so It Is used In transformers, 
electric bells etc. 

Solar battery 

It Is device for converting solar energy Into electricity by means of photo voltaiC 
cells. 

Solar constant 
It refers to the average rate at which solar energy Is received from the sun by 
the earth. It Is equal to 1.94 small calories per minute per square centimeter of 
area perpendicular to the sun's rays. It Is equal to 1400 J /s-m'. 

Solar day 

The time Interval that elapses between two successive appearances of the sun 
at the meridian. 

. L-__________________________ ~--------------------------..J 
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• Solar system 
The sun, the nine major planets (Mercury, Venus, Earth, Mars, Jupiter, Saturn, 
Uranus, Neptune, and Pluto) and their natural satellites, the asteroids, the 
comets and meteoroids. Over 99% of the mass of the system is concentrated 
in the sun. The solar system as a whole moves in an approximately drcular 
orbit about the centre of the galaxy, taking about 2.2 x 10' years to complete 
its orbit. 

• Solar wind 

A continuous outward flow of charged particles, mostly protons and electrons, 
from the sun's corona into interplanetary space. The particles are controlled 
by the sun's magnetic field and are able to escape from the sun's magnetic 
field and are able to escape from the sun's gravitational field because of their 
high thennal energy. The average velocity of the particles In the vicinity of 
the earth is about 450 km S- 1 and their density at this range Is about 8 x 10' 
protons peT cubic metre. 

• Solenoid 
H refers to a coil of wire wound over a cylinderical frame unifonnly. Its diameter 
is small as compared to Its length. When a current Is passed through it, a 
magnetic field is produced Inside the coil and parallel to its axis. It can also 
be used as an electromagnet by introducing a core of soft iron inside it. 

• SonIc boom: 
Refers to a loud noise. 

• Sonometer 

It is an Instrument that is used for studying the vibrations of a fixed wire or 
string. It consists of a hollow wooden box with a wire stretched across its 
top. The wire is flxeq at one end while the other end passes over a pulley 
and a load can be suspended from it. Any length of wire can be set into 
vibration by placing two inverted v-shaped bridges at the ends, by placing 
vibrating tunning fork on the sonometer. resonance is produced when the 

( 1 IT! 
natural frequency of the vibrating wire given by l f = 21 V;;) is equal to the I 
frequency of the tunnlng fork T Is the tension in the wire and m Is its mass i 

• 

• 

per unit length. i! 

Spaoe-charge ! 
A region in a vacuwn tube or semk:onductor having some net electric charge 
because of excess or deficiency of electrons. 

Specific gravity 

It is the ratio of density of any substance to the density of some other substance 
taken as standard. e.g. the density of water at 4"C is taken as 1. 

t 
~ 
i 
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• Specific heat 

It is the amount of heat required to raise the temperature of 1 kg of substance 
by lOCor 1 K. 
It is expressed In J/g/K or J Kg-l K-l. 

The specific heat of water Is maximum, 

• SpectrogTaph 

An instrument where in a photograph of the spectrum can be obtained. 

• Spectrometer 

It is an instrument that is used for analysing the spectrum of a source of light. 

• Spherical aberration 

A defect of image due to the paraxial and marginal rays which are coming 
to focus at different point on the axis of the lens. It can be corrected by using 
parabolic surfaces as reflectors and refractors. 

• Spontaneous flssion 

Nuclear fission that occurs independently of external circumstances and is not 
initiated by the Impact of a neutron, an energetic particles or a photon. 

• Spring balance 

Any instrument with which a force Is measured by the extension produced 
in a helical spring. It is used in weighing. The extension produced is directly 
proportional to the force (weight). 

• Stable equilibrium 

A body is said to be in stable equilibrium If It tends to return to Its original 
state when it is slightly disturbed from Its state. 

• Steam point 

• 

• 

It is the temperature at which water boils under a pressure of one atmosphere, 

Step-down transformer 

It helps in stepping down the 

Ns 
voltage. In it Ns < Np and so N

p 
< 1. 

The e.m.f. of secondry coil Is less than that of primary Es < Ep. 

Oll~ 
Step-up transformer 

It helps in stepping up the voltage. 

> 1 The e.m.f. of secondary coil is greater 

than that of primary Es > Ep . 
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• Stokes (St) 
It Is a unit of viscosity In C.G.S. system. 

• Stoke's law 

When a spherical body falls through a viscous medium, It drags the layer of 
fluid In contact. Due to relative motion between layers, the failing body feels 
a viscous force F given by F - 6 ,,~rv 

Where r - radius of body 

v - velocity of body 

~ - Coofflcienat of viscosity 

• Sublimation 
Change from solid to gaseous state without passing through liquid state. 

• Subsonic 
Speed less than the speed of sound. 

• Sunspots 
Dark patches observed on the sun's surface that are regions of cool gas. Their 
presence is connected with local changes In the sun's magnetic field . They ' 
appear In cycles having a period of about 11 years. 

• Super conductMty 

• 

• 

Refers to complete disappearance of electrical resistance. It has been observed 
in some substances when they are cooled to very low temperatures (very close 
to absclute zero). This phenomenon can be used for producing large magnetic 
fields. 

Surface tension 

It Is the force per unit length of an Imaginary line drawn In the liquid surface 
In eqUilibrium acting perpendicular to It at every point and tending to pull the 
surface apart along the line. It can also be defined as the work done In Increasing 
the surface area of a ~quId film by unlty. Units of surface tension are dynes/em 
or N/ m. 

SusceptibUlty I 
If a bar of Iron Is placed in a magnetic field, It gets magnetised and the pole ;; 
strength or magnetlsatlon depends upon the strength of magnetic field. Thus ! 

I 
~ 

" 

If H Is magnetic IntenSity or magnetizing field Intensity and i Is Intensity 

I 
of magnetization then H = X Is the susceptibility of the specimen. The value 

of X (susceptibility) and ~ (permeability) are high for ferromagnetic substances. 

• 
~ 
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• Synchronous orbit or geosynchronous orbit 

An orbit of the earth made by an artificial satellite with a period exactly equal 
to the earth's period of rotation on its axis, I.e. 23 hours 56 minutes 4·1seconds. 
If the orbit is Inclined to the equatorial plane the satellite will appear from 
the earth to trace out a figure-<lf-<!ight track once every 24 hours. If the orbit 
lies in the equatorial plane and is circular, the satellite will appear to be 
stationary. This Is called a stationary orbit (or geostationary orbit) and it occurs 
at an altitude of 35900 km. Most communication satellites are In stationary 
orbits, with three or more spaced round the orbit to give worldwide coverage. 

• Telestar 
It refers to one of a series of low altitude, active communication satellites for 
broad band microwave communication and satellite tracking in space. 

• Temperature gradient 
Rate of change of temperature with distance. 

• Temperature scale 

Any temperature scale consists of two fixed points which generally correspond 
to two easily reproducible systems. These are assigned certain definite values 
and the interval between them is divided Into an equal number of parts. The 
celsius scale is most commonly used and the fixed points In it are the ice point 
(0 OC) and steam point (100 OC). Interval between them Is divided into 100 
equal parts, each part being equal to 10 C, other scales used are, Fahrenheit, 
Romer and Kelvin. These are related to celsius scale as -

• Tempering 

C F - 32 R K- 273 
100 =180= 80 =100 

It refers to the process used for Increasing the toughness of an alloy by heating it 
. to a predetermined temperature, maintaining it at this temperature for predetermined 

time and then cooling it to room temperature at a predetermined rate. 

• T ensUe strength 
The resistance of a material to longitudinal stress. It Is measured by minimum 
amount of longitudinal stress needed to break the material. 

• Terminal speed 
The constant speed finally attained by a body moving through a fluid 
gravity when there is a zero resultant force acting on It. See Stokes's law. 

2r' (p-p')g 
vo = 9n 

Where p- Density of spherical body and p' = Density of fluid 
If p > p' => The body will move downward 
If p < p' => The body will move upward 
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• 1bermaI capacity or Heat capacity 

It is the amount of heat required to raise the temperature of a body l:ry 1 'C. 
It is equal to the product of mass of the body and the specific heat. It is expressed 
in J/"C or J/K. 

• 1bermaI diffusion 

It refers to the diffusion that occurs in a fluid due to temperature gradient. 
It is used to separate heavier gas molecules from lighter ones by maintaining 
a temperature gradient over a volume of gas containing particles of different 
masses. This method is also used to separate gaseous isotopes of an element. 

• 1bermal neutrons 

Refers to neutrons of very low speed and energy (= 0.1 eV) 

• ThennaI reactor 

It is a type of nuclear reactor In which the nuclear fission reactions are caused 
by thermal neutrons. 

• 1bermlon 

Refers to an ion that is emitted by an incandescent material . 

• Thermionic current 

It refers to the electric current that is produced due to flow of thermions. 

• 1bermlonlc emission 

• 

It refers to the emission of electrons from the surface of a substance when 
it is heated. It forms the basis of the thermionic valve and the electron gun 
in cathode ray tubes. The emitted current density is given by Richardson -
Dushman equation J "" AT2e ..... /U 

Where T - Thermodynamic temp. of the emitter 

~ - Work function 

k - Boltzmann constant 

A - Some constant 

1bermlstor I 

• 

It refers to a semi-<:onductor, whose eiectrical resistance changes rapidly with i 
change in temperature. It is used to measure temperature very accurately. ! 
1bermocouple f-
It consists of two metallic junctions of different metals whose junctions are 
kept at different temperatures, an e.m.f. develops across these which is 
proportional to the temperature djfference. A measurement of e.m.f. enables :h 

one to calculate the temperature so it Is used for measurement of temperatures. 2 

~ 
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• Thermo e.m.f. 
Seebeck discovered that if two dissimilar metals are joined together to form a 
closed circuit and their two junctions are maintained at different temperatures 
an e.m.f. is developed and an electric current flows in the circuit. This e.m.f. 

1 
developed is known as thermo e.m.f. is given by E = at + 2' ~t2 

Where t - temperature difference of hot and cold junction in "C, a and ~ 
are constants which are characteristic of metals forming the thermocouple 
and are known as seebeck coefficients. 

• Thermoelectricity 
The electricity produced due to thermo e.m.f. is called thermoelectricity. 

• Thermoelectric power 
It refers to the rate of change of the thermo e.m.f. of the thermocouple with 
the temperature of Ihe hot junction. 

• ThermopUe 

• 

• 
• 

• 

It is an arrangement of thermocouple in series. Such an arrangement is used 
to generate thermoelectric current or for detecting and measuring radiant 
energy. 

Thermostat 

A device which is used to keep the temperature In a place within in a particular 
range. Thermostats are present in a number of common household devices such 
as cookers, refrigerators , Irons, freezers and heating boilers. Many thermostats 
are bimetallic strips. 

Threshold 

It refers to the minimum value of a parameter that will produce a specified effeci. 

Threshold of hearing 
That minimum intenSity level of a sound wave which is audible. It occurs at a 
loudness of about 4 phons. ; 

Timbre 
The char.cieristic quality of sound. It is Independent of pitch and loudness but 
depends upon the relative strength of components of different frequencies, 
determined by resonance. It depends on the number and intensity of the 
overtones present. 

! • Tomography 
The use X- rays to photograph a selected plane of a human body with other 
planes eliminated. The CAT (computerised axial tomography) scanner Is a ring
shaped X-ray machine that rotates through 180· around the hOrizontal patient, 
making nwnerous X- ray measurements every few degress. The vast amount of 
Information acquired is built into a three-dimensional image of the tissues under 
examination by the scanner's own computer. The patient is exposed to a dose 
of X-rays only some 20% of that used in a normal diagnostic X-ray . 

f 
" • , 
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• Ton 
ills a unit of weight 1 ton - 2000 pounds - 907.18 kg. 

• Tone 
It refers to a sound considered with reference to Its quality, strength, source 
etc. 

• Tonne (Metric Ton) 

A unit of mass 1 Tonne - 10' kg. 

• TOIT 
A unit of pressure. 1 torr - 1333.2 microbars. One torr is equal to the pressure 
of 1 mm of mercury. 

• Torricelll's theorem 

It gives us the velocity of a fluid, comlng out of a vessel, at a point at a height 

h below its surface. According to It. v - J2gh 

• Torsion 
It refers to the twisting of an object by two equal and opposite torques. 

• Torsional pendulum 

• 

In such a pendulum moment of restoring forces, t - -k9 

11me period T - 2. ~ Where 

K - Constant torsion In the thread 

I - Moment of Inertia of the rotating body about the thread 

Torsional balance 

An instrument for measuring very weak forces. It consists of a horizontal rod 
fixed to the end of a vertical wire or fibre or to the centre of a taut horizontal 
wire. The forces to be measured are applied to the end or ends of the rod. 
The turning of the rod may be measured by the displacement of a beam of • 
light reflected from a plane mirror attached to it. ~ 

• Total Internal reflection 

For such a reflection the ray must pass from a denser to a rarer medium, When 
a ray of light travels from a more refractive medium to a less refractive medium 
it undergoes total internal reflection, if angle of incidence is greater than critical 
angle 9, which can be defined as 

n] 
sinG - -. In 

n, ' 

i 
! 

i 
< 
:; 
;; 

1 
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• Transmitter 

• The equipment used to gener.te .nd broadc.st radio-frequency 
electromagnetic waves for communication purposes. It consists of a carrieT
wave generator, a device for modulating the carrier wave In accordance with 
the inform.tion to be broadcast, amplifiers, and an aerial system. 

• The part of a telephone system that converts sound Into electrical sign.ls. 

• Trajectory 
It is the path traversed by a projectile, rocket etc. 

• Trans-conductance 
It is the rafjo of change in plate current to change in grid voltage at constant 
plate voltage. It is expressed in mhos. 

• Transducer 
Refers to a device that receives energy from one source and retransmit It in 
a different form to another system or media. 

• Transformer 

• 

• 

• 

• 

It is a device that is used to convert a large alternating current at low voltage 
into a small alternating current at high voltage or vlce-versa. 

Transients 

It refers to the non·periodlc portion of a wave or signal transient modulatlcn 
i.e. a modulation of temporary nature . 

Transmutation 

The process in which one nuclide is converted into another nuclide. 

Transponder 

Refers to a radio or radar receiver, that automatically transmits a reply promptly 
on reception of a certain signal. 

Triangle law of vectors 

It states, "if two vectors can be represented In magnitude and direction by 
two sides of triangle taken in order. then the resultant vector can be represented 
in magnitude and direction by the third side of the tnangle taken in opposite 

order. " where a, 5 are two vectors and c is the resultant vector. c = a + b 

t • ! 
Triple poInt 

It is the temperature at which the gas, liqUid and solid phase of a substance can 
coexist. Tnple point of water is 273.16 K and 0.46 cm of mercury. All the three 
phases of water (solid, liqUid and gas) coexist at this temperature and pressure 
and all the phases are equally stable. i 

~ • • ;; , Triton 

Nucleus of tritium ( ~H) atom. 
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• Troposphere 
It Is the region of atmosphere which extends upto a height of about 16 km above 
the earth's surface at the equator and to a height of aboutS km at the poles. The 
temperature in this region decreases with increase in height. 

• Tunnel diode 
A semiconductor diode, based on the tunnel effect. It consists of a highly doped 
p-n semiconductor junction, which short circuits with negative bias and has 
negative resistance over part of Its range when forward biased. Its fast speed of 
operation makes it a useful device in many electronic fields. 

• Tunnel effect 

An effect In which electrons are able to tunnel through a narrow potenllal 
barrier that would constitute a forbidden region If the electrons were treated as 
classical particles. 

• Turbulent flow 
Row of liqUid wherein the speed of the fluid changes rapidly In magnitude and 
direction. The motion of a fluid becomes turbulent when Its speed Increases 
beyond a certain typical speed. 

• Twilight 
The soft diffused light from the sky when the sun is below the horizon. 

• TyndaU effect 

It refers to the scattering of light by particles In Its path and the beam of light 
becomes visible. 

• Umbra 
It is the region of complete shadow. 

• Uncertainty prlnctple 

• 

It states, "It Is not possible to find accurately and simultaneously both the 

h 
position and velocity of a moving particle." Mathematically IIx.llp - 4n 

Where Ax - Uncertainty In position, .Ap - Uncertainty in momentum 

Unipolar transistor 

A transistor wherein current flow Is due to the movement of majority carriers 
only. 

i 
i 
! • 

Refers to the upward force that acts on an object when It Is immersed In a ~ 
fluid. It Is equal to the mass of the fluid displaced by the object. J " 

< 

Upthrust 

• Vacuum :b 

" A space that Is totally devoid of matter. Generally it refers to a space from ij 
which air has been removed and where the pressure is very low. , 
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• Valence band 

Range of energies in a semi-conductoT which corresponds to energy state that 
can be occupied by the valency electrons in the crystal. 

• Van-<fe...1!raff accelerator 

It is a machine that is used to accelerate charged particles. 

• Vander waD's equation of state 

It is an equation of state fOT real gases. 

Where v - Volume of gas 

R - Gas constant 

T - Absolute temperature 

n - Number of moles of gas 

a, b = constant called Vander Wall's constant. 

• Vander waIl forces: These are very weak attractive forces that exist between 
the atoms and molecules of all the substances. These are short range forces 
and arise due to molecu1ar dipoles. 

• Venturlmeter 

It Is an apparatus used to find the rate of flow of liquids when the motion 
of fluid Is steady and non-turbulent. 

• VernIer 

• 

A small movable device having graduated scale running parallel to the fixed 
graduated scale of a sextant. It Is used for measuring a fractional part of one 
of the fixed division of the fixed scale. The smallest measurement which can 
be made using a vernier instrument is equal to the difference between 1 main 
scale division (smallest) and 1 vernier scale division. 

Vernier caliper 

A caliper made up of two pieces sllding across one another, one having a 
graduated scale and the other a vernier. i I · Viscosity 

It Is the property of the fluid by virtue of which it opposes the relative motion 
between its different layers. It is also called Internal friction of the fluid . 

i • 
Visible radIation 

Radiation In the wave length range of 3800-7600 A. It is visible to human eye . 

• E~----------------~26~3~----------------~ 

SBG STUDY



Physics HandBook 

• Vlsua\-Olsp\ay Unit (VDU) 

The part of a computer system or word processor on which text or diagrams 
are displayed. It consists of a cathode-ray tube and usuaUy has its own input 
keyboard attached. 

• Voltage stabilizer 
A device or circuli to maintain a voltage at its output terminals that is the 
substantially constant and independent of other changes in the input vokage 
or in the load current. 

• Voltaic Cell 
A cell having two electrodes of different metals dipped in the so1utton of their 
soluble salts and arranged in such a way that they produce an electromotive 
force. 

• Voltameter 
It is an electrolytic cell and is used to carry out the process of electrolysis. 

• Voltmeter 
It is an instrument that is used for measuring the potential difference across 
two points in a circult. It is always connected in parallel across the deSired 
points in an electrical circult. 

• Volume 
It refers to the space occupied by a body. 

• Volumetric 
Refers to measurement by volume. 

• Watt-meter 
It is an instrument that Is used for measuring power consumed in an electric 
circuit. 

• Wavelet 

• 

• 

• 

A small wave 

Water equlva\ent of a IUbstanoe 

It is the amount of water that would need the same quantity of that for being 

heated through the same range of temperature as required by the substance I. 
for being heated through a given renge of temperature. 

Wave-particle duality Jf 

According to dual nature of matter, there Is wave associated with every IllO'Ang 
particle and vIce-versa. The wave length of a wave associated with a rnovIng parIk:Ie l 
having a momentum, p, Is given by 1.. - hlp where h is Plank's constant. I 
~:::ber Is the magnetic flux ftnked with a surface of magnetic field one ,I 
Tesla over an area of 1 sq metre. 1 Wb - 1 Tm'. 
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• Weightlessness 

It refers to the state, experienced by a person In an orbiting space craft, of loss 
of weight. 

B 
• Wheatstone bridge 

It is an electrical circuit that is used to measure the 

electrical resistance. It consists of resistances 

connected in four arms. A galvanometer (G) is 

connected across two opposite junctions, and a 

source 

of e.m.f. is connected across the remaining two junctions as shown in the 
diagram. If three of the resistances P, Q, R are known, the fourth (5) can be 
determined. Keeping the resistance P, Q fixed the resistance R Is varied till the 

P R 
glavanometer shows zero deflection. When this Is achieved Q = 5 . For 

maximum sensitivity all the four resistances should be of the same order. 

• White dwarf 

Refer to any of a large size of very faint stars that are considered to be In the 
last stage of stellar evolution. Its nuclear fuel is completely exhausted and It 
collapses, under its own gravitation, Into a small but very dense body. 

• Wiedemann-Franz taw 

• 

k 
It states that for all metals, the ratio "T - constant, where k Is the thermal 

conductivity. " Is electrical conductivity and T Is the absolute temperature of 
the substance. 

Wlen's displacement law 

According to It, for a black-body radiation k. T - constant 

Where Am - wavelength corresponding to maximum energy radiation. 
T - Absolute temperature of the body. 

! • Wireless 

i · 
• • i 

Means having no whe 

Work Function It) 
It is the minimum energy that Is required to overcome the surface force so as to 
liberate the electrons from the metal surface. It Is measured In electron volts . 

, 
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• X-ray 
It Is a fonn of electromagnetic radiation of shorter wavelength as compared to 
visible light. X-ray can penetrate through solid and can ionise gases. 

• X-ray Diffraction 

the diffraction of X-rays by a crystal. The wavelengths of X-rays are comparable 
In size to the distances between atoms in most crystals, and the repeated pattern 
of the crystal lattice acts like a diffraction grating for X-rays. 

• Yard 
The fonner Imperial standard unit of length. In 1963 yard was redefined as 
0.9144 metre exactly. 

• YIeld point 
When a rod or wire of certain material Is subjected to a slowly Increasing tension, 
the point at which a small Increase In tension produces a sudden and large 
Increase in length Is called the yield point. 

• Zeeman effect 
It refers to the splitting up of single lines In a spectrum Into a group of closely 
spaced lines. this effect Is observed when the substance emitting the spectrum 
Is placed In a strong magnetic field . The study of this effect Is used In the 
study of atomic structure. • 

• Zener diode 
It is a seml-conductor diode where In each side of junction Is highly doped . 
When the junction Is reverse biased, a sharp increase In the current occurs 
at well defined potential. Such a diode Is used as a voltage regulator. 

• Zero-gravlty 

• 

It refers to the condition wherein the apparent effect of gravity becmes zero 
as on a body In orbit. 

Zero point energy 

It is the energy possessed by atoms or molecules of a substance at absolute 
zero of temperature. It can not be explained by classical physics but has been ~ 
accounted for as a quantum effect. ~ 

• 

• 

Zeroth law of thermodynamics 

According to II, whenever two bodies A and B are in thennal equilibrium with 
another body C then bodies A and B will also be In thermal equilibrium with 
each other. 

Zero vector or Null vedor 

A vector whose magnitude is zero is known as a zero vector, The direction 
of zero vector Is not defined, 
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