2. PHYSICS

1. Some Conversion Factors

1. Mass and Density : 4. Angular Measure :

I kg = 1000 g l rad = 57.3° = 0.159 rev

l'u = 1.66 x 107" kg nrad = 180° = ; rev

1 kg/m® = 10 g/em?

5. Speed :
Il m/s = 3.28 ft/s = 2.24 mi/h
I km/h = 0.621 mi/h = 0.278 m/s

2. Length and Volume :
I'm = 100 cm = 394 in. = 3.28 fi
I mi. = 1.61 km = 5280 ft

lin. = 2.54 cm 6. Force and Pressure :
lnm = 10""m = 10A I N = 10% dyne = 0.225 Ib
Ipm = 10 " m = 1000 fm I'lb=445N
I light-year = 9.46 x 10" m I ton = 1000 kg
I m* = 10" lit = 353 f® = 264 gal I'Pa = 1 N/m* = 10 dyne/cm?
Iml=1em?*=10"2lit=10"3 dm? I 'atm = 1.013 x 10° Pa
=10"°m? =1.013 x 10° Nm~2
I m*=10% dm?® = 107 lit = 10° ml = 1.013 x 10> KkNm~? = 76 cm Hg
= 10° cm3
I lit=10% ml =10 cm® =1 dm? T. Eergy and Power :
—10-3 m? 1] = 10" erg = 0.239 cal

I kWh = 3.6 x 10° ]

I cal = 4.19]

leV =160x10""]
I horsepower = 746 W

The most common unit of volume used
in Chemistry is cubic decimetre (dm?).
The advantage is that 1 lit =1 dm?.

3. Time :
1d = 86 400 s 8. Magnetism :
ly =365d=3.16x10"s I' T =1Wb/m? = 10* gauss
365, < s

2. Useful Data

Young’s modulus
Material (dynes/cm?)
(approximate value )

(i) Aluminium 7.1 x 10"!
(ii) Brass 10 x 10"
(i1i) Copper 1LY = 16
(iv) Iron (pure) 20.6 x 10!
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Specific resistance
Element/Alloy (ohm ¢m)
(approximate value )
L _—
6
(i) Copper 1.7 x 10 (
(ii) Aluminium 2.65 x 10
(iti) Brass g8 x 10 {
(iv) Iron (pure) 10 %10
(v) Tin 1 x10°°
(vi) Manganin 45 x10°°
6
(vii) Constantan 47  x 10

Surface tension of water at 20°C = 72.75 dynes / cm

Coefficient of viscosity of glycerine at 20°C

= 13.4 poise

1. Coefficient of linear expansion

Iron 12 x 10~° per °C
Copper 17 x 10-° per °C
Brass 18 x 107° per °C

Aluminium 23 x 107° per °C

2. Specific heat

Brass 0.092 cal / gram °C
Copper 0.093 cal / gram °C
Iron 0.120 cal / gram °C

Aluminium 0.220 cal / gram °C

MATHEMATICAL TAB) kg

3. Electrochemical equivalent of copper
3.3 x 10~* gram / coulomb

4. Mechanical equivalent of heat, J

4.186 J / cal = 4186 J/kcal

|
|

—

3. Useful Formulae in Physics (XI-XII)

(1) MEASUREMENT, SYSTEMS OF UNITS, DIMENSIONS,

VECTORS AND KINEMATICAL EQUATIONS

1. Percentage error in the determination of a quantity

n

average absolute error 0% ZI X, —X|/n
mean value X : 3 x 100 %
b d — —) .
2. If R =P +Q, then, R* = P? + Q%+ 2PQ cos 0 and tan & = _Qsmb
P+ Q cost

3.2 P=Pi +Pj +Pk., P= /P +P>yP2

—

4. Scalar product : P-Q =PQ cos) =P Q +P Q. + PO

1

-

S. Vector product : If R =P x 6 then, R = PQ sin 0 and

T T =
- — ~bd l -I k
R=PxQ =P P P
Q. 0 0
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6. Kinematical equations (uniformly accelerated motion of a particle)
Vector Form

) —:» _ - —> .. —> - 1
M v =u+ar (i) =ut+;a“’12 (i) v =u*+2a-s
(1v) Displacement of a particle in the nth second

—

_ 2 > — a
==, |=u+5(2n—|)
(2) PROJECTILE MOTION
I. v.=u,=ucos 0 2,

Vw=u,—gt=usinO—gt 3. x=ucosb 1t

4. y=usin0r— ;gtl 5 U sin 0 6. T—2f — 2u sin 0
8 g
u? sin?6 2
7. h = 8' h = _u_ , ) — o
2g max 2g for 0 90
u?sin 20 2
9. R =T 10‘ Rma,\ = u_ for 9 = 450
8 g

(3) NEWTON’S LAWS OF MOTION

—_
1. Momentum, P =niv’

—
- dP
2. Resultant external force, F = ¥ ma
. V-0
If the acceleration @’ is uniform, F =m< t >

- — - -
. Impulse of a force, J = Ft=mv — mu

L]

. In a collision, the total momentum of the bodies is conserved in the absence of external

. — — — -
forces. .. mu ;+myu ,=mV | +m,yV,

N

. In an elastic collision, the total kjnetic‘ energy of the bodies is conserved.

.1 2,1 2_ 1 2 1 2
M TS mau,T =5smyv T+ 5myv,

*

. In an elastic collision in one dimension,
m, —m 2m
m, +nm, m; +m,
2m m, —m,
Vp= | Ju, + [ |u,
m; +m, ny +m,

If u,=0, then the fractional decrease in the Kkinetic energy of the first

m . S .
particle =———4m1 2 = and the loss in the Kkinetic energy of the first
(my +m,)
article — ! 3 4mm,
particle = S mu,

(m, +m,)* .
7. In a completely inelastic collision, m i + m,i, = (my +m,)v
Loss of kinetic energy = ;m,u,z + '2’”’2"32"’;‘(’"1 +m;) v?
mm,

L) B
2(m| + mz)
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{ m, )
S Lioatic ene = TP
If 1. = 0. the loss of kinetic energy = g ‘el m, +n,

\'Z“\'l

8. Coefficient of restitution. ¢ :z
I

(4) WORK, POWER AND ENERGY

2 — Fscos 0
1. Work done by a force acting on a body, W=F s Fs gos ¢

2. Power, P = rate of doing work =~

. , 12
3. Kinetic energy of a body, K= ,m

4. Gravitational potential energy of a body, U= mgh

(5) CIRCULAR MOTION

db) 2_71’ —2nf
T

1. Angular speed of a particle, » = i

2. Linear speed of a particle, v = ro
V2
3. Centripetal acceleration of a particle, a = - ra®

. i . . mv- g
4. Centripetal force acting on a particle, F = —— = mrw
,
d
- dw

5. Angular acceleration, o = )

' the angular acceleration is constant,

v I 2
(i) w=wmy+ar (i) 0=y + 5 ar>  (iii) 0% = 0, + 2a0

6. Tangential acceleration : a = ro

rangential

[

v

I

7. Angle of banking (0) is given by tan () =
p

o

(6) GRAVITATION

1. Gravitational force of attraction between two particles,

Lmym, , : —_—
F=G :'2 (by Newton’s law of gravitation)

2. Acceleration due 1o gravity at the surface of the earth, g = 9—/‘:’

- w )

3. Acceleration due o gravity at a point at a distance r (r = R) from the centre of the carth:
GM GM
g =—=——
r’ (R + h)

Critical velocity or critical speed (or orbital speed) of a satellite

v :\/Z‘B_ | GMm RY .
‘ r R+h \NR+h VE=VER+M
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2nr 2n .

—— g

Voo JGM

2 4 n? 472 4 72
T‘ = (——‘— }'3 —— e 3 n_ \3
GM) (Gw>m+h)—<ap>m+h)

\

Period of revolution of a satellite, T =

Escape velocity or escape speed of a body projected from the surface of the earth,

2GM —_—
v(' = R =N\ zgR

Binding energy of a body at rest on the surface of the earth = %'E
For a satellite performing uniform circular motion around the earth,
(1) potential energy of the satellite = — GMim
(R + h)
(i1) kinetic energy of the satellite = —GM—
2(R+ h)
GMm
1ii) total energy of the satellite = - ———
(111) & satett 2(R+ h)
. e ) GMm
(iv) binding energy of the satellite = RN

(7) STATICS AND ROTATIONAL MOTION

. => — e d
Torque or moment of a force, T =r" x I,
T=rF sin 0 = Fr sin 0 = magnitude of the force x perpendicular distance between
the axis of retation and the line of action of
the force = magnitude of the force x moment arm

Moment of a couple, T = F x perpendicular distance between the lines of action of the
two forces
Position vector of the centre of mass of a system of n particles is

n n
g 4
Z m;r, Z mr,

- =
— mr, +myr, 4. +mr, T =]
ol M

- n
m; +m,+..+m,
1 2 / Zm:
i=1

Coordinates of the centre of mass are

n
n n
~ y Sz
> omyx, Y omy, ) mz,
1 | ’ . l___| - Z —_ Lfianll S
Xow =" ow Yow =g+ %m M

- Conditions of equilibrium of a rigid body under the action of forces :

)Y F =0 (ii)ZTT=Oor Y xF, =0

n
: blse Yo wive — 2
« Moment of inertia of a system of n particles is given by I = Y mr,

(=]
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¢ ¢ IS ¢ li‘Jn i\ giv n hy , = A 2
adi ration 'k' U' d h()(l) a > I e
R.ldlU\ 0' g) l I ,2 = ‘
T 1 a y = (]

- —

Angular momentum of a body. L =10
— —
Torque acting on a body. T =12
Principle of parallel axes : [ =1 +Mh
=1+,

Principle of perpendicular axes

1 2 ' r,2
Kinetic energy of a rolling body = ; MV" + 3 I

. —
For a body rotating with a constant angular acceleration .,

1, 2 2 Y5()
w=w +a =0 +5u, 0 = o} + 2al

-

Work done by a constant torque acting on a body = t0)

= change in the rotational kinetic energy of the body

] S| s
— I, —=1w,~"
;12 75 1

. Power =10

16.

When ©_ = zero, the angular momentum of the body is conserved.
ext

- —
Lo, = 1o,

(8) OSCILLATIONS

In linear S.H.M., restoring force acting on a particle, F = —kx

k

s 2

Acceleration, a = — —X = —(°X
m

2n m
. Period of SHM.. T =—=12n \/:
w k

yof SHM. f=h=2 L K
Frequency of S.H. ..f—?_ﬂ_z—t -

Displacement of a particle in S.H.M. (from its mean position),
x=Asin (ot + 2)

Velocity of a particle in SHM., v = Aw cos (ot + %)

=t o JAT-x?

7. Maximum velocity of a particle in SHM. = Aw

Maximum acceleration of a particle in S.H.M. = Aw?
For a particle performing S.H.M.,

(i) potential energy (P.E.) = * kx? = 1 mey2y?

(1) kinetic energy (K.E.) = ; k(A?-x?) = % mw*(A® - x?)
(ii1) towal energy (E) = ; kA =} ma?A? = 2nimf2A2
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10. x;, = A sin (wr + %) and x, = B sin (wr + x.)
X =x; +x; =C sin (wt + €), where
22 . n) @ ——
C=A"+B* +2AB cos () —2,)

A sin %, + B sin o,
A cos 2, + B cos «,

and tan € =

g
12. Period of angular S.H.M. of a magnet suspended in a uniform magnetic induction B is
[ ]

Tyl
"M

11. Period of S.H.M. of a simple pendulum, T = 2n \/7

(9) ELASTICITY

longitudinal stress  (F/A)  (Mg/nr?)

1. Young’s modulus, Y = — — =
longitudinal strain  (e/L) (e/L)

normal stress oP

2. Bulk modulus, K = e —
volume strain  (0V/V)

shearing stress  F,/A

3. Modulus of rigidity, n = -
o 5 gty n shearing strain ~ x/#i

lateral contraction strain

4. Poisson’s ratio, g = — - -
longitudinal elongation strain

_(0D/D) _ (5r/r)
e/l (e/L)

5. Work done in stretching a wire, or strain energy,

W=§ x load x elongation
=1Fe=lng ><e=£x—y—A><e2
p 2 2 L
6. Work done (or strain energy) per unit volume of a stretched wire

= longitudinal stress x longitudinal strain

(10) FRICTION AND VISCOSITY

1. Coefficient of static friction, p = —R—‘
o F,
2. Coefficient of kinetic friction, p; = R

3.y, =tan 0 , where 0, = angle of repose

. . o v
4. Newion’s formula for the force due to viscosity of a liquid : F =nA =
5. Stokes’ law : F = 6mnrv
. ; 2ri(p—oa)g
6. The terminal speed (or terminal velocity), v = _9”—
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1. Determination of the surface tension of

2. Work done in blowing a soap bubble. W= T x

—

'

n

10.

11.

ARITHMIC AND MATHEMATICAL TABLES

(11) PROPERTIES OF FLUIDS

a liquid by capillary rise method :
hrpg
~ 2cosl

2 x (4nry? —4nr,?)

(12) WAVE MOTION

|

Frequency (n) = m

A :
Wave velocity [or speed] (V) = 7= n

Distance covered by a wave in time 7 is 5§ = Vi

o

X . . . Vl
V,=n/, (in medium 1) and V,=n4, (in medium 2) .. V.=
2

')

>
[

. ; E
Newton's formula for the velocity [or speed] of sound in a medium : V= \/:—)

A . P
Newton's formula for the velocity [or speed] of sound in a gas : V= \/:—)

Laplace's formula for the velocity [or speed] of sound in a gas :

7P yRT
Ve oo | =
P M

Phase difference (x) between the oscillatory motions of two particles separated by a
. o " . 2nx
distance x along the direction of propagation of the wave (X-axis) i1s o = ——
A
, . . : 2nt
. The change in phase at a given point in time interval 11s fi = T

Equation of a simple harmonic progressive wave travelling along positive X-axis 1

ro
y = A sin 271(——:)
T /)

/

If n, and n, are the frequencies of two notes producing the beats, then the beat
frequency = |n, —n,|

(13) STATIONARY WAVES

(1) Two simple harmonic progressive waves, travelling in opposite directions through
the same part of the medium, are represented by
_ . ! X f )
.\,=As|n2n(———f and v, = A sin 2t ,-+‘l
T 2 T

/4 A

(11) These waves combine (o form a stationary wave represented by

e 2t 2ax
y=y, +y; = 2A sin (—,;_—)L'US (-D ) = R sin (i;r_')
Jl .
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2. Distance between two adjacent nodes (or antinodes) = - — length of one loop

[ S .

3. Distance between a node and the adjacent antinode = ~

4. (i) Speed of a transverse wave on 3 string (or wire) is V = d

m

(i) Fundamental frequency of vibration of a string (or wire) is n = I /T

21\ m
1 T
OR n=2_[r n:—p (" m=nrip)

(iii) Frequency of the p™ harmonic = % T

4 m
—

(iv) Frequency of the p" overtone = (p;{ 1) \/I
m

—

/
5. Melde's Experiment : Parallel position : — =pn = %V I
V4 m

o =

p|T

. . . ’ )
Perpendicular position : N = n’ = T
L m

6. In the case of a tube (or a pipe) open at one end. the fundamental frequency of vibration

Vv
of the air column in the tube is n = AL
L =1+ e, where [ = length of the tube and ¢ = end correction

e = 0.3 d, where d = inner diameter of the tube

In the resonance tube experiment, if /' is the length of the tube above the water level

_ 1'-31
when the resonance is obtained again, ¢ = S

For a tube open at one end, only odd harmonics are present. The frequencies of the first,
third, fifth, ..., harmonics are

V 3V 5v
4L 4L’ 4L

7. In the case of a tube open at both ends, the fundamental frequency of vibration of the air

..., respectively (neglecting the end correction ).

' d 5 . it "
column in the tube is n = —‘— In this case, the end correction (e ) is applied at each of
9

the open ends. Hence, L =1+ 2¢, where [ =length of the tbe and ¢ = end

correction = 0.3 4
In this case, all harmonics are present. The frequencies of the first, second, third, ...,

harmonics are

—V— il g ., respectively (neglecting the end correction).

YA TAE YA
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HEAT AND THERMODYNAMICS

: =1
pansion of the matenal of a rod, ¥ = T

¢ expansion), ﬁrz A

(14)

1. Coefficient of hnear ex

2. Coefficient of superficial expansion (surfac
" o ‘/"

3. Coeflicient of cubical expansion, ;' = “*“"’V ”
0

o . pﬁ 6. o o= +..
4 f=2xy=3a=,§ 5. Density. p = |77 - Vv /

~ P~ Pn i) v E _-_.‘,/i‘
7. Foragas, (1) 7y = X () 7p Vol
8. For a fixed mass of ideal gas,
PV, PJ',
) 2 =22 (i) PV=nRT
(1 T, T,

“,
9. Joule's law : — =J

Q
10. First law of thermodynamics, dQ = dU + dW = dU + PdV
11. Determination of J by electrical method :
Vit Vit

J= — = —————— —
Q (mc +mc )i, -0

(15) HEAT TRANSFER

(0, -0,
1. Q = KA-J___,.;'

I X

. . . J, —
2. Searle's method to find thermal conductivity : K = mc (( U))

(16) KINETIC THEORY OF GASES

1. (1) Mean speed, C C, + C;; ... + C,

(i1) Mean square speed OR Mean square velocity,

E}-ZC,Z +Cy +..+C}
N

(1)) Root mean square (RM.S.) speed OR Root - square velocity,

/Clz +C +..4C,}?
N

]

C=

2. (1) Pressure exerted by a gas is I mN
b, 5 1 P::— N 2 e
gas 1s 15 C* (i) P= Spcz
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l

3. (1) Average kinetic energy (K.E.) of a gas molecule = l mC?
. g)

3PV 3 /R X
"IN > <R T = 3 kT (N, : Avogadro’s number)

(émNCz) 3

(i) K.E. per unit volume of the gq5 = 2"VC7) =
g , 5
(u) K.E. per unit mass of the pas =§ “I: jf
2M 2p

(iv) K.E. per mole of the gas = 3RT

/3 [3R7 » |
4. RM.S. speed, C = - lR_f = ?Lf - ﬂ
P M Nom m

(k : Boltzmann's constant)

N

. Number of molecules per unit volume of the gas is

N 3P 3PN, PN, P

V. omC* MC® RT kT

6. Van der Waals™ equation of state for one mole of a real gas is

a
(P + F) (V—5b) =RT ... (a and b constants for a particular gas)

(dQ)., B dU
mdT ~— mdT

7. (1) Specific heat of a gas at constant volume, ¢, =

(1) Specific heat of a gas at constant pressure,

_(dQ), dU+dW _ dU+ PdV

= ndr = mdl  mdT
. . . r
8. Mayer’s relation : (i) ¢,—c, =r (i) ¢,—c, =7
' R K di th its used
9. ¢c,-c, = I YT depending upon the units us

10. (i) If C, = molar specific heat of a gas at constant pressure and
C, = molar specific heat of a gas at constant volume, then,

C,-C, = R (all quantities in the same unit)

[C = LQ)L and C = ({IQ)‘, where n = number of moles of the gas]

" ndT bone
(i) If C, and C, are expressed in the heat unit and R in the mechanical unit, then.
Il v
R
C,-C = 7

(iii) ¢, = =L, ¢ =
P

-~

r

an

11. Adiabatic constant, 7 = —
C,
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P( \'2 - Vl)
12. Latent heat, L=L  +L_ .= L + 7

/. -V
P(V,-V l)‘ where m = mass of the substance

L=L +
mJ

(17) RADIATION

a

|

1. (i) Absorption coefficient of a body. a =

SIS

(ii) Reflection coefficient of a body, r =

(iii) Transmission coefficient of a body, 1

o
0

(ivia+r+t=1

dQ (radiated)
2. (i) Emissive power of a body, E = —

: . Q(radiated)
(ii) If the temperature of the body 1s kept constant, £ = S R

3. Emissivity or coefficient of emission of a body, e = z
b

a = e at a given temperature, by Kirchhoff’s law of radiation

4. (i) For a perfectly black body,
E, = oT* by Stefan’s law of radiation
(ii) For an ordinary body, E = geT*

5. Rate of loss of heat (by radiation) by a perfectly black body,

dQ
e A T4 _ 4
di : To")
o d
6. (1) 7? o (0 — 0,) by Newton’s law of cooling .". -(;—Q =K@ -0,
t
..dQ do  do do
(ll) E“—‘m(‘z i 4 E oC (0—00) or gr—=k(()—00)

(18) DISPERSION OF LIGHT

1. Refractive index (n) of a medium
_ speed of light in vacuum (c¢)
speed of light in the medium (v)

2. Refractive index of medium 2 with respect to medium 1

_speed of light in medium 1(v,) n,

Ny=—— T : . =
speed of light in medium 2(v,) »n,
My Vi Ay
i = — = — = — (for the same frequency of light)

n, l’z />
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sin i

y = = CONSILE é v 3 3 S . s
om= tant for a given pair of media and given frequency of light by

Snell’s law of refraction

4. Wave number y (number of waves per unit length) — l _V
/. (

5. In the case of refraction of light through a prism.
sini sine

DA=ri+r, ()i+e=A4+6 (iii) n,=

sinr,  sinr,
(iV)iy+e,=A+0=i,+¢,

(v) For 6 =6, (angle of minimum deviation). i = ¢

. (A - >>
SIn
>

6. For a thin prism and small angle of incidence.

LA R S
r,

n
1 N
)

2
“

“

angular dispersion

7. Dispersive power, o = —
mean deviation

)y — Op , — . ;
Op=tn _. 1 "k (for a thin prism)

" Wop =
. 0y + Op nyt g\
= -

(19) LENSES

_ _ n, My Ny, — Ny
1. In the case of refraction at a spherical surface, " ———

u R

n,

1ol L _ 1) wheren= n, =22
2. In the case of a thin lens, T a (n— ”(I—{l —[T) Wilere n= '”3—11,

b

I L
3. Lens maker's formula : — = (n — ”(EI - E—)

/ \ 2/
linear size of the image 1mage distance
4. Linear magnification (M) = linear size of the object  object distance

) s F i arect 1MAae
M is negative for an inverted image and positive tor iy Erect LMage.

I

focal length (f)

I
Power in di = in _metre)
rin dioptre (D) f (in metre)

and f, are kept in contact with each other, the focal

[
length () of the combination is given by / - / ki f,

=P, + P,

wn
.

Power of a lens ( P)=

6. Wheq Iwo lenses of focal lengths /|

Power (P) of the combination 18 given by P
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7. Simple microscope :

R
I
=0

(i) Magnifying power of a simple microscope, M.P. =
. D . : d
(i) M.P.= }— if the image is formed at o0

(ii) MP.=1+ b if the image is formed at the least distance of distinct vision, p

8. Compound microscope :

: —f D
(i) When the final image is formed at D, M.P. = <f0 n ZO 1+ Z

—fo \(D
. . : d at oo, M.P. = T
(ii) When the final image is formed at oo <f0 AN

where f, = focal length of the objective and f, = focal length of the eyepiece of the

microscope

(20) INTERFERENCE OF LIGHT

1. (i) In Young’s experiment (or in Fresnel’s biprism experiment), the distance between
. . ) .D
the centre of the interference pattern and the nth bright band is x, = n+ Sn= 0,1,

2: 3, & s s

Similarly, the distance between the centre of the interference pattern and the th
dark band is
i D
X, =2n-1)=—, n=
,=(2n )2 7 n=1,23 4175, ...
. . ; . LD
(i) Band width or fringe width, X = ==
d

2. In Fresnel’s biprism experiment, ﬁ .

d v
1 4 2 —
__’—=—sd= /dl(,7
u, d u, N *

(21) ELECTROSTATICS

1. According to Coulomb’ _ ! a4
& omb’s law, F = ‘Teo% (charges placed in vacuum)

2. If the charges are placed in a dielectric medium
I q,9, _ 1 qy4q,

dnegk r* dme 2 where k = dielectric constant of the mediul

€ = €ok = permittivity of the medium

] ;mJ

Electric field (or electric field intensity or electric field strength) E

=3 r
‘ | 4ner”
Force due 1o action of electric field is F = qE c
5. Electric field between tw N
0 paral 3 . s £
Y parallel plates separated by a very small distance d ® g



10.

11.

12.

13

14.

15.

16.

17.

f=7
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Electric potential at a point at a distance r from a point charge g is V=4
ner

When a point charge g is accelerated through a potential difference V, the work done
on the charge is W= gV = % mv? — ;mu2

Electric dipole moment, p* =2 qT. |P'|=p=2ql, where 2/ is the distance
between the two point charges, +¢ and —g, forming the dipole

If a plane surface of area § is in a region of uniform electric field E the flux of the
electric field through the area S is D = E? = ES cos ()

A charged sphere behaves as a point charge (at the centre of the sphere), for points
outside the sphere. In that case, the electric field intensity £ (in magnitude ) at distance

r from the centre of the sphere is E = : —
dne k r?

If R is the radius of the charged sphere in the above case, the surface charge density,
5 | 4nR*c R%c

.. q=4nR¢c . E= : =

azrz 1 dregk 17 egkr?

Electric field intensity, E (in magnitude) due to a charged conducting cylinde; (with

radius R and surface charge density o) at a point outside the cylinder and at a distance

r from the axis of the cylinder is

E= k(;o - (The cylinder is assumed to be infinitely long.)
If 7 denotes the linear charge density (change per unit length) of the cylinder,
4 =a2nR. = a
2negkr
Electric field intensity, E (in magnitude) at a point just outside a charged conductor is
a a
= a =

The magnitude of the mechanical force per unit area of a charged conductor is
F  a* .kE?

= , where E is the magnitude of the electric field intensity at a
A 2e4.k 2

point just outside the charged conductor.

. : . 02  €okE?
Energy density or energy per unit volume of a medium = 2eok = 5
Q (charge)
Capacitance (capacity) of a conductor, € = m

Capacitance (capacity) of a parallel plate capacitor (condenser),
ke,A €A
d d
Energy of a charged capacitor (condenser) (energy stored in the electric field in the

C=

medium between the plates of the condenser) or work done in charging a capacitor is

ey 1€
UsgCVi=p0V=3C
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18. : = l l + L + .+ L (series combination of n capacitors)

e e 0y 6 C,
C=C,+C,+Cy+ ... + C, (paralle] combination of n capacitors)

19,

(22) CURRENT ELECTRICITY

1. Electric current, [ = rate of flow of electric charge with time

_do 0

or — (for a steady current)
14 .

ial diff % 1
2. Resistance, R = Eolenls orcnce = —; Conductance, K = — =
current I ‘ R

<~

[ 1
3 R= 'OZ Conductivity, k = ;

Rot

4. Temperature coefficient of resistance of a material, o =

5. (i) Resistances in series : R=R, + R, + R5 + ....

1 1 1

= +—+ ..
R R, R, R,

V2
= e =‘—/ ‘ 7. Power = VI=RI* = —
R+r R

8. (i) Heat produced in time t = VIt = I*Rt
VIt IRt

(ii) Heat produced in time t = — =
J J

(i1) Resistances in parallel :

R
9. (i) In a balanced Wheatstone network, — = —>
Ry i
(i) In a Wheatstone metre bridge, R— =— or
2 2
10. Potentiometer :

(i) Potential gradient along the wire, k = VazVs

_ Er \ 1 Eqg
i) k= - (i) =2
(ii) (RH)L Gi) 7 =7
(iv) In the sum and difference method to compare the e.m.f.s of two cells,

E, Il +1,
E?_ [1_12

(v) Internal resistance of a cell, r' = R(ll [— lz)

(23) CHEMICAL EFFECT OF ELECTRIC CURRENT

2. Chemical equivalent (¢) in the case of atomic ions = atomic weight (4)
valency (V)
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' 3 . molecular weight
3. Chemical equivalent in the case of molecular ions = c

valency

(24) MAGNETIC EFFECT OF ELECTRIC CURRENT

- - .
1. Biot-Savart’s law : dB — L dB = Ho I dl sin® 2L

4n o’ 47 r?

2. Magnetic induction (B) at a point near an infinitely long thin straight conductor is
pto 2 _pl

dn r  2mr
3. Magnetic induction (B) at a point along the axis of a circular coil is
_ Mo 2nnIR? _ Mo 2M
A (RZ +X2)3/2’ - 41 (R2 +.X2)3/2
4. 1If a thin conductor of length / is bent in the form of an arc of radius r, the magnitude of
the magnetic induction (B) at the centre (of curvature) of the arc is B = Z—:{ :—i

S. The force (I? ) acting on a charged particle (charge=g) due to the action
. . : e . y
of magnetic induction (B) is F =gv x B, F=qvB sin 0
6. The force (1? ) acting on a straight conductor (of length / and carrying current /) due to
the action of magnetic induction (l?) 18 1—’7—)=Il_)>< l? F=1IIB sin 0
7. The force per unit length of each conductor between two thin infinitely long straight

, . F e 2L,
conductors placed parallel to each other in vacuum 1s B
T
8. When a current carrying coil is suspended freely in a uniform magnetic field of
— . .
induction B with its axis of rotation perpendicular to the magnetic field, the coil

experiences a torque
o — — — — . )
T =M xB =nlA x B, t=MB sin 0=nlAB sin 0

9. For a moving coil galvanometer, nfAB = ¢ 00

2rB
10. For a tangent galvanometer (T.G.), [ = < : H> tan 0 = k tan 0

Uoh

. . d0

11. Current sensitivity of a galvanometer, S, = a
nAB

For a moving coil galvanometer, S, = —

Holt } .2 ¢
For a tangent galvanometer, S, = { 5 | €0S (

ZI'Dy

d0
12. Voltage sensitivity of a galvanometer, Sy = v

13. (i) When a galvanometer is converted into an ammeter,

I,
shunt resistance, S =G <——“—>
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S
(i) Current through the galvanometer, /, = (W)I

G
(iii) Current through the shunt, I, = (5:_6)1

- thati - GS
(iv) Equivalent resistance of the parallel combination of G and S is R = ST6
14. When a galvanometer is converted into a voltmeter, series resistance,
‘/)
R=—-G
1

g

(25) MAGNETISM

— —
1. The magnetic moment of a current carrying plane coil, M = niA
< ) . ‘_) -_>
. Magnetic moment of a bar magnet (or a magnetic dipole) is M =2ml , where

m = pole strength of the bar magnet and 2/ = magnetic length of the bar
magnet = G x geometric length of the bar magnet

—_
. When a bar magnet is placed in a uniform magnetic induction B , it experiences a
— —>

torque, 7 =M ><l?, T=MRB sin 0

. . . . . _) ~=)
. Suppose that a bar magnet is acted upon by two uniform magnetic inductions B, and 5,

at right angles to each other, and in the equilibrium position of the magnet, its axis

2

st i B
makes an angle 0 with B,. Then, tan () = —=
1

5. The magnitude of the magnetic induction due to a bar magnet :
_ JT; 2Md
(@) °

axis 4_7_E m
. Mo 2M

e F T (for a short magnetic dipole or a short bar magnet)

i Ko M
W) B, \pr= =533
) equaror 47 (d.., +12)3/2

LMo M

equator = 4T3 (for a short magnetic dipole or a short bar magnet)

6. (i) Magnetic induction (B) at a point due to a short dipole

Ho M e .
B :ﬁ- r—j. 3 CcOs” () _l_ ] , tan o :tdn ()-

-
The angle made by B with the

_ Mo M :
axis E? (for 0 = OO, 1800)

axis of the dipole = 0 + g
(i) B

(i Mg M ;
1) BHWW =3 (for () = 90°)
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(i) Magnetic potential (V) at a point due to a short dipole
[y McosO ’
T 4n r?
Y = fo M for 0
(11) axis - 477: ’.2 ( 01 = 0 )
(l”) Vv('([“tlmr' = Z€1o (fOl' 0 = 900)

(26) ELECTROMAGNETIC INDUCTION

1. Magnetic flux through a plane coil, @ = E)X = BA cos 0

. dd
2. Induced e.m.f., ¢ = — — Numerically, e = l@.
. . dd AB dd AA
3. Particular cases : i) e = ——=A4A — (ii)e= —— =B —
( o At (ii) e o B 7

4. If a straight conductor of length / moves with a uniform velocity v at right angles to a
. . . . _) . .
uniform magnetic field of induction B, the e.m.f. induced between its ends, ¢ = Blv
5. If a metal rod of length r rotates about one of its ends in a plane perpendicular to a
—

uniform magnetic induction B, the em.f. induced between its ends,

2

nr-

e=B X =B x nr’f

BnA(cos 0,-cos 0,)

6. The charge induced in a rotating coil, g =

R
7. Earth inductor or Earth coil :
(i) g, = @ = gﬂ}:—zgﬁ (for rotation through 180°)
(i) gs = 2’123‘/ = %fl-ﬂ—];ﬁ (for rotation through 180°)

By
(iii) Angle of dip, 0 = tan”' (—‘—)

BH
' — 2 2
(iv) B = . (B +F B
8. For a plane coil rotating with a uniform a ‘ . .
field of induction B, with the axis of rotation in the plane of the coil and perpendicular

to E: the peak value of the induced e.m.f. is

. - . e .
ngular velocity @ 1 a uniform magnetic

=e, =nBAw = 113(7["2) 2nf

sin wt = e, sin 27fl

max

9. (i) Alternating e.m.f., e = ¢,

¢ _ % % sin 2xft = I, sin 2xft
i _ S _—Z2ginwt = SN 2TL . 2
Alternating current, / ® R
2 e
e ] . é/u‘(lk _ o _ 0707 e
iy 1, =t = L 207074y s = 5T ;
s \/E \/E \ — \V “
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(iii) In the case of a purely resistive circuit, average power (over one cycle)

el

PZ('R\/“\ X IR\,’\ = -

I .
10. Induced e.m.f.e= — L 11; and ir ductive reactance. X, = wL = 2nfL
(

| I
11. Capacitive reactance. X = oC ~ 22fC

12. When an inductance (L) and a resistance (R) are connected in series. the impedance
72 2 _ 272 | p2
=X +R = m L~ + R
13. When a capacitor of capacitance C and a resistance (R) are connected in series. the
—

— f 5

+ R-

impedance Z= X" +R" = _'—5-5

‘ y 0 C

14. When a resistance and an inductance and/or capacitance are connected in series,
average power (over one cycle), P =V 1, . CoS ¢

X, —-X ————

LS oa A=A 7 2

15. In an L C R series circuit. tan ¢ = R Z=/(X,-Xc)+R

and cos @ = —
Z

_

16. In L C R resonance. the resonant frequency is f= =
ny, LC

[§9]

(27) ELECTRONS AND PHOTONS

N

1. The force acting on a charged particle due to the action of the electric field E is
- —

= . . . . ~ . .

2. If gE is the only force acting on the particle. the acceleration of the particle is

3 —
a =— v =u +Fat=u + —-1

m m
3. The force acting on a charged particle due to the action of the magnetic field

. = — = =
B is.F =qv xB .|F|=qgvBsin(
— ~ i
When v and B arc mutually perpendicular. F = ¢vB

2
C e o o ) . ) . my
In this case. the particle performs uniform circular motion. —— = qvB
v
2 5 3 niv
Radius of the circular path. r = =
q.

4. In a velocity selector, v = B

/| ‘ ar article 1€ acealer 1
5. When a charged particle is acceler: ted through a potential difference V, the increase 1
the Kinetic energy of the particle i« Lot ! mu? = Vg

6. Encrgy of o quantum of electromagnetic radiation (y photon) is E =/ = e

4
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7. (i) Einstein’s photoelectric equation : /v =W, + { mV?

may

(i) W, = hv, = h—
/.

d

: 1 o
' (iii) Stopping potential, V, = ( s mV=,, \) _ (h\ M“>
¢ / e

(28) ATOMS, MOLECULES AND NUCLEI

1. Angular momentum of the electron in a hvdrogen atom is

Io = mr*w = mvr = e (h : Planck’s constant)

H’Z (’2

2. (Centripetal force acting on the electron) — e
r ne r*

_ . o e n-?
3. (i) Radius of the nth orbit of the electron, r = ——
. mme-

-
&

Sk, 1 , ¢
(ii) Linear speed of the electron. v =
_ 2e.ith

4
: ‘ Tme
(iii) Angular speed of the electron. ) = T,—LzT
2e“n"h”

s . . 4e 2n’h’
(iv) Period of revolution of the electron. T = ———
me

: 4

. me
(v) Frequency of revolution of thg electron. f = PRI
“nh’

2
— €

4. (i) Potential energy of the electron i

feor

o

ii inetic energy of the electron =
(ii) Kinetic energy of tl Srer

. 4

1 f the electron ¢ e

otal energy O = =~ A=

(iii) T gy ol 8e,r 86‘?’,)1"/1“
e me*

5. Binding energy of the electron = RRer =3 e’ 2he

6. Energy of the photon emitted/ absorbe

me* [ 1 I
— — — | [where n, > n,]

= hv = E - En = £y 2’
"2 L= geh? \ny,s n,
0

7. Frequency (v) of the electromagnetic ~adiation cmitted/ebsorbed

4 .4
=En2—Enl_ ne (l —-l—.l
[/ TR

n - 8¢’ \n”

a
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8.

10.

11.

12.

13.

Wave number (v) of the electromagnetic radiation emitted/absorbed ang the

corresponding wavelength (4) are given by

1 v me* 1 1)\ 1 1
L v_m (L )=R|—=—=
A ¢ 8glhic\n’ n )/ n’ o n,

4

8e 2h3c

(4

) is Rydberg’s constant.

(i) For the Lyman series, n; = 1,1, = 2,3,4,..., 0
(ii) For the Balmer series, #; = 2,n, =3, 4 5, vy OO

(iii) For the Paschen series, ny = 3, 1, =4,5,6, .., ©

. Law of radioactive decay : N = N,e~ "
2.303 N,
Decay constant, A = logio | =
t N
0.693 N,
() Half-life, T = —— (i) For 1 =nT, N = 52
According to Einstein’s theory of relativity,
Mo andE =me? = —=L_ = moc? + K

m=—r———r —
V2 v2

2

Energy of a photon, E = hv = h — = mc”.

>0




