PHYSICS
WALLAH

ELECTROSTATICS - 1

Charge Coulomb's Law

uantization of charge
o ° Qur £ QFe gy O
Q=t+ne Q=Total charge — 0

€, =Permitivity of free space

n=1,2,3....

e=1.6 x 10-1°C
Additivity of charge L RIIQY | [ATIIAT] ) e
# A E T T LT LT
Q =Q,+Q, F

air

Frea™ "k

. . . F F
Reglsmbuhon of charge Q,— k—Q,
' k=dielectric constant of the medium
Q- QQ Superposition
2 Direction:

Q'=Charge on each shell after redistribution | 4) ike- Towards the point at which force has to

be evaluated (repulsion)

Charge Density b) Unlike- Away from the point at which force

Linear Charge density, }\;g Unit= % has to be evaluated (attraction)
L Q ° i Frt General rule
Surface Charge density, G=-—- Unit=",
S Frer =V F2 + F2+2F Fcoso
Volume Charge density, p =% Unit:%3 - F,
o F E
Q=Total charge V=Volume et When 6=60°
L=Length S=Area Fus{3F
60°
: F
O ° F. When =90
If a charge on the body is 1 nC,then
how many electrons are present on the body? F Fa= 2 F
a) 1.6 x 10* b) 6.25 x 10° 5
c) 6.25 x 10¢ d) 6.25 x 10%

. Frr  When 6=120°
F 1200 F""= F
F

Time period of Charged Properties of field lines

Pendulum in an electric filed

QE T=2 1
Ve

Time period will increase

Start from positive charge and end on

negative charge C :

2) Never intersect each other. If they intersect
there will be 2 directions for electric field
which is not possible Tangent

| 3) Always perpendicular to
T=27 L QE\ ) Conducting surface
QE (9+%)
mg
- Time period will decrease

4) E O Electric field
‘E line density

QE T=2n |—l—
V| (@*+(%)

Time period will decrease

mg

Electric field inside a

dielectric medium 5) Never form closed loops (Conservative force)

6) q Otno. of field lines
lgl>1ql
9 9.

?

H Electric lines of force about negative
point charge are:

a) circular, anticlockwise

b) circular, clockwise

¢) radial, inward

d) radial, outward

Enet= E- Einduced ‘. Einduced= E - Enet = E (1 - %)

Equillibrium of Charges

Calculation of Charge

Q1 ! q z Qz
Q. () g in gt
Q. r, q in equillibrium

Q; in equillibrium

Q, in equillibrium

3
A charge is placed at the centre of

Charge on pendulum

_9qE s ——
tanb= mg _
oo\ | E
ing=t— 9 = \d
Sin6= Al : qE
r=2lsin 6 mg
ifois very small
tanpxSind
- G
2l — mg
S- ke g
mg
6 |6 Density of ball "pP"

it © does not change on submerging in liquid
Dielectric constant of liquid,

the line joining two equal charges Q. The syste:
of the three charges will be in equilibrium if q
is equal to

a) -Q/2
b) -Q/4

c) +Q/4
d) +Q/2

Electric flux

Flux is proportional to
total no. of field lines

®=JE.ds cosf
0=[E.ds

Gauss Law: - o= sq—o= fE.ds cosf

Zero flux:- 0= qg=

0

Electric flux for Cube

1) No charge inside the cube

Charge inside q=0

| 2

Charge inside g=0

2) Charge placed at the center

~
® - q

— o~ o

-
G)m side 680

passing through an area

T =0,where q,.,=0

i —
T\ o]
L T % K= ——
| p-c
+

density of liquid=c

3) Charge placed at the face

1.Q

Q.1
86" 37245

qc)ube: 4¢,

Q.1_Q
0= 50 4 = 1680

6) Flux through curved surface

Dt 20

effective  ~ curve

()

cross section

Electric Field

E| Electric field at a point, due to
point charge Kq
1 E=%
Ex i r
1

K=
4nE,

Superposition

General rule

Euer =V Ez? + E2 +2EE,cos0

El
o 7 £ -€f
E,
E,
° C AR B Ere EReEE,
If, E,E,<E Then, E,=\3 E
60"
E
. Ew
E, Eui =V Ez + E2
€ If, E,E,=E Then, E,=\2 €
N o Ew=VEz+ E2-EF,
)
= If, E,=E,=E Then, E_=E
Direction

1) Positive charge:-Towards the point at which
electric field has to be evaluated

2) Negative charge:-Away from the point at which
electric field has to be evaluated

Application of Gauss's Theorem

1) Point charge E=K—q f
2 E

2) Metal sphere/Hollow sphere r=
.k
surface”  R2 é
KQ
Eursiae™ 2 R =
Einside= o

3) Non-Conducting sphere
_ KQr

Einside- R
KQ

surface R?

KQ

outside~  p2

4) Conducting sheet

+ 4+ ++

m

n

&la
+ 4+
+ + + + +

+ 4+ + 4+ + + +

5) Non-conducting sheet

_C
E= 25 .

Neutral Point

Like Charges

X, =
x x \‘Q, +/ Qz
Q, O—1§—20Q2
4+—r—
Xz-:

Unlike Charges

Outside closer to smaller charge

Distance from Q =x+r

J Two point charges +8q and -2q are located
at x = 0 and x = L respectively. The location of a point
on the x axis at which the net electric field due to
these two point charges is zero is:

a) 8L
b) 4L
c) 2L
d) L/4

Quurer || Rirrer

Qinner= Qplare - Qourer

Qplafe

7) Electric field due to a finite linear
charge distribution

E= sz)‘ sin(®%,)

IR

8) Electric field due to a infinite linear
charge distribution

E=2K

>
R

Charged particle released
in"an electric field

1) Force, F=qE
. qE
2) Acceleration, a=-

. E
3) Velocity, V=qﬁ‘f

4) Velocity, V= 2¢E
m

N q°E?2
5) Kinetic energy,K.E = B
E— E——

accelerated in the accelerated opposite
direction of electric to the direction of
field electric field

v=[v, v, 2

accelerated in the direction of field and
perpendicular to initial velocity

M, e _ 11
TAL—1837 ,F—1.7x 10

¢ %aF: h=Constant

1qE,,_
| ) fe  Zmt=h
T |h t, 2cm

1

P :[EE]I/2
T Im,

>t1,

9) Electric field due to circular arc at its
center

A

R
o e,

E,=-2KA sin(y,)

eg: For a semicircle =180
E°=sz)‘ sin(te)
_ 2kA
-r

10) Electric field at the center of a
circular ring

* *
*
rrrar®

11) Electric field due to a circular ring
of charge

_ 1 x
_4"80 (<2+r2)¥2

E

(For large distance)




1 QQ

AV=Zme, Tr

—-— e eas eas  es e e

ELECTROSTATIC POTENTIAL
ENERGY

2 point charges

O : O

Q

<

Q,

like charges - positive (repulsive energy)

Unlike charges - negative (attractive energy)

System of charges
AU__. =3 AU nn-1)
2

system

Q,

Q,

Q,

No. of pairs =

pair  No. of pairs =

4x3

=6

KQ, Q, kQ, Q, KQ, Q
r * iz * ri2
KQ, Q KQ, Q, KQ, Q,

+

Total P.E =

r r r

WORK DONE IN REARRANGEMENT OF THE SYSTEM

k@ 3kQ?
" T2r T Tr

DIPOLE

Dipole moment

R PF +Q

3=q27 T

Direction is from -Q to +Q
_AP=ql

P=ql

-q

| P=2qlcos30°= 21/3I(t)

Q. Fine net dipole moment
-q

ELECTRIC FIELD

p

K
Ep= =P 3cos?0+1
3
r

E, .~ Kp J/3+1 = 2P O°with dipole moment

E.. from -Q to +Q /

180° with dipole moment
E.. from +Q to -Q /

~
7 ELECTROSTATIC POTENTIAL
/' o—— v =t 2
O A L L]
WORK DONE
S % w=gvvg

500 q -500

———>——= " w = x (-500-500)= -10007

Superposition of potential - Algebraic sum
of all potentials

ZERO POTENTIAL

a) Like charge-no zero potential point

b) Unlike charge- 2 points of zero potential on
line joining

Q r »RQ

T Q,r
Inside point = a= z_+ Outside point = b=Q‘—r
Q*Q, Q-Q,

7
P ., _kp Cos®
A 2
0 _Kp -
b +q axial ? equifor‘ia
TORQUE
Uniform field
— - Rotational motion only
— - No translatory motion
P 7
ECo
T=PxE
T=PESin0

/; - Both rotatory and

P translatory motion /

qE,

e /

Non - Uniform field

-~
7
2kqQ
mm: |'|'\V2 :

N % ---.Q

m.q Large distance i

< g )fuxed
e |

vakQ 2
R 1
1
| 3
]
! >

T r=R
. = . = K -
case 1: Vi, =Const  case2: V. = é case3: V. = $
v X

= Vsurface™ g
Redistribution of Charge when two Conducting sphere are connected
Q __, Charge flow from higher

1 potential o lower potential
Final potentials of spheres are equal

1 Q1

,

4me, ™ 4me, "
Q*Q) r Q*Q,)r,
= 1 2/ 11 I=
Q‘ - r+r, Qz r+r, /
Q. B S
Q r E rn o, 1 Y

T .= PE sind = pE, 0 = 90)
T .= PE sinf = 0,0 = o)

WORK DONE
W= pE (coso;-€0s6:)

POTENTIAL ENERGY
U= -pE cosO

1) U_,....(stable equilibrium)

. 0=0°
_____________________________ N coso=1
...... SN DO AU U-= -pE

-
7
~

l

— emmm e e e e e

-
/ EQUIPOTENTIAL SURFACE
a) ’
v, v E VA=VB>VC
Equipotential surfaces
b)

Equipotential

v~ surfaces . . . .

¢4 et ¢) Field lines and equipotential
force .

L surface are perpendicular to

each other at every location.

d) work done in moving a charge
on equipotential surface is O

ELECTRIC FIELD & POTENTIAL

--dv -oV -V -V
E="— =g =V g-"X
ar B ax &° oY £ 0z

AV=-[E.dr /
v

/@ PHYSICS
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LI J...»g COSO=—
................................. - U=+pE

Fe=1p % coso

where, dE= small change in field
at the two locations /
of the charges



CAPACITANCE ENERGY STORED

Energy stored

CAPACITANCE [ R S,

A — 50% in capacitor . Parallel combination
_1 _CV? DIELECTRIC IN CAPACITOR ] , 3
Q=CV Work done | =3QV =73 4 Connecting two charged capacitors - Case 1 \ —
d - Q b! b\c/:ﬂ'ery _ Q ' L KEA v,
v (100%) 2 * // - ©74 RS | Co= C1#C,+C,
| C= EA — 50% Energy dissipated . K _ Cc=KC CV,+CV, Q. Ceq: nC
v d _1 Qv = CcV? . - Veommon = —8 = _I I_ [if C=C,=....... =€,=C)
2 2 + // - C1+C2 Ql
Capacitance Depends on @ + A - _I I_ |,
1. Distance betweent plates T 2c / ol D _ CcV, I I
2. Area of platesi . ’ _ v
3. Medium b/w plates Variation with + ? -t EA Initial Final Charge divider rule
Capacitance is Independent of plate seperation + / - d-t+t Energy N Energy Q«xC
1. Charge + % - K Heat loss , .
" . <+ - 2 2
2. Potential difference : 4 ; U - (24 ) [24 U, - 1 (CI+C2) CV+Cy, 1_| I_ 1 c
Unit Of Capacitance = Farad t 2 2 2 C,+C, Q.= ( C L C )Q
+
/ M ZZ ~ B - CICZ (v _vz) ! 1 2
W ZZZ ] Energy loss = ————— 1V, C
+ ééé - EA 2 (C +C ) .
B v - H b, el
. ééé N ?1+EZ+E3 \_ Connecting two charged Z € Q J
+EEA- ! capacitors - Case 2
t, ot jﬁ C v WHEATSTONE'S BRIDGE
— — niml
Dielectric inserted in capacitor RAZYA"
\ Battery removed  Battery remains Veommon = —C C
1. c=KC connected 172
2. 3=Q 1. C.=KC _l I_Cv
Y 2. Q: KQ
) 3. v= 2 ccC
+G._> o E:%: Q _¢ov a1 — (2_d>‘ 4 E E 3. V=v Energy loss =—2 (c1+2) (VI*VZ)Z
‘P E o AE, AE, i 4 E-E \ 1762
c=EA et € \ 5. U'=% 5. U=KU /
== == : :
SPHERICAL CAPACITOR Grouping of capacitors
Battery _Battery \ 1. Series combination
v=ed = & connected Disconnected g MULTIPLE DIELECTRICS
©Ag, d- 2d d— 2d ‘ ¢ ¢ 1 1
Force b/w plates of a parallel] 1. V=Constant 1. Q=Constant _I H I_ . ¢'C 1. Series combination 2. Parallel combination
plate capacitor R R zkA
L € L € C=4mER c=gqng |Z =V*V, k" TA
2.C= 2.C=— °| R-R
+0 -0 FoOnE 2 2 z 1 I C.C, k1 kz e
-Qx Te— 3.Q=cv, Q=¥ 3.v= 8,\/': 2V REDISTRIBUTION OF CHARGE | : “ c1+c2) d Zd’k _kA kA
1 = . . eq
4. E= dl E= 25 4 E- Q Constant 0O OO e ric Voltage divider rule kl %
_ Qz _ Cc2\? B SOA CV? , ASO OO e R '-HZ/ vaL k, |4,
T2Ag, 2Ag,” d ZAS 5. F=i, F= F Q . C OpO Big drop /=~ V=NV C 2
2d 4 5. F= 2AE onstant n drops (V.q,C,r) UI'H%U C2 C k1 k2 .~ 1 ki"ki k+k
- CV? CV? U 0 = v1= \" V2= (—)V + k = 12 22 _1
T ad 6. U= L U=2- Q) \\ J C+C, ¢rC, " A, A 2
2 2 6. U=~ U=2U d ld, Al
Al il S




CurrentI= qT

Average current I, = %

Instantaneous current I, = %qt-

Average current I,

area under I-t graph

total time taken

2 XoYo
Concqve qrea =

L*’I

1 XoYo
Convex ared = 3

Cutting of wire

I 1, 1
Rzalz 1 "2 73
o (i)

Stretchlng of wire ofwire ,,

RioLly

0 @ 0

Before stretching After stretching

E(HEHEE)

If | become nl then R become n?R
If r become r/n then R become n*R

Ifchangein ¢ _p,
length>10%

1,215
x100=-—=—x100
1 Iy

If change in length <10%
1)% change in R=2x% change

in length
2)% change in R=2x% change

in area
3)% change in R=4x% change

| in radius

P

CURRENT ELECTRICITY

Free Electron

Free Election

<KE> = 1 kT
2 E accelerates

the electrons
<% mv?>= 10%)

o> o
Avg. Speed = 105 m/s | V=utat
Electrons are in Vg=at
random motion E
V4= F T
Avg. velocity =
- = - - V
Vi+Vo+V3+.LV, E= T
—_—
Lee=0 ¢ mI

Metals, Ol =+Ve //Allu',-
If TTRT
—
I,
For semiconductor o= -vVe
If TTR
—r
a= slightly increasing with L
temp.
Resistance slightly increases
with T
Variation of T
resistance with AR
temperature o = RAT
Equivalent temp.
Coefficient
SERIES: PARALLEL:
oz i RaroRy oo e
Ri+ Ry PT T

RitRy
i — oyt i — oyt
ifR, =R, o= i ifR, =R, o= i

R

- Dependence on shape
1) Uniform shape

eE
=M=

P p—.
Here E is uniform so,
E, =E, =E,
2) Non Uniform shape

‘_._'___...-
.ﬁ E;>E >E
=
Vga E Vg > Vg > Vg

Va1=Vd2=Va3

3) Relation B/w Current & Drift velocity
I=nAVe

i n= no. of e's per unit volume

D) ==

Series Combination
Current is constant - = N
voltage is divided . .
RS=R]+R2+R3+....RH
N " ¥ i—"l—i -ll—v'l—'
If resistors are HTE

identical: Rg=nR wll

Parallel Combination

voltage is constant
current is divided

If resistors are identical: Rp= =

n
Shortcut for two resistors in parallel
Ri Ry
R+ Ry

R, Bigger than largest value of

R, } resistance
R,

Lower than smallest value of
reS|st0nce

V=IxR

Voltage - | N
volts (V) Resistance
Current ohms(Q)
W Amperes (A)

"IN 8

T,>T,Slope = tané = R

| Depends on
R= L_I.Material (n & 7T changes)

2. Temperature (n & 7 changes)
1 3. Dimension (Length & Area)

Depends on
| ne2T — 1.Material (n & 7 changes)
2.Temperature (n & T changes)

Non-Ohmic Conductor
V-I graph is not linear

Slope of tangent dv _

-
Resistance is not constant
1)Slope=+ve

Resistance = +ve

2) Slope=0
Resistance=0
3)Slope=-ve
Resistance = -ve

VTthenI?

V1thenl]

Current Divider Rule
V =Constant Ioc% L R,
L R,
|’(R2 'Iz = IXR1
+
R]1 R2 Ry + Ry

Iy =

Voltage Divider Rule
V,=IR, V,=IR, V,=LR,

D= O

Uniform cross section

Ei=E2=E3 ..
S i=)=33 f——
Non-Uniform cross-section

Je L

A

Ei>Ex2>E3

S>>

But current is same

Ii=D=I3

val
Vi —— By Ry Ry
R1+R2+R3
VxRy W, v, v,
Vz = T l-ll_
R1+R2+R3 wll
v’(R3

V3 =

\ R1+R2+R3

==} I

Ist Digit
2nd Digit
Multiplier

Resistor color code
Calor Dige | Mubiplies | Toleramze [Tai
Black [: i
Hroum 1 jLig 1

R 2 it g 2

Cirange £l i

Wellow 1 i

Green 5 Ui -5

e & i (25

Winkot T Lo a1

Grey 4 i1

Whae= 5 in?

Gold 101 5

silver 0= 10
= m

PHYSICS

QY WALLAH

_ph
Ib
_Pb
Ih
P
Roox (max length)

(min Iength)2

Circle formed by wire
having uniform resistance per
unit length (r)

0,9,
Reff =ra
0;+0,

When resistance of wire forming
circleis given




1. Junction Rule

ZIin = z‘jout
L+l + 1+l =1+
2. Open Circuit

ma—-] B V,-V,=-E
(2)A -—II|T-B V,-V, = +E
(3)A >—" N8B V,-V,= IR
(DA —ANNK2B VY =R
Closed Circuit
(1) abcdea

| 401 +1 -45+301, =0
(1) aedfga

-301,+ 201, +1,+80=0

£20a

2) Parallel Combination
ELELE, E
A E g = 1T T

1, 1,1 1

AR

b)r

equivalent =

1
1,1 1 1
A

(c) If all cells have equal emf. E & internal resistance r then £

equivelent

r T
equivalent = — = currentj = E
n —

x
TR

EV
(d) Power dissipated in the circuit P = I2R =( n ) R
r+nR

- . r
Conditions for maxiumum power R = —

3) Mixed Combination
D e L —

mo ®o B,
Lid L Li
L L B X
mrows |, ' b i _‘
L
=25 Totseml = £ = nE
e = 7 Totaleml = =
LTI
R, -
= H-l.,“
2 Te. —_nr
b, o By muE* [ R=DL]
4R 4r
n cells connected in series and there are m such branches
in the circuit.

Internal resistance of cells connected in a row =nr

=E

r

g
A-l-(—l A

V-V, =E-Ir

Terminal potential difference (TPD)

1)When current is drawn from cell

E ¢ V=V, V,=E—Ir
!' ik TPD< EMF
E
A W8 V=E-Ir=R3l=p
So, V E R
o, V=
R+7r

2) When current is given to cell

\

V=V ~V,=E+Ir

TPD> EMF

e

Infinite resistors

R, R, R,
A AA AN AAN 2 A -
LA LA AN LA ALY v [e%)

JT' e 3k 3p
Ay 'l'v‘- 'l-v‘- "I‘IN— = 'O'O'
R, R,

_R+R / 4R,
F{eq— > 1+ 1+R1+R3

If all resistors are equal Req = R(1+ \/é)

\.

& S
-]
. 3
Edge Rﬂ =% -
]
‘ 2
B
D
R
o i
Face F\’eq :? 44
gt E
=}
A R
kS
n =
5R " *
Body Ry = 5 B 3
A R
B e
R

e

3) When cell is in open circuit

=
A—E| wasa—p  Here, 1=0

TPD=E

3) When cell is in short circuit

R

VP_VQ
Current through G = 0

Ve #V,

it LR
R R

then Vo >V,

-

1) Balanced WSB

Balanced Condition —= = —=

2) Unbalanced WSB

QY WALLAH

Slope of graph =-r g
y intercept=E

\Y

Power delivered by cell during
withdrawl of current

Internal Resistance r:[ﬂJ R

R+r

Maximum power l’“
transfered

2 E2
P:|2R:[L]R Pmax:?,whenRﬂ

4 PHYSICS

R

_E

T

R
R

R,

\.

A -
P_R__ ¢
Q X 100-¢
POTENTIOMETER
[ e .. 3
f—
’ B
Ly e

1) Series Combination

3
(c) Current,i= ==
>r+R
(d) If all cells have equal emf E and equal
internal resistance rtheni = nE
Nifnr>>R => i= % nr+R
=> j= hE
2)Iifnr<<R => i= £

2
nE
R
nr+R
Conditions for maximum power: R=nr
P_. = NE/4r

(e) Power dissipated in circuit P=IR = (

B _Li+1

E L1,

POTENTIAL
e
Veg=|———=|R
r+R,+R
where, R= Resistance of potentiometer wire
POTENTIAL GRADIENT
xoVe_ R [ e |R
L r+R+R r+Rh+R) L
L
(e A
1. COMPARISON OF CELL 15—
E=|_1 P
"
E, I, Y
14
2. BOTH BATTERIES ARE
CONNECTED TOGETHER
(once with same polarit: _l
then with oppositgpolar%y) f
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@

2
VP VP, (Vi )
Puissipated &
~\‘r‘ ‘\|r’ Pl'aai
3. CALCULATION OF INTERNAL RESISTANCE @ Qf? 1 FUSED BULB
e m ; oO—
Ir.. x & Pd( brighness) Praed -..‘I i
YL aLr O li'
i B ' @) 1 a2 thenP, <P, e
L . o i f—
P ¥ A POWER wmw  maw sew Brightness : B;>B,>B, @u
S S dH & ECONNECTED IN PARALLEL
— — — - 12 Wty
E , P= e VI= R =I°R B o (Ve ) If bulb 2 isfused then,
r=R(——1J=R “1-1 e TTTR for bulb 3 forbulb 1
\ l, ELECTRIC KETTLE PV p L R1 vi
. i irst coil- t, i ii- R TTR COMBINATION OF BULBS .
E=VPQ when key is open Time taken for first coil- t,, time taken for second coil-t, 1 b V1 Pl Current sensitivity
if they are connected in series if they are connected in parallel 2 Pd(brighnx) o« 2 = Rl raed 2 SERIES PT B l Si= 9
V=V, when key is close =t +t, t, =z Viaes) (Ve ) TOTAL POWER B1 T
L+t =) Fraen =) PP where, 8= angle of deflection in galvanometer
d( brighness) o rated = 12 If bulb is added in parallel:- " 1= Corresponding current in galvanometer
BULB Fi + P2 for example if bulb 3 is added in paral\ltflito 2 then Unit: diisions og _rad
\ . - - A
V2 Vv |f P) > (P ampere
P = ’;‘:‘ = R= P’Le" ( ‘)R ( 2)R PARALLEL Voltage sensitivity
rated
=>Br|ghtness(Pd)]> (Pd)2 s, = %
CONNECTED IN SERIES forbulb3 for bulb 1 h 6= angle of deflection in galvanometer
vP Rl v1 where, V=Corresponding voltage across galvanometer
— vl wisi
VP, P=R+P, | i v on 22
P yissipatea = PR k Bl B1 GALVANOMETER TO AMMETER
Pdissiputed “x*k f£ € Ny T s s —
] 1,G G
BrightnessocR L9 S B LS -2
H I-lg n4
F TET
i o |
i Wheren = a
.nnTrlmE'r GS
RESISTANCE OF AMMETER R =
G+S
RESISTANCE OF IDEAL AMMETER = 0
GALVANOMETER TO VOLTMETER
, oo, V=1G +R
I WW———— v
' ; R=~-G=(V-1)G
Y TIT 4 lg _(Vg
; =(n-1G
where, n=\V_
RESISTANCE OF VOLTMETER = G + R Vg
RESISTANCE OF IDEAL VOLTMETER = CD ‘




Biot-Savart's Law

Idlsi
dBoxX dl:,zne
Ho Idlsino
4n r? > r
Ho—=magnetic permeability of
free space or vaccum I
Ho=4mx107
In vector form,

dB=

mo Mo —dixr
a8z IS

dB is perpendicular to bothdl and ¥. BY using right hand
screw rule we can find direction of magnetic field

Here, B is into the plane

2

Magnetic field circulates around the current carrying wire

MOVING
CHARGES

AND
MAGNETISM

Formula of Field due to straight wire

1) At point P
B is into the plane

= u° (smo<+sm B), ®

B

Bn T
2) AN
AN
\\
AN A
\
AN
AN
L N\
AN
A

~
-
-~
-
~
~—

4

Extend AB downwards and draw a perpendicular from P

3) Wire of infinite length
=90 and P=90

u° I (sin90+sin90)

=.£“Lr,®

4) Wire of semi infinite length

_WI .
B'W (sin90+sin0)

B=%% (sinx-sinp), &

1
o=90°|

—ﬁP
r D=900

I
I
=900 |
I—— v}
r p0o ©

I
pzﬁiiiii+lllllll.p1

B(P)=B((P)=0
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Field Due to bent wire

//
/ B,
g // 1 ﬂoI [1+cos0/2]
//l"/ Bfofnl-B *B =2x p sin6/2 o
//
e
/2 4
0/2
I
/
/I
2

Field due to polygon

B, -—rm"'rrs'“'rr

BI [1-cos6/2]
B Bt B2 2X 0 ooz ©
[ Square \ ( Hexagon \
| [ Jo) 1
I P — I ——
|
_{3KI
B 2‘/_“0 B°_ nl
\ _ j k j
( Rectangle \
o L Note: -
.. To find field at P
I P
4 a2 pCe.p i ~9
1 /(’0( [CN 1//& I 45
P 1 \\ﬁe //
-~ = AN I / I
/// | 2 \\\ //
le T /
4
| ~—T72—— e .
- I
Bf%ﬂl (d'_‘:‘%%al) = Zon@ Here P is a point at vertex

eg: equilateral triangle

_9 KBTI
Bc_-z- l
If a total lenght | is bent as an equilateral

triangle,each side has length 1/3 then,
Bz _22_7 Ho I

T

Lr
X= I]

*Iz

Comparing with y=mx+C we get.

slope m=

. 9

T,

_ -

Pz\ j

Neutral Points

Points at which magnetic field becomes zero are called neutral points.
Case 1: Parallel wires carrying current in same direction (I,>I,)

If y is the distance from 2" conductor then

Ir

TIeI,

Case 2: Parallel wires carrying currents in opposite direction (I,>I,)

5

(]

Case 3: Wires perpendicular to each other

Field wll be zero on all points of the line OP




Wire perpendicular to plane

1) Current directed out of plane

B
e B is in anticlockwise direction

2) Current directed into the plane

6 B is in clockwise direction

Direction of field

2]
1) I® r ? B= U I
_B>-C|ockwise Zar

2)

I

I?, r : ©Iz I,
L
I+I,
6raphs

1) I out of the plane I >I,

r—=

V8

Field due to a circular ring &

Field at the axis of a ring

I __Hy I R?
——g————P BP -2

Every current carrying loop acts as a magnetic dipole

M=IA

Direction of A is determined using right hand thumb rule

Here, M=IA = M=InR?

B= u_o 2
4n (x2+RO

If current is flowing in anticlockwise direction

If current is flowing in clockwise direction

Magnetic field lines
For a current loop

%%E

HoN I R?
If there are N loops, B=

2(x2+R2)¥2

(Field at the Centre due to circular arc \

1
Field at the centre of ring
B, = L
€ 2R
\ y
Field at the axis in
terms of Field at center
BC
Bus =~z
(=
Graph !L
x=0 X —
4 N

Percentage change in field
with respect to centre
for the points on the axis

% change in B = 1-(1+ x2/R2)" x 100%
2

3 X
For change < 10% =(?)( E)x 100%

\ S
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I
Field at centre of full Circle, —"
) /uoI ;\‘ ’x,'
2r 0
S
Then field at centre of arc, o
. M6
B=umr r

where, 9 is in radian

Example I ®

Ampere's Cicutal Law

The line integral of magnetic field over a
closed loop is equal to u, times the total
current enclosed by the loop

-

§ _B>'d_|> = p o Iencloseed l: I ’)“ﬁ’
Example I
r, 1, It \)’d' I,
$Bdi= u[L,-1,+1,)
f Hollow cylinder (pipe)
Outside : r > R Pl 9,
o AT s J*
out = 27'5_l" .“ o ——TF p—l
1 Q~ K
B+ “o....®
On the surface : r = R
B - MI ./,—0—\
* 2TR ; e
.’ R
Inside : r < R ' p |
Bin =0 ‘.\ r /¢
~ \.~ ) ”/
Graph L
Bs
B=o E
\ r=R r—

( Solid Cylinder

On the surface r = R

. MI
s T 27R

Inside (r < R)

B, = AT )r
2TTR?

Bin(xr‘
Graph
1
B Note R
Bout = Bs ?
__________ B -p I
! Bin - Bs R
: Boci
B : ’
< :
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/ Annular pipe \

—

X TC(r2-R.?)

R
o TE (RZZ_RIZ)
M, <I (r*-R,?)
27Ir 7T R2-R))

btw =

Inside

Solenoid

I I
B,: _i. Hon I (coso, +cos6,)

where n—no.of turns per unit length

Tightly packed long solenoid

1) At centre

1%

VR van VALY ARV ALV AAV ALV AV AA

I

B=l-|0" I ,Along the axis

2) End point

0,=0  0,290°

B d:%IJONI = axzis

Long solenoid: Radius is small compared to the
length of the solenoid

For a long solenoid the middle region will have a
uniform magnetic field

(

/ Charged particle in \

magnetic Field
Magnetic Force on particle
F =q(xB)

Case V1B
Path: Circle
Radius of circular path
. mv?
i) Fm= -
mv2
= qvB =
r
_ mv
é r= q_B
ii) Momentum
p= mv= ’2mk
2mk

"

If charged particle at rest is

K.E =qV
p= ,’ 2mqV
qB

If K, # O, then K,=qV + K,

= Jamk  _ [ 2m(qv + k)

\— ° ° _/

\

accelerated by a voltage of 'V’ volt then,

/ Time Period \

2mm
T= 48

= Txpe
Toxve

We have % = specific charge

1

/Calculation of ratio of radii \

1) All particles are projected with same speed:

V=Constant
_ mv=“‘ocm
B q
1 2 4
rr,r=_-_ .- ._ =1:2:
p: d: « e e 2e 1:2:2

2) All particles are projected with same momentum

1
r= p— =2 rX—
qB q
r'p:r'd:r'oc: 1 : 1 . 1 =2:2:1
e e 2e

As radius 1t Curvature |

3) All particles are projected with same kinetic energy

_ My Jamk
" qB qB
=p J;“
1 72 Ia
Po:la:Fa™ o g " 2e
1:(2 1

/Helical path & pitch\

V makes angle e with B (e #0,m ,n/z)

Path of charge is Helical

— V"-’ ||'l'o§
v_

VJ_—) J_foﬁ

1) Radius

R= mvsin® - 2mqV sin®

qB qB

2) Time period

2mm
T= P
3)Pitch =V, x T
=Vcose x 21m.
qB

=2"(%) Cos6

=2 JZmK Cos6
qB

=2 Y2V CosO
qB

f‘\ PHYSICS
” WALLAH

= Tx
\ specific charge j

Toroid

r is the mean radius

/unit and dimension of B \
F=qvBsin®

qvsin®

Bouf = O [B] =
Bisice = O
Bin between = HONI /

Qnif - kgA-ls? = Tesla (T) /

F

MLT-2

- -1T7-2
AT x LT MA-T




-

-

consider a small element dl of the conductor

Here, | =0
k .'. ﬁ:o

Magnetic feld oul Defiection plate
of the pagper =
7
..'. 5 |i| 5 :17-:\_!| Poari
] = SN
A E Sy |
¥
{ i \ Y Charged
'l W +particle
| ey
| LD
T b -1 __,-' . /
| = o =
el e | o Ly
[ -] o [\
;i o

e —
OSCILLATOR

o

Cyclotron

1) Maximum kinetic energy
q?BR?,
2m

‘max

2) Number of oscillations ,N

Work done=AK
q?B?R?

NxqEd=

E is in the plane of the dees

2
3) Time period of revolution= anm

qB
2nmm

4) Cyclotron frequency v =

\

-~

T A I,

r_'FR

< r

Attractive

Force per unit length of conductor

H II
F..=F, = 2_'(r)r _rl_%

dF=I(dIxB)
To find resulting force
JdF=/1(di xB)
=I/dixB
In uniform field
F =I(/T;|) xB -=I(1xB)

The above equation can be used in the following situations

1)

2) 1., perpendicular to B

0=90
qusz IeffB

For closed Loop in uniform field

rce on current carrying Conductor\
in magnetic field

X

X X X X

X X X X
X xdi%x x
x T X X
x 'x x x
X X X X

F=I(l,, xB)
=I | Bsino

eff

Force between parallel conductors

1) Force between two long parallel current conductors

Parallel currents attract each other. Anti parallel currents repel each other.

K Net force on 'I' length of conductor= ::

~

I, A I

'}l

F21

< r

Repulsive

2T I
%xl /

/ Lorentz force

A charge q in an electric field E experiences the electric force

F=qE

The magnetic force experienced by the charge q moving with velocity V in the magnetic field B
is given by

F_=q(VxB)

The total force,or the Lorentz force,experienced by the charge q due to both electric and
magnetic field is given by

o

F=q[E+(VxB)]

N

x
x 1%
x
x

X X X X X

/

Note:

K

1) The constant, NAB

the galvanometer.

G =

\_

is called galvanometer

constant or current reduction factor of

2) Figure of merit of a galvanometer

~N

-

Moving Coil Galvanometer (MCG)
T= NIABsin0

Sensitivity of a Galvanometer

& _ NAB
D NAB

Current sensitivity, I = K

Where K— torsional constant

 — deflection of galvanometer

Voltage Sensitivity

/ Voltage Sensitivity,V. = % = %
X _ NaB
K KR
) Current Sensitivit
NAB ) \_ Voltage Sensitivity= Hrren Rensn Ty

J

Scale

Pointer —» Permanent magnet

Soft-iron
core

Uniform radial
magnetic field

/Magnetic dipole moment of

Motion of charged particle in Crossed
Electric and Magnetic field If.BiveIocity selector]

F=qlE+(VuBY]=F,+F,

m|

I
»>

X

|
\ /

?E=q€=qu
F,=q(VxB)=q(VixBk)

~ F=q(E-VB)]

If v=E/B Fret=0

Charge moves in a Straight line

Thus,electric and magnetic forces are
in opposite directions as shown in figure.

MOVING
CHARGES

AND
MAGNETISM

a revolving electron

.e
I= 5

T is the time period of revolution

- £L @

There will be a magnetic moment,usually denoted by H
associated with this circulating current

~Tnr2=&VYr
p=Inrs==5
e e -
=o— (mvr)=5—L L=rxP
2m, 2m, =rmvsing
=mvr

In vector form

. -
Fese L

The negative sign indicates that the angular
momentum of the electron is opposite in
direction to the magnetic moment

The ratio of magnetic moment to the angular
momentum is called gyromagnetic ratio

M e

L 2m,

Its value is a constant and is equal to 8.8x10'° C/kg
for an electron

According to Bohr's quantization condition, angular
momentum assumes a discrete set of values, namely.

L= %where n=1, 2, 3.....
h—planck’s constant

Taking n=1, we get,

- € - -24 Am?2
k pmm-“n"‘: h = 9.27x10% Am /

~N
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/Torqu.e ona current Joopin
a uniform magnetic Field

5
-——>

—
| ~ B

L g

h
——

"

Then T = NIABsinQ

Special cases:

i) WhenQ= 0°

T =0, ie, the torque is minimum when the plane of the
loop is perpendicular to the magnetic field

i) When = 90°

T = NIAB ie, the torque is maximum when the plane of

the loop is parallel to the magnetic field. Thus,
Qx: NIAB /
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ELECTROSTATICS - 1

Charge Coulomb's Law

uantization of charge
o ° Qur £ QFe gy O
Q=t+ne Q=Total charge — 0

€, =Permitivity of free space

n=1,2,3....

e=1.6 x 10-1°C
Additivity of charge L RIIQY | [ATIIAT] ) e
# A E T T LT LT
Q =Q,+Q, F

air

Frea™ "k

. . . F F
Reglsmbuhon of charge Q,— k—Q,
' k=dielectric constant of the medium
Q- QQ Superposition
2 Direction:

Q'=Charge on each shell after redistribution | 4) ike- Towards the point at which force has to

be evaluated (repulsion)

Charge Density b) Unlike- Away from the point at which force

Linear Charge density, }\;g Unit= % has to be evaluated (attraction)
L Q ° i Frt General rule
Surface Charge density, G=-—- Unit=",
S Frer =V F2 + F2+2F Fcoso
Volume Charge density, p =% Unit:%3 - F,
o F E
Q=Total charge V=Volume et When 6=60°
L=Length S=Area Fus{3F
60°
: F
O ° F. When =90
If a charge on the body is 1 nC,then
how many electrons are present on the body? F Fa= 2 F
a) 1.6 x 10* b) 6.25 x 10° 5
c) 6.25 x 10¢ d) 6.25 x 10%

. Frr  When 6=120°
F 1200 F""= F
F

Time period of Charged Properties of field lines

Pendulum in an electric filed

QE T=2 1
Ve

Time period will increase

Start from positive charge and end on

negative charge C :

2) Never intersect each other. If they intersect
there will be 2 directions for electric field
which is not possible Tangent

| 3) Always perpendicular to
T=27 L QE\ ) Conducting surface
QE (9+%)
mg
- Time period will decrease

4) E O Electric field
‘E line density

QE T=2n |—l—
V| (@*+(%)

Time period will decrease

mg

Electric field inside a

dielectric medium 5) Never form closed loops (Conservative force)

6) q Otno. of field lines
lgl>1ql
9 9.

?

H Electric lines of force about negative
point charge are:

a) circular, anticlockwise

b) circular, clockwise

¢) radial, inward

d) radial, outward

Enet= E- Einduced ‘. Einduced= E - Enet = E (1 - %)

Equillibrium of Charges

Calculation of Charge

Q1 ! q z Qz
Q. () g in gt
Q. r, q in equillibrium

Q; in equillibrium

Q, in equillibrium

3
A charge is placed at the centre of

Charge on pendulum

_9qE s ——
tanb= mg _
oo\ | E
ing=t— 9 = \d
Sin6= Al : qE
r=2lsin 6 mg
ifois very small
tanpxSind
- G
2l — mg
S- ke g
mg
6 |6 Density of ball "pP"

it © does not change on submerging in liquid
Dielectric constant of liquid,

the line joining two equal charges Q. The syste:
of the three charges will be in equilibrium if q
is equal to

a) -Q/2
b) -Q/4

c) +Q/4
d) +Q/2

Electric flux

Flux is proportional to
total no. of field lines

®=JE.ds cosf
0=[E.ds

Gauss Law: - o= sq—o= fE.ds cosf

Zero flux:- 0= qg=

0

Electric flux for Cube

1) No charge inside the cube

Charge inside q=0

| 2

Charge inside g=0

2) Charge placed at the center

~
® - q

— o~ o

-
G)m side 680

passing through an area

T =0,where q,.,=0

i —
T\ o]
L T % K= ——
| p-c
+

density of liquid=c

3) Charge placed at the face

1.Q

Q.1
86" 37245

qc)ube: 4¢,

Q.1_Q
0= 50 4 = 1680

6) Flux through curved surface

Dt 20

effective  ~ curve

()

cross section

Electric Field

E| Electric field at a point, due to
point charge Kq
1 E=%
Ex i r
1

K=
4nE,

Superposition

General rule

Euer =V Ez? + E2 +2EE,cos0

El
o 7 £ -€f
E,
E,
° C AR B Ere EReEE,
If, E,E,<E Then, E,=\3 E
60"
E
. Ew
E, Eui =V Ez + E2
€ If, E,E,=E Then, E,=\2 €
N o Ew=VEz+ E2-EF,
)
= If, E,=E,=E Then, E_=E
Direction

1) Positive charge:-Towards the point at which
electric field has to be evaluated

2) Negative charge:-Away from the point at which
electric field has to be evaluated

Application of Gauss's Theorem

1) Point charge E=K—q f
2 E

2) Metal sphere/Hollow sphere r=
.k
surface”  R2 é
KQ
Eursiae™ 2 R =
Einside= o

3) Non-Conducting sphere
_ KQr

Einside- R
KQ

surface R?

KQ

outside~  p2

4) Conducting sheet

+ 4+ ++

m

n

&la
+ 4+
+ + + + +

+ 4+ + 4+ + + +

5) Non-conducting sheet

_C
E= 25 .

Neutral Point

Like Charges

X, =
x x \‘Q, +/ Qz
Q, O—1§—20Q2
4+—r—
Xz-:

Unlike Charges

Outside closer to smaller charge

Distance from Q =x+r

J Two point charges +8q and -2q are located
at x = 0 and x = L respectively. The location of a point
on the x axis at which the net electric field due to
these two point charges is zero is:

a) 8L
b) 4L
c) 2L
d) L/4

Quurer || Rirrer

Qinner= Qplare - Qourer

Qplafe

7) Electric field due to a finite linear
charge distribution

E= sz)‘ sin(®%,)

IR

8) Electric field due to a infinite linear
charge distribution

E=2K

>
R

Charged particle released
in"an electric field

1) Force, F=qE
. qE
2) Acceleration, a=-

. E
3) Velocity, V=qﬁ‘f

4) Velocity, V= 2¢E
m

N q°E?2
5) Kinetic energy,K.E = B
E— E——

accelerated in the accelerated opposite
direction of electric to the direction of
field electric field

v=[v, v, 2

accelerated in the direction of field and
perpendicular to initial velocity

M, e _ 11
TAL—1837 ,F—1.7x 10

¢ %aF: h=Constant

1qE,,_
| ) fe  Zmt=h
T |h t, 2cm

1

P :[EE]I/2
T Im,

>t1,

9) Electric field due to circular arc at its
center

A

R
o e,

E,=-2KA sin(y,)

eg: For a semicircle =180
E°=sz)‘ sin(te)
_ 2kA
-r

10) Electric field at the center of a
circular ring

* *
*
rrrar®

11) Electric field due to a circular ring
of charge

_ 1 x
_4"80 (<2+r2)¥2

E

(For large distance)




ELECTROMAGNETIC INDUCTION )

FARADAY'S LAW |

~

References from

MAGNETIC FLUX °C no of lines of force
dA B
4

do,=B.dA=BdAcos®
&6/ 0,=/B.dA=[BdAcoso

induced in the circuit

1) Whenever the amount of
magnetic flux linked with a

circuit changes, an emf is

2) The induced EMF is given
b?l rate of change of magnetic
flux linked with the circuit

®, V/S t graph

8Ind:'%.;'.&
. . _ _ Negative sign indicates that Slope of chord AB in
for uniform field, B 0,=B.A induced em opposes the cause @_I: Graph g .40
®,=BAcos6 of flux change s ¢ -'r Ind ff "
. ope of the tangent in the

* Scalar quantity —» Unit —» Weber(Wb) Slndz_Nd;lJ o _F; ovaph ] o
= 8 ="+

tog -mern ) o ®

=3
In uniform B

-

B <Noemal 10 he s T

INDUCTION

LENZ'S LAW &
CONSERVATION OF ENERGY

i B Al
I . E ‘_lf_ '_.n-l"'r "I
—_——}
Mo e x Tore flus Flux = D4 vos @
\ 0,=BA (maximum)
/| FLUx IN Non-UNTFORM | ) [ EMF )
FIELD
Average value Instantaneous
1) Steps of solving €.35- % value
A " _ d
X Px/Tx [AD=0,-0;] €= T 4
B |4 Indu%ad current e
X X | _Sma__1 AO _Ymd 1 do
/ Iand-R-Rf.r Iind"R"RF-F
Charge flown due to induced current
X >/ X NG
v qflown- T
«— b —
1. Take a small strip "dx’ Charge flown due to induced current
2. flux do =BdA depends only on change in flux
[dA=ldx]
3. Total flxo=fdo=feaa | [
b
= [Bldx
- 0 J

PHYSICS
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The direction of any induced magnetic
effect is such as to oppose the change
that produces it

DIRECTION OF INDUCED
CURRENT

1.If flux is decreasing, the magnetic

field due to induced current will
be along the existing magnetic field

2.If flux is increasing, the magnetic
field due to induced current will
be opposite to existing magnetic field

Field causing
flux change

Induced Field

Field causing

\ flux change _

=

CHANGING
® -t GRAPH INTO
OTHER GRAPH

self inductance of a long solenoid

f ]
f 204 Y VI
on,=- 4 M) __ A d 1

/ — Induced emf

|

HMIA

!-r? £ ot 7

| i i s Lo P !
L=,N' A1}

L=Coefficient of self inductance L= L ,NZ A/l

L= 1L n2Al

p=tM o .
f
E=_ % _ pd
dt d
Ok
1 ot
e
+-
Unit of inductance:Henry [H]
v

-

=[MLT-2A-2]

ELECTROMAGNETIC

INDUCTANCE |

- Scalar quantity
- Unit of inductance (H)
- Dimension : ML?T-2A-2

INDUCTANCE

Mutual
Inductance

Current I in the coil changes due to
external source

Causes change in magnetic field inside
the coil

Results in change in magnetic flux
inside the coil

EMF is induced which opposes the
changing magnetic flux

Creates an induced current which is
opposing in nature

E=-LdI
dt
where, L= Self Inductance
I= Current in the coil

NATURE OF INDUCED CURRENT
DUE TO SELF INDUCTION

@ / «—Induced emf

[e] —_—0
+ I -

I Increasing .~~~
4 \

! v 9 v
\\ ’ d?

~ ,/

ENERGY STORED IN INDUCTOR
_1
UB_ ? LT?

MAGNETIC ENERGY STORED PER UNIT VOLUME ENERGY DENSITY
LY U W e
2 R R T
SERIES & PARALLEL COMBINATION OF INDUCTORS
Series |'1 parallel
L1 Lz
— (BT _(oTTe_
L.=LsL, L, =Ll
L+L,

_L
i g

= (I)B =MI,

MUTUAL INDUCTANCE OF
SOME STANDARD CASES

I>>>b

MUTUAL INDUCTANCE

Change in current in one coil causes change
in flux in another coil and vice versa.

Let there be two coils A and B, having
currents I, and I,.
b, < 1,

q)a < I
:>(|)A :MIz

M is called as mutual inductance of the coils.

\.

EMF induced,
- - dIl
T
__do, L
B T BNy
\_
/

MUTUAL INDUCTANCE OF
TWO CO-AXTAL SOLENOIDS

I, = Current through outer coil

B=Wyn, I,
2
q)12= “on?_ I?_)('ITI’1 n1|
M=M:= u nny 5 |

- BoMiNz 2
|




[Relaﬂon between mutual

~

inductance & self inductance

M=K| LL, 0<£K<1

K— coefficient of coupling
If K=1,Perfect flux linkage

DYNAMIC MOTIONAL EMF DUE TO TRANSLATORY MOTION

- Charges accumulate at the ends of the conductor due to its movement
in external magnetic field

- This separation of charges at the ends of the conductor causes a
voltage difference

TRANSLATORY MOTION OF
METALLIC FRAME IN UNIFORM /
NON UNIFORM MAGNETIC FIELD

Metal frame of different shapes
moving in uniform magnetic field

MOVING METAL FRAME IN NON UNIFORM
MAGNETIC FIELD

M= | LiL, At steady state Direction to find the positive terminal
Q v By using right hand rule,
Otherwise — imperfect linkage x[]x | FesF. —2=v8 )'ll‘h g J locit
< [~ [2V| evB=eE fumo - veloctly -
If K=0 i X Fingers - Magnetic field
no linkage E=vB V,or & =Blv Palm - Positive terminal of the rod
P
| Modification | — '
- . X ~ ii) Conductor of arbitrary shape
change of area in magnetic field region i) Velocity is not N
cul v Perpendicular to Vv Parallel to
—_— D -8A perpendicular effective length effective length
x x x| x xA x |x
A AQ =BAA X— X X X
. .| €, A0 _BAA x |x x [ x
x  x  x x x At At X ')*(" = effective Xt" ')=(ff
ff  length
A— A — Area increases, current will be X NIX XNd X
anticlockwise
A— A,— Area decreases, current will be Sin: Bl v 8";0
clockwise
X X T X Semi circular loop in a magnetic field
Shrinking Loop x x x . =
dr x x X @x l.¢r=2R from right hand rule,
Loop shrinking at rate pr N a | E=Bl v P is at higher potential
grnd = Bx2Tlrx dr X X X € =Bx2Rv Q is at lower potential
dt x x
. - S
e ~N )
MOTIONAL EMF : FARADAY'S LAW MOTION OF A SQUARE, RECTANGLE, CIRCLE & ELLIPSE
) IN UNIFORM MAGNETIC FIELD
i) At =0 — iii) Loop has fully
vIoop about to entre entered Z Xl,‘ N N For square,
R - v —_C= =
ﬁ X X X X X 81..4 =0 . | = PQ—E=BIv= Constant
I . =0 X X X RQ & SP—1_, Parallel to velocity
s<_’p X X X X X ind R Q eff
! ([ IX_J%v X
X Xy X s RS — £ =0 (Outside B)
— . .
x Lx1 x For Rectangle Q - Higher potential
ii) At time t=t, 'x’ length inside LT PQ— E =Blv= Constant P - Lower potential
loop X X X RQ & SP — | . Parallel to velocity Current - Anticlockwise
v [y ” . direction
v. . e . RS — &£ =0 (Outside B
I:? X X v) ll': oges:elle:i% Field 8 ( . ) For Circle & Ellipse
- ) Q - Higher potential
X X B (B_v X X
I'"" . P - Lower potential
A=lx  clockwise Current - Anticlockwise - X X
- v
B SrnfB"’ direction CD_' x X
I, — anticlockwise = Blv
“BA= " R
(D'B_A'le Effective length is constantly varying
_x-vT Induced EMF is varying. When loop is entering, EMF first
0= Bivt X x x|V
‘T increases reaches a maximum and then decreases
& =BV X X XT induced current in anticlockwise direction
I - 81" 4 _Blv X X X Instantaneous Induced EMF = B(l ), Vv
ind R R \_ J
N J

R Q
I v
S P
—x—) —a—)
B =u°I,8 - Kot av
aTRSZ'ITx RS 2'|Tx
= HOI = MOI
TX2M(x+a) X 2TM(x+a)
Ia?v
€ cc.o o _Holav
net 81 82 ZTI-X(X"'G)
o J
4 N

INDUCED CURRENT AND
AMPERIAN FORCE

amp

®8

I

ind
v

@ Amperian force

F

amp ™~

_ Bz9fv
R

— Opposes motion

@ Work done by amperian force

W=AKE=0- 1-mv;

Initial vel.=v,
Final vel.=0

@ Power developed in circuit

B2 2\2
P=I?R P= Q v
R
Terminal velocity
~®B
e | 10
R “*| slider at rest
] F,. starts acting
— on rod
L -
= B2{ev
R an,a(_ :))V FﬂmP- R
]

(when is terminal velocity achieved)

T

~

[INSTANTANEOUS VALUE OF

M AC GENERATOR
a=0
B — .F_\.f_f,_.
V=V =constant ¢ = NBA cos0 1| €. =Esin0dt
®B = NBA cosot ‘l-— n 0
_ BZQZVT ! | !_ & "
—adbBv| R || Sme=NBA@sincor g | ] [ o
R anp FTx* A.‘. .l._w 8 = NBA® m[ﬁ_  —
y - o 1 RT Derwi
_ FR when 1’:0 M[_-_ |
wof |t J0 T
Motion of conductor in a vertical plane e DC MOTOR N EQUATION FOR
';* \fr\:‘T BACK EMF
ang- 9 . E-NBA® sin(t
B2 ﬂzv - R
mg= —— i MECHANICAL POWER
mgR fif— i & EFFICIENCY OF
T B electrical machine which converts DC MOTOR
9~ /| electrical energy into mechanical n=backenf _Pout_ e
4 Y .\
MOTIONAL EMF DUE TO \ J
ROTATIONAL MOTION | |~y crpeyrr T
) Steady state — inductor — zero resistance
For current growth in a circuit
- at t=0 Inductor offers infinite resistance
- at t=00 Inductor offers zero resistance
GROWTH & DECAY IN L-R CIRCUIT
g=—8lo
End Q is positive terminal
i) 1 I=I(1-¢7)
X x B T is time constant
Q) Io """""
{ Y
X X
S L ore INITIAL & FINAL STATE OF L-R CIRCUIT
Upper end is +ve terminal =0 Initial state final state
®8 W]L o L -1, R
9~m A~ I _| <
€ at t=
at =0 . .
Initial state - inductor open final state "'?rl"‘ace |inductor'
8= %B(4Rz)m e :\/L Io:% wi a wire
\_ Lower end is +ve ) - J
-~
PERIODIC EMI R
_ R__ _ o e _ o RO
/% 9 &R P A R s/ m I
NsI(':Nb 1 - 2|S N f,';b N S N : s o
L el L L L 2
OOV oY oAl oY | m —
ol 90°i 180° i 27o°i 360°E > l
(D,=NBAcos0 ®2=NBAc;s9O (D3=NBA'\cos180 G)4=NIBAc0527O Q);:NBAc0536O <
=NBA =0 =-NBA =0 =NBA I
Average induced emf m ;
- when coil is rotated from=0°to 90° & = 2N$I'_AO)
- when coil is rotated from 6=90°to 180° & f-ZN-ﬁ-_A(D
- J




ROOT MEAN Average value of
SQUARE CURRENT |ac is defined for ( SINGLE COMPONENT CIRCUITS

N\~

ALTERNATING CURRENT

“If the direction of current in a
resistor or any other element changes

positive or negative

alternately, the current is called an I ayE=[f7 .1 half cycle
alternating current” s > 7 2% .2 . A
I =V n n ( ~7 \ \ -4
I =" V= "o ; Inductor onl ( i \
rms Resistor onl nduc Y Capacitor onl
AVERAGE AND RMS VALUE OF AC L oo L P Y SUMMARY
. i MAAA RLEDZ > TN i JJ€ 4 Z (Impedance) | ¢
If the current or voltage is SAWTOOTH FUNCTION
sinusoidal than it can be expressed as = I 1. R only R 0
. For half cycle TI=—2
|-|osm(t(m‘+¢)) _ 2 2. L onl
vavsin(wt+o For full cycle I= 0 . L only = wlL
i, > Peak current or current amplitude Mean square current T?= Yo' o . @ o o & @ X, -11/2
v, - Peak voltage or voltage amplitude rms current I_= Lo 3 v N V=V sinwt ' V=V sinwt 3. C only X = % o
w=21= 2nf T:Time period 1. V=V._sinwt 1. V=V sinwt 1. V=V sinwt \_
. V=V sinw

T RECTANGULAR FUNCTION o®! 2. izi_sin (wt-m/2) 2. izi_sin (wt+T/2)
f:frequency (Hz or cycle/sec) . ~ 2 izisinwt 0 o
(wt+®): Total phase +Io For half cycle I= Io o 3. °"|C“""eg* leads to the 3.Current leads the

For full cycle f= 0 3. V&I are in phase vo *age Y /2 volfage by /2 m P HYS I c S

GENERAL GRAPH To Mean square current 2= To?2 4 v 4 4. >

if i=i_sinwt ms current I,,.= To I A ® /2 g W A I.I. A H

(0]
. 5. ¢=O,COS¢=1 \_/
e AVERAGE HEAT PRODUCED DURING A P-e I
! CYCLE OF AC e e \Y
1 31/4 T 5 1 A /2
- m\i/ ! Havng Io*R=I *R Vi h" »I 5. &=n/2,c0s0=0
|
I Keep in mind v v 5. &=n/2,cosb=0 6. P=0 (wattless circuits) AL | ERNA I ING
= rms value is also called virtual value or effective value I

i=i, coswt o7 R\ 6. P=0 (wattless circuits) 7. Inductive reactance
i _— = AC ammeter and voltmeter always measure rms value - 7 ) ) C R E
/ N 7. Inductive reactance (X)) e ' , R h ' |

= Values printed on ac circuits are rms values
X =Lw .
L Unit-ohm(Q)

e i 5T/ 1 ﬂo:anv}:l)::;: ac is supplied at 220V which is the rms v Unit-ohm(Q) plays role of
. : = Peak value is 22002= 311V v y plays role of resistance resistance
ofFTTTTTTT . . 6. l0=—o &i_ = Vems ._V0 &i :Vms .V . vms
= Frequency in general is 50Hz R rms 8. iy= 3" rms T — 8.i=-2 &i, =L
quency in g X o~ X X 0= Y rms "%
= for measuring ac hot wire = w=2nf=100TT rad/sec (314 rad/sec) L t c ¢ c
instruments are used
AVERAGE VALUE OF AC FOR ONE TIME PERIOD PHASOR DIAGRAM SERIES AC CIRCUITS
_f S Isin of dt Diagram representing ac voltage or 1) R-L CIRCUITS .
i }ET . Of d:’ = area oftZ:I"-‘: graph cur'genf as sec'ror-s v?ith phasegangle o ) 5. Impedance phasor « 2. Voltage phasor diagram
! Y between them. Ve /\/ V \/ \/ \ T ——— Z= , 2412 N J
I= 0 for 0T for a sinusoidal ac wave. Y, Y, Rel 4 [ V=V 24V 2
The average value of sin or cos function for I=Isin(wt) A — Tr > «— ’ tan®=—=- |
one time period or n time periods (n=1,2...) is zero v=v,sin(ot+o) i R i tan® [ VC
and=
Keep in mind v=vosinwt 6. iz vV, i Ve
0T I
Long period is equivalent to one time period @ °z b [ 3. i=i sin(ot+d)
1. V=Vsinwt  V,=iR, V=i X, o) bR
AVERAGE POWER CONSUMPTION :
Mean square current for one time Period N v, 2. Voltage phasor diagram 2) R-C CIRCUITS 4. Impedance phasor
_ frar 12 V=V 2+V 2 VL_______-_____V R 5
I2= j.d'l’ :2—0 I R L A | AAA/\ /\ IIC (6] /; Z = R2 +xC2
° ° o- Ve | " | X
Remember [0 tan0= A i — % — «— L __ > tand = (_C)
The ctverage value. of sqm.xr'e f’f sin or cosine ®, - 3. i=isin (wt-0) i Ve X, z R
function for one time period is s ! N | V= Vosinwt v
P= VI = Vo Vems =7 /R2+X 2 ! - i = [
uJ.T sin?kot = %x T |Puvg= Vrms Irms cos® | 4' io irms z * L ¢ I:v ,f{/\ 5' lo (?)
T sintkot - (X T for cos®=1or ®=0° i R —
_(?) ang= vr'ms T 1. v=VOSian VR=i0R, v(; =ioxc or ir‘ms = Vems




3) L-C CIRCUIT

L c
— V=V/sinOt
—V - <V v XV
() =,
\'\'J L L, ¢C
V=Vosinot
Voltage phasor diagram
V=V ~V.e, (V. -V)or (V.- V)]

xL

C

if X, >X_,

= ioxc

Impedance Phasor Diagram

zZ=x,

or (X, - X)]

Voltage leads the current by %

if X, > X_, current leads the voltage by 7

if X, =X.,Z=0,i=c0
or, .
oL=_1 : z .
oC : i
0=lzo : i
Je : i
(Do '(l) O)n 03
L-C-R Series Circuit
L C R
(00000001 || NN
—V,—> <« V> «V,—
i \ V=Vosinot
()
_/
V=Vsinmt
Ve = iRV, = igX, V. = ioX,

Assuming V, > V. for drawing phasor
Voltage phasor diagram

V= |VR2+ (v, - V)2

Here i = i sin (Ot - )

(since V,_is leading)
Impedance Triangle
X - X

Z=|R2+(XL-X)2

(%)

/\XL-X

_)(C

tand = ——

PHYSICS
WALLAH

R

~ X DX - X)

(4

RESONANCE IN LCR SERTES CIRCUIT

In series resonance, impedance of circuit is
minimum & equal to resistance 2Z= R, and
curent is maximum

Condition for resonance

1
XL=XC :L(D=CE

1
o = W -JL=C

r - resonant frequency (angular)

rad / sec

1

f:
©2niLc

f, = resonant frequency

GRAPH

(D<(Dr', XC > XL
o) current leads

®>Or, X, > X,

current lags

-
Variation of peak current with applied
frequency

In resonance

V =V, (applied voltage = voltage across
resistance)

Z = R (impedance is minimum and equal to
resistance)

Voltmeter connected across V, & V, will show
the same reading

Voltmeter connected commonly across inductor
& capacitor shows no reading

QUALITY FACTOR
wlL _ 1 _ 1 [L
Q@ R wecR RNC
_[Voltage across C or L
applied voltage

Less sharp the resonance, less is the selectivity
of the circuit.If the Quality factor is large, R

is low or L is large, the circuit is more selective.

Shar-pness of Resonance

Sharpness= Q= 2Aw ; 2Aw -bandwidth

smallerAw, sharper or narrower the
resonance.

APPLICATION OF RESONANT
CIRCUIT

Tuning mechanism of a radio or TV set
1.Antenna of radio accepts signals
2.Signal acts as an AC source in tuning the radio
3.In tuning, capacitance of capacitor is
varied such that the resonant frequency
of the circuit becomes nearly equal to the
frequency of the radio signal received.
So, the simple is largely amplified and
distinctly heard

POWER IN AC CIRCUIT

Average Power P=V_ I cos®

rms rms

P=I? Zcos®

rms

Case 1
Purely Resistive circuit - ®=0 ,cOs® =1

Maximum power dissipation

Case 2
Purely inductive or capacitive circuit-
o =90° cos®=0

No power is dissipated even though a

current is flowing in the circuit

Case 3

LCR Series circuit

®non zero in R-L,C-R,or CLR circuit.

COMPARISON OF LC OSCILLATION WITH A MASS

SPRING SYSTEM

Mass spring system

LC Circuit

1.Displacement (x)
2.Velocity V= —1_
_dv
3. Acceleration a= dat
4. Mass (m),(inertia)
5.Force constant K

6. Momentum p = mv

dv
i

8. Differential equation

7. Retarding force

%f—’2‘+w2x 0
welE

9. E-—mv2
Elastic U =%k><2

1. Charge (q)
. Current I= %?—
. Rate of change of

w N

current= ( d¥)

. Inductance (L), inertia of circuit
. Capacitance (C)

. Magnetic flux @ =LI
. Self induced emf (-Lg—¥)

. Differential equation

0 NO Obh

d2
d1g +w'q=0

wel L

LC
9. Magnetic energy= %LI2
2

TRANSFORMERS

“Device which raises or lowers
voltage in ac circuits through mutual
induction”. Transformer can increase
or decrease voltage or

current but not both simultaneously.

: _9
Elastic U =57
h “d tput
P outpu
It 4 4 |
é;; secondary coil
Primary coil

]
L, soft iron core

P=v__I _Cos
rms - rms o EQUATIONS V_ -Voltage in secondary
Case 4 1) £=&= I, V, -Voltage in primary
Power dissipati V. NI N, -No of turns in secondary
ower dissipation at resonance P PSP VI N. -No of turns in primary
- 0 = = . 2) Efficiency n=5— = =2 b~
X -X=00r #=0 =>cos®=1 =Z=R ' Po ~ Velo I -Current in primary
P=I2Z = IR 3) For ideal transformer, N=1 1 _cyrrent in secondary
Maximum power is dissipiated in a circuit
at resonance.
TRANSFORMER TYPES LOSSES IN TRANSFORMER
step u 1) Cu loss (IR loss)
LC OSCILLATIONS fransf?orr‘l)'\er STepfdown - To minimise, windings are made of thick
transformer Cu wires (high resistance)
Capacitor —» stores 2) Eddy current loss
. - To minimise C lamil d
electrical energy 1 EE_OI/P I/FE :;3,,, o minimise Cores are laminate
e &P Cp | L& 3) Hysteresis loss
Inductor — stores — - select material of narrow hysteresis loop
magneﬁc energy — Cores of transformer is made of soft iron
N, < N N > N 4) Magnetic flux linkage
- To minimise, secondary winding is kept
When. connected, char‘ge on 'r.he Ve : Vs Ve : Vs inside the primary winding
capacitor and current in the inductor L I, L I 5) Humming loss
perform electrical oscillations R, < R R > R

between each other.



ELECTRO MAGNETIC WAVES TRANSVERSE NATURE OF EM WAVES 1 POYNTING VECTOR
SPEED OF EM WAVE (VACUUM)  C =

| Time varying electric and magnetic Electric field M . Frergy _ Power <. ExB
fields that propogatein space SPEED OF EM WAVE (MEDIUM) V. 1 fime x area  area LL
Oscillating electric and magnetic fields are mutually IJ 8 €. [VESH °
perpendicular to each other and both are perpendicular ’\\ e F\ —
to direction of propagation —— ( '\ e POYNTING VECTOR
L Speed of wave = Speed of light= 3 x 10 ¢m/s / - \_//I P \_43“““ REFRACTIVE INDEX md = ‘/_ | ! |
Wavelength of direction Magnitude represents Direction is along _— Joule
M ; 9 P ST unit :
oo ‘E'““"‘ electramagnetic wave' power per unit area the direction of sec m?
wave propagation Watt
SOURCE OF ELECTROMAGNETIC WAVES IS By = E, sin(wt -kx) —
ACCELERATING / OSCILLATING CHARGE _ .
Bz = B, sin(®t -kx) REMARKS B
E, =CB,
G
C = E c-9 MOMENTUM OF EM WAVES
ENERGY DENSITY INTENSITY OF WAVE BO K 1)P = H (If wave is completely absorbed)
. . . Maximum electric force F, E
1. U, (Electric field) = ;_ - g Energy crossing per unit time area perpendicular ° Ema) - 9%0 2)Pp = 2_U (Zf wave is completely reflected)
to the direction of wave propagation Maximum magnetic forceF, . = qvB, ¢
2. U, (Magnetic field) = ;— % Energy Power —
Intensity = — = L
3. Average energy density . = leoe, g LB Time x area area
4 °- ' 7B o MAXWELL’S EQUATIONS
4 0-D ) FORMULAE TO REMEMBER DISPLACEMENT CURRENT :
- U= Ug 1 Displacement current - Current in vacuum or i. +q -q fE)dA_) = QT [ Gauss's Law of Electrostatics]
. I= 2 g xc dielectric when electric field is changing with time E 2 - OG 's L f M +i
B Total average energy density B do f dA = O[ Gauss's Law of Magnetism]
1 1 B I=5p X¢ Is=€ g [} f 'dq)ﬂ Farad Law of Electromagnetic
- . = Lep=m o - 21 dt It Edl [Faraday's Law romagn
HE S 2 ; 2 K [ = 1 Displacement current = Conduction current Induction]
Gl &g f B dI=k, (i, +iy )= Holcrie, % [Ampere-Maxwell's Law]
[ amr $
EM WAVES
ELECTROMAGNETIC SPECTRUM
RadioWaves .
Produced by : Accelerated motion of ginfr'ared v,vm.’es . Ultraviolet rays
) ) . roduced by : Vibration of atoms Wavelength :4 x 107 m to 6 x 10-°m
charges in conducting wires . GAMMA rays
_ and molecules Produced by : Very hot bodies Produced in : Nucl +i
Ff'equency : 500 kHz - 1000MHz Detection by . Ther'mopiles, BOlomefer', Impor-fanf source : Sun ro .Uce N in : Nuclear reaciions,
Application : Cellular phones Infrared photographic film Application : LASIK Surgery. RGdIO(IleIVe decay o}‘ nucleus1 »
Application : Used in remote switches UV lamps - Kills germs in purifiers \A\/a\;fa e:_‘.gth .r;nge ' d.°f‘"‘ '1t.o 0% nm
Microwaves for TV set, maintains average temperature Detection by : Photocells, photographic film Kﬁlp ;Zﬁcfrn c.eII: medicine To
Produced by : Special vacuum tubes through green house effect, Infrared lamps, .
- Klystrons, magnetrons, Gunn diodes Infrared detectors X-RAYS ,
N . ; . Produced by : High energy electrons striking Decreasing order of wavelength ———>
Detection by : Point contact diodes Visible || ht metal targets
Application : Radar systems, microwave Waveleng'rh 400nm to 700nm Wavelength range :10nm to 10-*nm R M I V U X G
oven in domestic purposes Frequency : 4 x 10'*Hz to 7 x 10 Application : Diagnostic tool, treatment of cancer ———=> 1Increasing order of frequency

Detection : Photographic film, Geiger tubes,
Ionisation chamber



NUCLEI

NUCLEAR RADIUS

1/3

o MASS DEFECT BINDING ENERGY
’ ’ B.E = AMc?
d NUCLEAR COMPOSTTION P + N> nUCIeus B.E = AM (in amu) x 931 MeV
: ::‘::cm::;:::“ Se; St NUCLEAR VOLUME A_éf"ﬂ:n?b m, > m,

mass of nucleus<Z(Z)mp + > (A-Z)m

\ Z = proton = 11 n

Neutron = 23-11=12 Am =m, - m,

_\ VA
AM=[Zm, +(A-Z)m 1-m

\
NUCLEAR DENSITY
Independent of A
It is same for all atoms

nucleus

(B.E = Am x 931 Mev)

(Q valve = B.E, - B.ER)

p=2.3 x 10'7 kg/m?

S N ®
If radius of the TAl nucleus is taken to Ibh
| beR,, then the radius of ;' Te nucleus is nearly | Alpha Decay Beta Decay TN b
0% o5r ®ir % AX— 44Y+ 0L particle + Q Decay law at radio activity \\ Shortcut AN
T2 Al 2 A B A By A - -m - 2 " De i dN _
{ R T ) Q= [m-m -m, IC i Decay i Decay di N I Undecayed = o \|
Momentum Conservation - - N'I‘= Noe?\f (N—>No. of undecayed nuclei) ' '
NUCLEAR FORCE 0= v, (A-4)-v4 fou_: i DeCGY B DCCOY | t=nt, |
KE y n— p+ji p—n+ L.’ﬁ+ @ Activity : (Decayed Undecayed | Time ) |
o &S @ A A _ A A A= A e M |
Q= KE, +KE o X2, YD X, Y+ -drfl | % N_Zo Y |
s‘rr‘onges.l. force 2 1 K.E of OLparticle is more Atomic number increases | | Atomic number decreases A= F | |
KE=Z - KEQ “m~ ™ than daughter nucleus By ore and tmass number | | by one and mess mvber |
existing in nature - * remain sane (renais some | A= N | 3N, &z(&) 21, |!
KE=5xQ KE=A4 4 4 \22 |
r A B acs . 60me ?:CGY e Time at which ratio of nuclei will | |
L Nuclear force is [NO.of TS A;A.] No change in atomic number & mass number be 1/e N | 7N, N, =( N, ) 3, |1
PRSI short ranged \ -2 t 22303 log—* | 8 8 \2 bl
i T ~— ) '
=T r>0.8 fm - attractive 02 . |
r<0.8 fm - repulsive . - t., -0.693 : No. of undecayed nuclei: |
Penetrating power : Gamma > Beta > Alpha | Ionizing power : Alpha > Beta > Gamma) A X N = % N |

Nuclear force is
charge independent

F.=F..=F.

is 5,U%® and final nucleus is ;,Pb**. When the uranium
nucleus decays to lead, the number of a-particles
emitted isOland the number of [i-particles emitted =

(d6.8 ()8 6 (d16,6 (d)32 12

A nucleus of uranium decays at rest into
nuclei of thorium and helium. Then:

(a) The helium nucleus has less kinetic

energy than the thorium nucleus. than 1l

he thorium nucleus.

(c) The helium nucleus has less momentum

(b) The helium nucleus has more kinetic (d) The helium nucleus has more momentum

energy than the thorium nucleus. than

he thorium nucleus.

Two radioactive materials A and B have decay
constants 10\ and A\ , respectively. If initially
they have the same number of nuclei, then the
ratio of the number of nuclei of A to that of B
will be 1/e after a time:
1 1 11
(@) o (b)ll)\ (C)IO)\

1

(d)m—)\

Half-lives of two radioactive elements A and B are 20
o and 40 mi

pectively. Initially, the

r
samples have equal number of nuclei.

After 80 minutes,

the ratio of decayed number of A and B nuclei will be:

(@1:4 ®)5:4 (c)1:16

d)4:1

[ In the uranium radioactive series the initial nucleus

NUCLEAR FISSION

e > N
+ + nes Yoo 1“Ba+® Kr+3!n
1 2 Age of rock Method 2 Two deuterons undergo nuclear fusion to form a Helium nucleus. ° * * * * °
Time interval between 33% (1/3) & : N m+n Energy released in this process is: (given binding energy per nucleon
Undecayed N, N, |e7% @3)ist,, XY Vs stable) Wo =20=T0 for deuteron-1.1 MeV and for helium=7.0 MeV) NUCLEAR REACTOR NUCLEAR FUSION
Method 1 Multiplication Factor k=1—> critical . s
2.303 N, _ (a) 30.2 MeV (b) 32.4 MeV (c) 23.6 MeV (d) 25.8 MeV 4iH + 26—>:He + 2V+ 6Y + 26.7 MeV
1- - 1- = £ |og L Nx -m Age- 01'1 72 * Moderator : water, heavy water (D, O), . .
1 2 }\ N, ST NO=NX+Ny=m+n graphite and beryllium oxide. Four hydrogen atoms combine fo form an :He
atom with the release of 26.7 MeV of energy

Y

« Control rods : Boron, cadmium

A radioactive nucleus (initial mass number A and atomic number Z
emits 3 o - particles and 2 positrons. The ratio of number of

the ratio 1.7 in a sample of a given rock. The age neutrons to that of protons in the final nucleus will be

of the rock is estimated to be A-Z-8 A-Z-4 A-Z-12 A-Z-8
(a) 40 years (b) 60 years (c) 80 years (d) 100 years (Cl) (b) (C) (d) z-2

zZ-4 zZ-8 zZ-4
T T

The half life of a radioactive isotope 'X' is 20 years.
It decays to another element "Y" which is stable.
The two elements 'X' and 'Y' were found to be in

Achieved at very high temperature in order to
overcome electrostatic repulsion

Time interval between 20 % and 80% decay , or b/w 40 % and 85 % decay (t, - t)is 2 t,,

m+n
t= 2.3}\03|OQ(T) * Coolant : €CO,, water, nitrogen

The half-life of a radioactive substance is 30 min.
The time (in minutes) taken between 40% decay & 85%
decay of the same radioactive substance is:

(@15 ()60 ()45 (d)30




(" REFRACTION AT CURVED SURFACES (. LENSES Thin Lens ) n n I0S METHOD 105 METHOD FOR
u= -ve Thick lens - Two surfaces are Corlwex CO'I‘ICOVC :2
V= +ve at some distance apart. g 3 100
R= +ve Thin lens-  Two surfaces are close Biconvex  Equizonvex Biconcave Equiconcave u= -u ! m et N
n n n,-n V= +v
_2_-_1 = 2 1 n, n, q R1= +R1 us -u V
v P'q Comsase B CD R: R, oY v =,
all lengths on the side of incident ray are taken as -ve = I-0=5S R=+R,,+R,,-R,,-R, _
all lengths on the side of reflected ray are taken as +ve L n, n _n,n-n_ Non non  n-n  n-n  n-n  n-n e
I—O='$ ' . . ] Convex rn:r-r-or-}fﬁVe Concave mirror} f=-ve T-TU_T+_'R2 Tb-__a= 1Rla + 2R21 + 3-R32 + I:R: non - n,-n,
Medium Medium Change in medium Convex lens Concave lens v -u 'R1
(z.Distance ™ O.Distance ~ Radius of curvm‘ur‘eJ \. J
v ( ) 4 \/
n, _ Vxn EQUICONVEX LENS FOCAL LENGTH OF
Transverse Magnification  T-M=m= o “uxn, EQUICONCAVE LENS IN AIR PLANO CONCAVE LENS CUTTING OF LENS Before After
cuTTIng cuTTINng
- J/ 2 Equiconvex = f —> Equi Concave = - f ’ s
s ~ Fe Sint ° ° R 4 4 £ Focal Length f 2f
LENS MAKERS FORMULA e f = 2na Plano Convex = 2f Plano Concave = -2 f :ower P p/2
To find focal length if refr'acﬁve index is same on both v £=--R P Irrl‘::nsit ; ?:
sides of lens. 0 n, n-n, In water, -1 ' 4
I-0=s —-0= .
o n F R R, If Prism is placed in air| F = ﬁ -R *R & J/ E:m;; éﬂﬁr‘g
n, w1 4 )
R, [ [n }[ D Fegr zf-l} = 2[:_1} M . PLANO CONVEX LENS POWER Focal Length  f f
\R’ _—F R \ ' : = F1 than air J F of planoconvex lens R Power= — 1 - [Power= 1 dioptre = 1m] :ower l; AI;Z
1 - f - in metre r\ea
[ |:1n2 1:| [ R, ]] = 2 x f of equiconvex lens n,-1 In centimetre. . f1.00 ' Intensity I I/2
incm
- / \_ J\
4 BLACKENING OF LENS Y(  NUMBER OF IMAGES FORMED \(  MAGNIFICATION ([ )
IMAGE FORMATION BY CONVEX AND CONCAVE LENSES
r IN MULTIPLE MEDIUM LENS
I r In'rensi:ry.ocAreclx. c;‘f To find size of image Beyond 2F . Between | Real,
2 transmission of light 2 | > 21fl s * F and 2F | inverted,
IXA, melIl v diminished
Blackening of lens o1 * Real,
DAYV p 3 | uAIf-ZZI":fl — — At 2F inverted,
m= - same size
To find new intensity : fru
o . fv Convex lens Concave lens
i) Find total A, (Area of lens before blackening) Number of medium m="3 c | bi | Between . . Real, d
- - . Number of images = 1 - Converging lens - Diverging lens 4 F&2F |¥ot Beyond 2F | inverted,
fi) Find new A = (A~ Agpeqe) Number of images 9 Im.|=1 = Same size - Similar to concave - Similar to convex fe<lul<2f enlarged
iii) Iocorlgmal A, (Total A)) \_ J - -
o . - N\ \ Im <1 = Small mirror mirror
new Ay LENS FORMULA Im.|>1 = magnified o | Pesition — 5 At F At 0O Cannot be
Taking ratio of these two equations we can find I' +ve = Virtual image, Erect No | Sfjthe Ray Diagram hosion of | Bonges of lul=If| F defined
Comparison of focal length in air & Liquid To find v when f and u are given / ' At Real
1) If Nie Miiquia <Nglass 1 1 1 1_ = 1_,. 1_= u+f uf \ -ve = Real image, Inverted ! lul=00 %’r At F in.ve‘rfed, 6 within F 3 On the side Zfi‘:?fall
- If;lc:rrulr'tla of Iher}S remains same Vo ou f| v o fou W |VELE diminished lul<Ifl T of object | plarged
- Focal lengt l.ncr.eases \ y \ JAG
2) Same refractive index [nz=n ]
- Lens become invisible ( U - V GRAPH ) MAGNIFICATION VS V GRAPH AXIAL MAGNIFICATION
3) n>n, f= =negative Ay Concave lens Convex lens Concave lens
2(e -1
( ) (-2f,2f) m=¢ +1 —
L =37 i PHYSI
n -
9 oF
! AN
m, = length of image
slope =1 -Real object - length of object
\_ f -Virtual image _AB _ V-V,
Convex become concave} Nature of lens changes T— -Formed between F and Pole == 0.0,
Concave become convex For short object

\ ) m, :L: m‘_z

du




Lenses are combined such that there is no gap

between them
P, P, P, P

1 2 3 4
m om, m, Power

[

Focal length
> 1 1,11,
fcomb fl fZ f3

Magpnification ,

ms=mxmxm, ...

convex

Note :

P.., determines whether
the combination act as
converging lens or diverging
lens.

P=xD

comb™ 1 273 o

2 possibilities
i) silvering curved surface
ii) Silvering plane surface

Silvering curved surface

( SILVERING OF PLANO-CONVEX LENS ) [ LENS DISPLACEMENT METHOD

Silvering plane surface

R —
Before silvering After silvering
R
o R R _f
(n-1) fus 2(n-1) "~ 2

\_

© ®
n
:} £ -R
§

COMBINATION OF LENSES (" F,, USING LENS ) LENSES COMBINED SUCH THAT THERE | [ NATURE OF MIRROR IS DETERMINED BY FOCAL LENGTH )
MAKERS FORMULA IS A GAP BETWEEN THEM To find focal length, split the silvered
System acts as System acts as Power : P_ =P +P,-dPP, lens into a lens and a mirror and apply
converging lens if diverging lens if R AR _t -1t.,1 4 I0s
total power > 0 total power < 0 R Feomo f,. f, ff,
> = Note: Only valid if object is at 0O u=00 _ -
P.>0 P.<0 Example Vot I-0=5 = -
= Pc:onvex> Pconcave = Pconcave > Pconvex R, = +R i - nh- 1 X2+ [0 + n]x 2
= fconcﬂve> fconvex = fconvex> fconcave R d Rz = -R f"‘ R R
“ 2wl [ ] A When equiconvex lens is silvered
- 1 f, Ray passes through the surface . .
System acts as plane lens /glass if P, =0 MMz _ [2 ﬁ);ngs thus mulﬁ%lied by 2 ] (mirrored ) its focal length become
P =P =0 If P, =0 negative (concave mirror) with
concave ' convex \_ Yy, 1 - 1 + 1 d - R magnitude
f - :f = fcomb fl fz flfz f :-R = _ f = -
concave convex comb £ - f m 4n -2 2(2n -1) m 2(2n -1)
- = f “Z \- J
concave For a combination of convex and 4 ‘ f f
concave lenses . 4 ~\
P >p . /M SILVERING OF LENS ) OPTICAL INSTRUMENTS
N _— ¢ Simple Microscope
- combination acts as
convex lens Only one lens [convex lens] Image is formed at least distance
; T~ ~ of distinct vision (D)
: AN p—angle subtended by image at eye.
P=-yD P PN~ a—angle subtended by object at eye
= i S —= when placed at distance D.
Distance between object & image > 4F cIlTv::g;r:; ::’o:v:r‘_glggff other is — Db —
m" Screen
[ Case I :
u v Eye under relaxed state or normal vision
* - \_ J/ Final image at infinity
. _ Db _D
D>4F e HUMAN EYE Object at f—uy=uy_ M, = " ==
" " Least distance of distinct vision is 25 cm - =
— ML Defects of vision and their correction Case 2 : Eye under strain D 1+D
©l u |) HYPer‘me'I'r‘opia Final image at D l"’z(‘lmin mqu= l"min = ?
P! .
- Long sightedness -Cannot see
) nearby objects Compound Microscope ‘
S B Ul (R W - Eye focuses incoming light from abjective tens eye peee
< v >\ " o — \/__— I nearby objects at a point behind retina. /)/ -Has 2 lenses
D>4F - Correction : Convex lens ‘QZA»\F‘, : - Length of microscope
In lens Displacement method F = +ve , Power P= +ve o " s = Distance between lenses.
Focal length = Dd/(D-d) -Magnification m= m  x m,
1) D > 4F D—> Least distance of distinct vision. - [m, - same as simple microscope]
2)F = D% - x*2  « ,distance between 2 o '
4D position of lens
3)F= =X . To get magnified image, object placed between F, & 2F of objective
M~ M F= Focal length of lens N . N lens. This image is called intermediate image.
Hmm, =1 ii) Myopia p T . . . .
172 - P = Intermediate image— real, inverted , magnified.
[0z J1, 1,

/" LENS MIRROR COMBINATION

—\
I u (o
J/ A
Image formed at object

If both lens and mirror are

k converging. d = v + 2 f_ )

Intermediate image is formed within or at the focus of eyepiece.

- Short sightedness -Cannot see faraway objects

- Light from a distant object arriving at the eye lens may get
converged at a point in front of the retina.

- Correction : Concave lens

Total magnification m_ = -m, x m V. Db
- H 0 e lm=-m xm, =- x
m, same as simple microscope T ° e u

F=-ve,P=-ve, F=-d1P=%

iii) Astigmatism iv) Presbyopia
; e, ::r;:‘:r’\tl .ﬁ:ﬁ';f,,j:.;‘"i“m' and vertical eye suffers .bo'rh my.opia and hypermetropia
- Correction : Cylindrical lens - Correction : Bifocal lens

RAY OPTICS 2




Case I :
Eye in relaxed state or final image at oo, u,=f,

v D
_ _ o 27 A = = =
m=m_ = _[ m fe] Iso L=L =V + u_, =V +f,
Case 2 : Strained eye
u=umin Df
L=Lmin=LD=V°+Ue =V°+ Upin = V°+ D.,.gfe
o Ve 1.0 Mo _ D+f,
L
m=| — | |1+
[ ] ]
L D
m=| —
[fO fe ]
Note
L=V,+U_ L=V, + f,
Loe= 3O_f; * f: LD= vO * min
* bf, _Uf, Df,
LD= vo+ D_.,.f: and b- Uo.fn + D+f=

For microscope, eyepiece larger than objective

fr=mt fl=ml

For telescope, eyepiece smaller than objective
to increase magnification.

Telescope
f usu .= m=mmin
Magnification m= —— -
S u u-umin = m=mmax

e

Length of telescope L= f, + u,

Normal adjustment /Relaxed eye/final image at o

m = fo Length = L_=f, +u =f +f,
min fe objective
LN = fo - f; eye piece

-
e
e
e

f f, f— f—

Eye under strain/Final image at least distance
of distinct vision.

objective

min D+fe eye/P;/

f f. N
mmcx=?[l+b ] g S!/r
L,=f,+u, .
Lfogs

— > —

Length of Telescope
u, can have values : f, or

Df

D+f,

v, can have values : f,only

LD=vo+ue

RESOLVING POWER

1

Resolving power=

L

Resolving limit

X=Limit of resolution
= Resolving limit

o I
MICROSCOPE
1.222  1.22) _
Resolving Limit= = ,where a = diameter of lens
a 2n sin®
R.P= a _ 2n sin®
1.22\ 1.22\ .
r=nsino
RPOL
A
TELESCOPE
R.p= a _ 2n sin®
1.22\ 1.22)\

RAY OPTICS 2




( Wave Front \ C Overlapping \
Huygen's principle
Ray Ray i) Each point on a wavefront acts as a fresh source of new disturbance,
T ; called secondary waves or wavelets. o ‘
—~. Ray 1 AN |
o

/ ( \\ The secondary wavelets spread out in all directions with the speed of A Yi, y}z

@
\ herical Cylindrical | — | — i i i i
\\\C;/// ¥ ;:‘l/i’;ronfs Y:avre"f::ont Plane wavefronts Ilght n ?he glVel’l med".lm.
ii) A common envelope or common tangent to these secondary wavelets
at any later time gives secondary wavefront at that time

Point light source — spherical wavefront Let n" max of X, wavelength overlaps
Linear light Source — cylindrical wavefront with n,"max of X\, wavelength

A2

A

Source at infinity — Plane wave front [ \ ( —
Resultant Amplitude YDSE in Liquid \ Yor=Yo2
. When YDSE setup is immersed in a liquid, n.Dx n.Dx
4 . ) Y;= A;sin wt and there is change in wavelength LREALI S
Incident Reflected . . V= A sin (wt +O d d
wavefront wavefront Phase Difference & Path Difference 2= A Sin (wt +@) c DN A\
o1t n= VWS N n - refractive index nx, = N,
C Mi =—A Resultant A=
oncave firror 0= Ax esultant A=y A+A,+ 24,4, cos © > As we move further away, then overlapping
A . . . cosO=1 = A=A =/ _ PN PN N L of colours increases if white light is used
! Plane f:::e':‘:?r: Phase Difference & Time Difference me "V (ArAF = Ara, Nueaun™™ = 0" X= 1y W = refractive index > At larger distance, all colours
i wavefront wavef,.?,nf O= 2m - cosO=-12A=A_ = (A-AY= A-A, again overlap to give white light paﬁeru
: T InairY=n D—>\
: Amnx - A1+A2 d ( \
i A A4, In medium ¥ = MOX _ nDX Introduction Of Thin Transparent Sheet in YDSE
| ( &ntensify o (amplitude)? "od dy
Resultant Intensity DX Optical path length and geometrical path length
Convex Mirror Fringe width in air p = 4
b . _C
D ./ = DA o i Refractive index U =——
We have, I= I, + I, + 2J I JT, cos® PHYSICS In medium P Hd = Prd M v
' WALLAH 2 A
] = = XN = —
E Plane Spherical ccosO=1=1I=T \/ = Prs< P M v, "
divergin
vefront ging
> wavetro wavefront LI +T,+ 2‘/-11 ‘/-Iz Time taken by light to travel x length in medium,
- 2 ( , : . é : : =X _ KX
E L. (J1,+J1) Young's Double-slit experiment (YDSE) \ Angular fringe width \ Ll
d =2
Incident Refracted -cosO=-1=I=I Path difference AX = Yy 6= d * Distance travelled by light in vaccum in same time = optical
wavefront wavefront I - (I-JL) y.d D — path length
Convex Lens min v In general AX = b s,
I (1, VLY ) Optical Path Length (OPL)=velocity x time = ¢ x MX
max _ Ve Distance of Minima and Maxima from Central maximum s =px c
I [
X / A m (LY Maxima Minima
> Spherical I, xR &I xR s B If Geometrical Path Length (6PL) = x,then
Plane converging I A (A Ay Y, = mx .o1.2.. Y, = (2n-1) O i1 OPL=puX, where [ is the refractive index of
. wavefront wavefront mex o mex T d 2 * the medium
i \ Imin Azmin (AI-AZ)Z D el T ———
\V/ IfI=1,=1,
=>I- 41, Cos*d
z
Concave Lens (Cons'rruchve interference Destructive interference (In‘ren sity at any point onscreen \ /
Phase difference _ ®=180° For all maxima I= 4I, (If IzL:-I,)
at the point of observation or O=(2n-1)mt ; n=1,2... For all minima. I = O
Soherical ®=0°0r 2nm ,n =0,1,2,..... Not T Fringe Width or Band width (B)
pherica - - = ote:
\ Planef diverging Also,Ax =nx,n =0,1,2,..... so. ox= (2 1)% SR I . T B —
wavefront . P R . k™
wavefront Resultant intensity at the Resultant infensity at the Fringe visibility ~ y= P ark™ g
point of observation is point of observation will be max . Tmin .
maximum minimum Porign™ 4
1-I_ =(VI,+J/IL,)? -1, =(V1,-JL)
\_ J w =L ) w = UL, :) For interference pattern P, =P, . oht = %
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Path difference Ax=s P-s P

Additional path difference = (y-1) t

Y=g

shift S y-y= WD

Geometrical path difference before inserting sheet, Ax =

After introducing sheet,y '= 5_ [Ax + (p-1) ]

Introduction of thin transparent sheet

N\ ( )

If two plates are introduced,

-

Shift S= |(u, - Dt | - (u 1)t | dl

.
a4

Interference of reflected light :
For normal incidence r = O so, 2yt = (Zn-l)%

Interference of refracted light :
J \ For normal incidence 2ut =n\

\_

Distance of N™secondary maxima from CM

A
B = (2n+1) A
.= (@n+) >

n=123..

:anﬂ
y(+)d

n=123...

Distance of N*™secondary minima from CM

_ hDA
Y
n=123.. -7
— d.’J6: —- - - =
|—— D
Angular position of n ™ minimum, e,

Angular position of n+1 ™ minimum, 6 __

DA
d

Linear width, p =

=n+1 A
d

I

* Formation of first secondary minima
Path difference = A
2

* Formation of 2ndsecondary minima

Single Slit Diffaction )
Path difference = Ax=d sin©

Path difference =2 A

Formation of n"secondary minima

First secondary maxima
But the intensity of 1 ' secondary maxima
is lower than central maximum

Nt secondary Maxima
A

x=(2n+1) —
n= 123..
dsin® =(2n+1) %

Ratio of intensities of central maxima and secondary maximas

1 1 1

1: : : TR
2 61 121

dsin® =nA
n=123..... \_

4 Angular position of
Nthsecondary minima
PT I c S ] ] N %A
pngs ]

I

Angular position of
N™secondary Maxima

0,5(2n+1) 5

\
&

2 PHYSICS
WALLAH

&

Angular width and Linear width of secondary minima Validity of Ray Optics:

Angular position of n ™ maximum 6 = (2n+1) %d

~N

Angular width and linear width of central maximum

ﬁs‘r secondary
N minimum

QST secondary

minimum /

Fresnel's Distarnce

d2
Z = —
Foa

Angular position of (n+1) ™maximum © , = (2(n+1)+1) %d

Resolving Power

RP= — 1 :
limit of resolution

Law of Malus
Resolving Power (R.P) 2
of a miaoscope T occos®6
1 2nsin 6 I:IOCOSZG

d A
When 6=0°0r 180°,

Resolving power cosB=t1=1I=1,

of atelescope
1 D

RP= —=
de 122 A

When 6 =90 °,
cos =0 =I=0

Polarisation by Reflection

Brewster found that at the polarising angle ,the reflected
and transmitted rays are perpendicular to each other

n=tani ,

This is Brewster's Law



Photon Theory

/ Power _E N\

e Intensity (I) =

Area A
= energy per unit ar'ea per unit time
Point source I= > I«x 1
47‘C
\Lme source I= nPI — I<><—1 r )
@ )
@ no.of Photons £ EX
E= nhy = n= =
N Py T he

@ no.of Photons per unit time
n _._E__P_ IA_TIAA

t " thv  hv hv hc
@ no.of Photons per area per unit time

in:_P:L-I_}\
\_ At tAhv Ahv hv ~ hc J

/ e Power of incident radiation (P) \
p= nthc n'rhc poc(

sourcel P, >\ —>n,

sourcel P,—>\,—>n,
n, A

N P, )
Dual Nature of Radiation

® Momentum of photon (p) :%:%
® Force (F) =

e Radiation Pressure = -F

A
e For perfectly reflecting
surface B, s
oo 2E 2P 0
e P —
21t |
Rad. Pressure = i
* For Perfectly Absorbing
Surface -
P L
AP= ET F= T ;
Rad. Pressure(P,) = ?I -

@ Perfectly Reflecting at an angle

ap=-2E coso

F= TCOSG
E.
Rad. Pressure = %COSO

PHOTOELECTRIC EFFECT
Energy of photon E = hV
® V = Frequency of incident light in Hz =%
Max.kinetic energy of emitted photoelectron

® KE).= E-w=pmV,

max

Work function (w)

e Minimum energy required for photoelectric
effect to occur

w=hV,=h%  h=6.63x10Ts

V, =Threshold frequency in Hz
Ao=Threshold wavelength in m

e Work function only deponds on nature of
metal

Factors affecting photoelectric effect

® Intensity
Intensity T,photoelectrons T,photocurrent T
(K.E Remains same)

photocurrent (i) X Intensity (I)

® Frequency
i Frequency T ,Energy T, K.ET
(Work function Remains same)

K.E

','ZK.E)W= hV-w

| 4
-w Slope = h
Y Intercept = -w
x Intercept =V,

® Anode potential
Opposes K.E of electron
Max Negative anode potential
= Stopping potential (V)
for which Photocurrent (i) = O

-ve ve
Voltage (V)
1 .2
K.B), .= eV0=? mV., =h(V-V,) =h (% _ %o)

Factors affecting stopping potential

® Intensity (T)
Intensity T,K.E Remains same
Stopping potential remains same

I3>IZ>I1
i L I
— 1,

..--r-—-~Il

v,

0

Voltage (V)

® Frequency
Frequency T ,Energy T, K.ET,V,T

+ve

Voltage (V)

v03 vOZ vOl

VoV —— Vo> Vo> Vo

Stopping potential Vo vs frequency graph

A
vO
7 >V
’ Vo
4
4
4
”' evo = hV ‘hVo
_% (o) v' Vo=%V'%Vo
Slope = %
v Y Intercept =-%Vo

x Intercept =V,

DUAL NATURE OF RADIATION & MATTER @ PHYSICS

WY WALLAH

e Nature of material

K.E

for same energy E
Vo> Vou
W, > Wy,
K.E,< K.E,
V2 < Vo,

e Conceptual question

If green color have just sufficient energy
for photoelectric effect

increasing

E no photo electric effect
order of \ —_ —
Lvl=lelelvfo]e]
e
sure photo electric effect
eTalv 7T

Useful conversions
® Wave Length (nm) — K.E (eV)
K.E=12)\ﬁ(€V)
® Wave Length (A) — K.E (eV)
k.E=12300 (ev)

Two Identical photo cathode recieve
® light of frequencies f & f,. If velocity
of photo elecrons are v, & v,

then VE-v,= an"l [f,-f.]

Dual Nature of

Matter

Debroglie waves

fast moving particles like electron with
much smaller mass behaves like a wave
ie., Circular stationary waves

=me2 = NC
E=mc? = 0

h h_h__h h h

x=ﬁﬁ}\_P mv~[2mK. E) ,3ka = ,quv

K.E = qV (for charged particle)
V = accelerating potential in Volt
K.E =% K,T (thermal neutron )

K, = Boltzmann's constant

/

¢ Thermal Neutron
h _ 30.83 2
J3mk T /T

e Electron A= —12'27/0&

v
e Proton )\= 0.286

v
e Deutron (\\)= 0.

>o

2

o

(@)
2A
0.1015

WA

'H (Proton) —1 Proton —m,q
2H (Deuteron) —>1 Proton + 1Neutron —> 2m,q

vq‘

e « -Particle (A

*He (c=Particle)—2 Proton+2 Neutron

/Wave nature of Matter \

Q = Temperature in Kelvin J

\ — 4m,2q /

/ Relationship b/w wavelength of photon \
& that of electron

o Ratio of wavelength of photon
to that of electron with same

energy E
}\'P;:“" =C. }2?"\ }\pho'ron X }\g

o Ratio of K.E of electron to that of
photon with same wavelength

K’ Ee = V_
fOf‘ Same rEphmn_ ZC

J

/o A particles formed due to complefely \
inelastic collision of particle 'x' and 'y’
having debroglie wave length Ax and \y
respectively.

If they are moving in opposite directions

P=Px-Py PX Py
then X\
h_h_h A= ——
NN A- A

® If they are moving at right angle to
each other

=p=\/P ’*Py —>'§ VAL

N, A2
y




4 PHYSICS

RUTHERFORD'S WAI.I.AH
ATOM MODEL
i) Majority of o - particles passed M F———F Total no. of different wavelength photons
without any deviation. . o _
in emission spectrum = "("_1)
ii) Some are scattered at small . 2
angle (impact parameter is GAbSOY'PﬁOﬂ spectrum All.abs:r‘.bed photons are
iz:ﬂs’? that of nuclear First postulate 2 Electrons absorb only those emitted in emission spectrum
iii) Only few alpha particle Fz 1 Zexe ? photons whose energy Wavelength of emitted photon
retrace the path 4Te,  r? | =Energy difference of 2 shells

1 1 R~ 10° cm!
I:nlz - nzz:l R~ 107 m!

= 91nm = 910A

(impact parameter = 0) . cr as
Second postulate If atomic excitation takes place upto
n' shell starting from ground state

then (n-1)different photons are
: absorbed

T 2T

mvi_ 1 Ze?

r - 4me, r?

? ¥
- —  S—— — -
[T =8
DISTANCE OF 4 BRACKTT '
CLOSEST APPROACH OF OX-PARTICLES n2 , , - ) ||| sewiEs
* RADIUS OF ORBIT r,=0.53= )y A o l PASCHEN
max ’ min ! SERTES
>
e VELOCITY OF ELECTRON V,a = Enin E 3 % _44iL
, n i (first line) (a5t line/ § ge'liAIAEESR
e TIME PERIOD Ta% Total energy =.13,6,L2 eV _ W1y Series Limit) z
n mex” (2n+1)R om
-l alz zz ‘ xmln:T
® FREQUENCY = %5 K.E=-T.E = +13.6% eV > >
e 2 n \—/ \—/ | ~ GROUND STATE
® CURRENT == oZ; PE=2T.E " “Lyman series

T nd
3
* MAGNETIC FIELD BoY>BoaZ
r n

® MAGNETIC DIPOLE MOMENT Man

Energy levels A,B & C of a
certain atom correspond to

ELe¥) Spectral . ¢ .
_—- L’e,ies Wavelength Region Range increasing values of energy,
038 911.6 A oy .EA<EB|< EC‘ﬂI'fX?}")C”'% e
m;gﬁ; Excited Lyman .3, Ultra - violet to | e wavelengtns ot raciarions
Y YY g, [ Sates 1216 A corresponding to transitions
Paschen - C to B,B to Aand C 1o A
il 3646 A respectively then
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POTENTIAL AT ANY GENERAL POINT @ \F;\I,-I AY|_S|_IE|-S|

1.The magnetic field lines LENGTHWISE HORIZONTAL M AGNE I ISM
. / TRANSVERE
of a magnet form continous C—1 _1_ Pcosf) E Mcosf
{ closed oo —— P—— i e AND MATTER
2'.The fang?nt to The field —|— | — ' TORQUE
Y lines at a given point D D | —
represents the direction of Y Y Pole strength v F,=0 nFy),,=0 [ APPARENT ANGLE OF DIP
the nef. magnetic field B at Pole strength —>3 reduce N f’=5’xE_)=pEsin6 2T 2-MxB =MBsin0 Inclination of magnetic needle
that point —9 same to half in plane other than magnetic
|3 .The :)rge: no.of :eld length — reduce length = same WORK DONE IN ROTATING A DIPOLE ® meridian o
ines stronger to half 5 o« ;
4.Do not intersect e 1. W=PE (cos0,-cosh,) 1. W,=MB (cos0,-cos0,) tang' = 202 &' Apparent angle of dip
. . cosQ § true angle of dip
Maximum work done is from
0,=0° to 0,=180° . 0 Angle between MM
and the plane other
POTENTIAL ENERGY ‘ than MM
- > - - e
U=-P.E U,=-M.B i
MAGNETIC DIPOLE 0,=0° Stable position; 0 =180° Unstable posiﬁorj : )
MOMENT (M) e © 0 o o RELATION BETWEEN TWO FALSE
ﬁ- | (Help from electrostatics to magnetism) ' PERPENDICULAR PLANES AND TRUE
s N m:::ole strength o MAGNETISM AND GAUSS' LAW ANGLE OF DIP (5)
—_— i i i SHORT ELECTRIC SHORT MAGNETIC o i g 2 2 - 2
m I—>i1/'mlghl1' line distance ° SIPOLE IPOLE The net magnetic flux through any closed §5 B.ds=0 cots §,+cot® §,= cot?j
w poles q - - surface is zero
Direction from southpole ® P m. I R
(:)_(:) < 2 "The simplest magnetic element is a magnetic dipole
to N pole d NOTE:
o s N or a current loop.“Magnetic monopoles do not exist.
Unit of M — Am? —
Unit of m — Am ¢ =:q7F m
P -5 = :
° M= m | THE EARTH'S MAGNETISM
. COULOMB'S LAW .
- - —_—
F F o~ ~F
1 O—06 “O—0-
ql r q2 r ---2\ Magnetic Equator
BAR MAGNET TO DIFFERENT 1 9.9, mll,l mm m, 7 Geographic Equator
SHAPES T Fur a7 = v
______ AXTAL & EQUITORIAL LINE OF DIPOLE R I_ MAGNETIC ELEMENTS OF EARTH _I /COMP ASS NEEDLE AND DIP NEEDLE \
— ro— ¥ ? | ¢ r Buxi i I
________ IV O ) S——— Magnetic Inclinati bi Horizontal 1. A compass needle at the North pole
A A declination —§ nclination or Dip-6 component- By can point along any direction.
—d—sp —l— : ,
§ 2. A dip needle at the north pole points
il = L % B ._l_.2M £ Gegaicd BB cos § down and at South pole points straight up.
4“80 r axial = 4'"—8 ? ‘\‘ g o
» 0 G 73 TIME PERIOD
+ : i 0 . . . . . .
RESULTANT DIPOLE MOMENT Eeq(—:Tr B ? {4 NS ““‘@‘ff_“_.. 5, i of a magnetic dipole in uniform magnetic field
" O_il_@ “ h 1 « g Te2T l T I - Moment of Inertia of the body
z : : \ " ar M - Magnetic dipole moment @
/ —dis — : MB B Magnetic field o
< 0 - M, E-_Ll P —l— Angle between True angle of dip A 1 ' MB i :
< 4TE, rd },Lo' M geographic meridian tan g= Bv i Magnetic Frequency v = —_— To find B, , °
2,2 . . 4N & magnetic meridian B, meridan anN'T B= AT °
M., =J M+ M+ 2M M, cos O E_ = -zEeq . ’ \ (MM) MT?
A B ™ ~2Bx "] ®© ¢ o060 0 0 °




1) Magnetic Permeability

Absolute Permeability

Tesla metre lel
of air or free space A

_ -7
Ho=4mx107 — 0

Relative Permeability L = L gim
of medium T

ﬁ
2) Intensity of magnetizing field (H)

B
H= —=_ vector quantity

0

SI unit —)-ﬂ-
3) Magnetisation (A_K)

CGS unit — Oersted

M= IV\)M _, |Induced dipole moment | o, . B,
v volume I,
vector quantity
-1
SI unit —)% M] = [L Al
4) Magnetic Suscep'ribili;y (Xm) scalar quantity
M ind .
=— Also X == no unit
i H Bt no dimension

5) Relation between relative permeability
and susceptibility

H. = (14%m) Also L= Holk= Ho (14%m)

6) Relation between B, M and H
B=l H M= H

A _.....°

MAGNETIC MATERIALS

._Diamagnetic

Weakly repelled by a magnet

. Eg: Cu, Ag, Au, NaCl, H,0 etc.

Superconductors - Perfect conductivity
perfect diamagnetism

X =-1 ' l"lr‘:o
d. Perfect diamagnetism in superconductors is called as

MEISSNER EFFECT
e. Important

f. Individual atoms do not possess permanent

magnetic dipole moment
wo effect of temperature on magnetisation

—

ﬂ Paramagnetic substances
. Weakly attracted by a magnet

. Eg : Al, Mn, Pt, Na, CuCl,, O,,Crown glass
Individual atom possesses permanent dipole moment

. Curie's law

Magnetisation of a paramagnetic material is inversely
proportional to the absolute temperature

BO
M=C T

a0 oo

Curie's law

b
x=c

e. Important

0< X< €
1<l <1+& (€ — Small positive number)

o M,

f. Graph

Xim \\
>T
. Ferromagnetic subsh

. Strongly attracted by a magnet
. Eg : Fe, Co, Ni, Cd, Fe O,

w

[o =]

c. Individual atoms possess permanent magnetic moment
and magnetic moments of neighbouring atoms tend to
align due to a force called exchange coupling

d. Due to exchange coupling,atoms form domains inside
which magnetic moments are aligned in the same
direction

e. Important

f. At high temperature, a ferromagnetic substance
becomes paramagnetic

Curie's temperature

X = (0T

T-T,

e © © o o
HYSTERESIS CURVE / B-H CURVE

Magnetisation depends on history of magnetisation

Important terms

Retentivity - OC - Residual magnetism
Coercivity -OD-Demagnetising process

1. High coercivity - Hard substance - Steel
2. Low coercivity - Soft substance - Soft iron

Important result
B-H curve signifies the energy loss/heat loss in the
process and is proportional to the area of the loop.

Smaller for soft iron
Area of

hysteresis loop
Higher for steel

Permanent magnets

should have

1. High retentivity
2. High coercivity
3. High permeability

Steel is used for making permanent magnets

Steel soft iron

Higher retentivity than steel
Smaller coercivity than steel

A

Smaller retentivity

\High coercivity

ELECTROMAGNETS

Materials should have
high permeability
low retentivity

Soft iron is used

Used in electric bells, Loudspeakers, telephone
diaphragms, heavy cranes to lift machinery

4 PHYSICS
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EXTRINSIC SEMICONDUCTORS

( SEMICONDUCTORS )
|

o Impure semiconductor

e When pure semiconductor material is mixed with small amounts of certain specific
impurities with valency different from that of the parent material, the number
of mobile electrons or holes drastically changes. This process is called doping

INTRINSIC SEMICONDUCTORS

( p-n Junction Diode )

i umction

® Pure semiconductor

® At absolute temperature (OK)
conduction band of semiconductor
is completely empty and the
semiconductor behaves as an

Due to diffusion, neutrality

n region

1 region j

is disturbed

~\

of both N and P type semiconductor

A layer of negatively charged ions

en#n, , insulator. appear near the junction in the p
enxn,=n; + | Impurity | = | Extrinsic sC « As temperature increases crystals and a layer of positive
the valence electrons acquire ions appear near the Junction in
2 TYPES thermal energy to jump into the n crystals
conduction band e This layer is called depletion layer
( due to breakage of covalent bond)  region , W region Y P Y
\ e when they leave the CB they leave ﬁ . . .
behind the deficiency of electrons e—8 1) The ﬂ“Ck“efs of depletion layer is
Intrinsic _, [Pentavalent o [N tvee - vatom in the valence band. ; 'w,';‘;'rflg' 'I“T, aver o6 — 1
1 H trinsi " ~ .
semiconductor Impurity S¢ semiconductor| ¥\ Impurity = | P tpe sc e This deficency of electrons is ) Width of depletion layer Doping

1) Majority charge carriers - electrons
2) Minority charge carriers - holes

3) n type semiconductor is electrically
neutral (not negatively charged )

4) Donor energy level lies just below the
conduction band

Lo o )
“-'-“-..“.-.‘ )
HE s [

— Unbonded 'free’
electron donated
by pentavalent

(+5 valency) atom

; Ve v
BORNC NN
] ] s
o e ! )
HORC TN
AN A A

\_

14

__

1) Majority charge carriers - holes
2) Minority charge carriers - electrons
3) P type is electrically neutral
(not positively charged)
4) Acceptor energy level lies just above
the valence band

a,In,TI

Si or Ge

known as HOLES or cotter
®n=nz=n

 (Thermally generated free electron)

,
S .

Lo DN
e ! e !
) 4

-

(

/ . . F
(_ Forward biasing ) ;

|zz_-‘

M
e
¥

p-side is connected to
higher potential and n-side
to lower potential.
Forward bias opposes

( BIAsiNG

Img

3 VeIV

WF =0 Twolts (V)

Cut in voltage or knee voltage
is the voltage at which current
starts to increase rapidly.

the potential barrier. It is equal to

In F B, width of depletion Vs For Ge V, = 0.3V,
region decreases. Si Vg, = 0.7V

If the applied potential, DYNAMIC RESISTANCE
V>V,, a forward current AV

is set up across the junction. R = AT

\ . .
(_ Reverse biasing )

M

+Q- - -
+ - - - g
- ‘

||-
Vv

++ +
e )

-

p-side is connected to lower
potential and n-side to
higher potential.

Width of the depletion
layer increases.

No current flows through
the junction

due to diffusion of majority carriers.

A small current inthe order of pA exists
due to drift of minority charge carriers.

~

. Hole at site 1

3) Depletion is directly proport
to temperature
4) The P N junction diode is

Hi

..

.

¢
o

.@

e

e
* -

o—e-

e

L]

ional

equivalent to capacitor in which the
depletion layer acts as a dielectric

(electron vacancy)

Barrier potential Diffusion Current-

i

Drift Current -
Due to flow of minority charge carriers

.
[ ]
@
e
Uiy
-~
RONNG)
L]
: Lo ;
P :

The potential difference created
across the P N junction due to
diffusion of electron and holes

Due to flow of majority charge carriers

is called potential barrier
PN

Symbol of p-n

For Ge,V, = 0.3V
Junction Diode

For si v, = 0.7V

BREAKDOWN VOLTAGE

The reverse bias voltage at which breakdown of S.C
occurs Eg:- Ge 2.5V , Si 3.5V

AN

Y

Avalanche breakdown

/-

Zener Breakdown

= When reverse bias voltage is

increased, the electric field at the
Junction also increases.

= At high voltage, more minority
charge carriers are generated
due to breakage of covalent bond
by collision of electrons

= At some stage, electric field becomes
so high it can break covalent bond at

the junction creating minority charge @ o
carriers (e - hole pairs).

= Thus more number of charge
carriers are generated. A chain
reaction is established giving rise
to even more collisions, thus
creating high current.

\

®
J

® Thus a large no. of charge carriers

are generated. This causes a large
erem flow /

2 PHYSICS
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4 ( RECTIFICATION ) A

%wave rectification-1 Diode ’ ;

Rectification
full wave rectification-2 Diodes

Transformer A
C 1

|
&

*=
o
2
+
3
oo
=
H,

m ) I
% 1 - 1 -
S | i
-

Q
]
&
3

=
o
>3

e Rectifies half of the AC wave

e In Positive half cycle,diode is forward biased
and output signal is obtained

e In Negative half cycle,diode is reverse biased,
output signal is not obtained.

It uses a center-tap
Transformer

D
D

”_

Input voltage waveform

<

AC Input
(Unrectified)

® 4 Diodes & full wave rectification
® QOutput is taken from diagonal where both
the terminals are same

dc component
_—

X
— F.
= VI
2 + .
ac = ——C 3R dc
=
:
o— | L o
Y
E /\___ [/
(=9
£
| AN/

T e T 7

I Centre A X
: Tap B

]

>
________ [ Diode 2(D,)
=

Diode 1(D,)

! ol S

R Output

Y

Output waveform
(across R;)

=]
o5
e

=]
g
wom
2

=}
g
—Um
o

=]
]
P
o

o

@ Positive half cycle diode:
Di- forward bias Dz-Reverse

biased

e Negative half cycle, diode: Di-

-~

Rectified output

e Converts rippled DC into pure DC
e Using parallel capacitor method or
by series inductor method

output with
capacitor
input filter

Rectifier

Filter
Rippled DC ——» Pure DC

reverse bias Dz2-forward biased \ !

~

~

J

i >

Representation @ T o

@ Heavily doped p-n junction diode

® Cannot be damaged by high reverse current
Always operated in reverse biased condition

e Can operate continuously without being
damaged

® Can be used as a voltage regulator (in the region
of reverse breakdown voltage)

I (mA)

Reverse bias .
orward bias

—

Rs
Unregulated - ®
voltage (V) I Regulated
Load  voltage
R, (V)
° @

Condition for working, V>V_ V=Applied voltage
V,=Zener voltage

® Applied voltage will be divided between zener
diode and series resistance (R.)

® Qutput is obtained from resistance R which is
connected parallel to zener

SPECIAL PURPOSE DIODES

Photodiode

-

p-side n-side

| | M

|
e Special type of photo detector
@ Connected in reverse bias

e p-n junction is fabricated from a photosensitive

conductor & provided with transparent window

® hV> E_, electron hole pairs are generated due to

incident light & photo current can be detected
in external circuit

where 7\, is maximum value of

photodiode
T mA

Reverse bias

A

volts

Faalis

kak

L>1>L>1

photocurrent increases with increase
in light intensity

wavelength which can be detected by

Representation

<
NG

@ Heavily doped;should be connected in
forward biased

energy

results in release of energy in the form of light
Choices of semi conductor material used in LED:

@ ) of visible light ranges from 400-700 nm

® To emit visible light minimum band gap should be
1.8 ev

® Gallium arsenide phosphate (6aAsP) - 1.9 eV
(Red light)

® Gallium arsenide -1.5 eV (Infrared)

4 PHYSICS
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e Spontaneously converts electrical energy into optical

® Recombination of charge carriers at depletion layer

AL

Top —Metallised
surface finger electrode

</ W
/‘ P

¥~ Backcontact

® Diode is unbiased
® Charge carriers are formed by breaking of

covalent bond when light falls on depletion region

® p side becomes positive n side becomes negative
giving rise to photo voltage
® When external load is connected, photocurrent I

flows through load
Iy

V.. (open circuit voltage)

IJ

sc

¥\ Short circuit current

ELECTRONICS
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N

Voltage

4 ( TRANSISTOR ) \ /7 CONFIGURATION OF ) \( G ) REALISATION OF BASIC GATES USING
. TRANSISTORS _‘_—_ » j?? Ny W I NAND OR NOR GATE

1 ! :

!
[Inpw

| 1

source B T 1 '
1

1 1
1
1

It is of three types :
B
| oocs N kg S
E | :

Input C output

Common Collector 4 o A
E I Voltage + Input Output Y A y
Current gain = =2 e C A |e v B
common emitter I 1 - B
; ; : . 0 1 0 e
It is a section on one side of the transistor. AJH ) o o Y=A.B =A+B Y=A+B =A+B
It is moderate in size and heavily doped. - -

It supplies a large number of majority
charge carriers for current to flow through
a transistor.

"—lE i r. ) ~N
e L il ~%
Y=A. =A.B

Very thin and lightly doped. J—
y hinand gl do | NoTEATE N yFBeas
: 7 B O =177 A
It is on the other side of the transistor.
Moderately doped and larger in size as v 0 1
compared to the emitter B - - _
! 0 2+:=: A+0=A  A.B=AB De-Morgan's law
) Corcuit C Voltage (7 <§ A e A+1=1 A.O_-O A.B=A+B
Emittar Colector Symbol source \ (oput A1=A A.A=0
PN P A+A=1

Output current

. J

Y
(Output)

0
€V, Input voltage

_._
L
o

. Lo )
—[1]1 E C = CV ° =TCXR0 \
IE=IB"'IC Inpu‘l’ outpu*r é_D_Y. Input Output U
B - Al y m
Action of n-p-n Transistor Y=AEB oo 1
Emiﬁer-"baie jqnc‘l’:gn - forward bbic'lsedd common base (inpu) _| | :l <1) ; i 0 < Z
ase-collector junction - reverse biase S B S R —
/_' LOGIC GATE (U N I I
Forward bias of emitter-base circuit repels AR L m —
. I . . . . . '
the electrons of the emitter towards base Nennls el
Oupa 3 oG > <
Base is very thin and lightly doped, T a
so very few electrons (less than 5%) are -
neutralised by the holes giving rise to base B | m
current I 3
Remaining electrons (greater than 95%) are = o Input Output u
pulled by the collector which is at higher ) I - YoATE AlB]| V¥
potential. Current gain OL= T A s o|o 1 o
v E IR R A Input | Output (input) _l P I : 0 1 0
The electrons are finally collected by the Voltage gain = — = —— =05~ ’ H A | B YV e I o s O A I ‘
positive terminal of V__ giving rise to Vi IR 1 o 8 cl’ ‘1) A 1|1 0
I I 2 SRR
collector current I, Power gain = P, =V I =CL ::—° i (1’ i PR B B e w

\ J L I AN
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