IT-JEE/NEET-FHYSICS

ELECTROSTATICS -ﬂ SAFALTACCIM

e e by S S

q I!.'.'__—-F:slr'-.!'
ot pot v s
B’ i tal)
Dersted found that a magnetic field is established around a 1
q | Magnetic
current carrying conductor. i1 I 7
Magnetic ficld exists as long as there is current in the wire. (@._;_?}}//

The direction of magnetic field was found to be changed when
direction of current was reversed. ||

&i 0O A moving charge produces magnetic as well as electric
field, unlike a stationary charge which only produces electric field.

Biot Savart's Law

Biot-Savart’s law is used to determine the magnetic field at any point due to a current
carrying conductors.

This law is although for infinitesimally small conductors yet it can be used for long
conductors, In order to understand the Blot-Savart's law, we need to understand the term
current-element.

Current element
It is the product of current and length of infinitesimal segment of current carrylng wire,
The current element is taken as a vector quantity. Its direction is same as the direction of current.

Current element AL = fﬁ
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where u, = Absolute permeability of air or vacuum =4 =10 T—f-—'?-—-—. It's other
Amp —meire

units are Henry
melne
N Tesln = metre
or o O
Amp * Ampere

{z) Similarities and differences between Biot-Savart law and Coulomb’s Law

(i} The current element produces a magnetic field, whereas a point charge produces an
electric field.

(ii) The magnitude of magnetic field varies as the inverse square of the distance from

the current element, as does the electric field due to a point charge.

. [ wf - i
df =2 faié »r Biot-Savart Law F= ;Lq—r Coulomb’s Law

dx r° dwe, r*

{iii} The electric field created by a point charge is radial, but the magnetic field created

by a current element is perpendicular to both the length element 41 and the unit vector .
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The direction of magnetic field is determined with the help of the following simple laws

-

(1] Maxwell's cork screw rule

According to this rule, if we imagine a right handed screw placed along the current
carrving linear conductor, be rotated such that the screw mowves in the direction of flow of

current, then the direction of rotation of the thumb gives the direction of magnetic lines of
force,

o
)
‘\Aht hand S ruls

According to this rule if a current carrying conductor is held in the right hand such that
the thumb of the hand represents the direction of current flow, then the direction of folding
fingers will represent the direction of magnetic lines of force.

%é;b 2
5 ‘T=

O < | >y ®

Right hand thumb rule of circular currents

According to this rule if the direction of current in circular conducting ceil is in the

direction of folding fingers of right hand, then the direction of magnetic field will be in the
direction of stretched thumb.
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If we stretch our right hand such that fingers point towards the point. At which
magnetic field is required while thumb is in the direction of current then normal to the palm

A

will show the direction of magnetic field. & 8 )

Eﬂﬁ : O If magnetic field is directed perpendicular and into the plane of the paper it is

represented by @ (cross) while if magnetic field is directed perpendicular and
out of the plane of the paper it is represented by @ {dot)
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In : Magnetic field is away from the observer or perpendicular inwards.

Dut : Magnetic field is towards the abserver or perpendicular outwards.
%L
6@ > l «—®
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Application of

(1] Magnetic field due to a circular current

If a coil of radius r, carrying current i then magnetic field on it's axis at a distance x
from its centre given by
T =0

]I."'n"ir 0
.. Ha : where N = number of turns in coll.
1 Tax e fao N2

¥ | Brawkpe =
B, = Nfun 2ol Bub™

Different cases . ” F
\/ﬁse 1: Magnetic field at the centre of the coil VWA Y | vaans
2
() Atecentrex =0 = 8___ =':i.'m."IIJ F-JM B M}Tﬂ-.
X F Ir
! it Hy 2w pi
i) F e t l V= B = £0 W OO0
(ii) For single turn coi 1 =B S =
iy Lm
iiiInCcC.G.5 —=1 = # = —
{ :I n G 4# == L [

Enﬁ! A 8,,.=N (i r constant), & . =i (N, r constant), #_., z1 (N, i

L 1
r

constant)

Case 2 : Ratio of B, and B,
magnetic field at the centre of circular coil and on it's axis is given by

i

gww_ | 4 3_(‘-
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Case 3 : B-x curve

The variation of magnetic field due to a circular coil as the distance x varies as shown in

the figure. 2 _—

&

e lf'*T“""""'“" S

L

(2) Helmholtzcoils ( 11T VMY 2 020)

(i) This is the set-up of two coaxial coils of same radius such that distance between their
centres is equal to their radius.

(1i) These coils are used to obtain uniform magnetic field of short range which is
obtained between the coils,

T

(iii} At axial mid point O, magnetic field is given =1} '.’]-E:T =1 432 8,
_ My NI Ni
where B = T

(iv) Current direction is same in both ceils otherwise this arrangement is not called
Helmholtz's coil arrangement,

(v) NMumber of poi inflextion = Three (4, &', &™)

Resultant feld (Unlform )

0, O oy X —
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{3) Magnetic field due to current carrying circular arc @ Mag‘nehi: field at centre O

»‘I'E % | i i
e, 2T
-..I-. .
R~ s

o @ _fh]
da r L4r
g al results
If magnetic field at the centre of Angle at centre Magnetic  fleld ~at
circular coil is denoted by B, centre in term of B,
[ _ My <m 60" (2) B,
N 180" () Baja
M 120" (27/3) Bif3
Magnetic field at the centre of arc 90" (/2] T
which is makm{gﬂan. angle #at the P (+/3) B /6
centre is & _ - | — |# 30" (%/6) Be / 13

{4) Concentric circular loops (N = 1)
(i} Coplanar and concentric : It means both coils are in same plane with common centre
(a) Current in same direction (b) Current in opposite direction

A *8 zm[l+i]
; i . i 2 Fy
"":'.'._ . :_.-'
Eﬂiﬁ S i 8 | By ]
t ot i)
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(ii) Non-coplanar and concentric : Plane of both coils are perpendicular to each other

Magnetic field at common centre

F

1:_':

(5} Magnetic field due to a straight current carrying wire

Magnetic field due to a current carryving wire at a point P which lies at a perpendicular
distance r from the wire as shown is given as

ey Vg x4
B =T —(sing +smp,) Ll [

,-""’Fr:_n-a_-ﬁ_gurc a={0°—¢)and F=(90° =g}

o5 it 6
47 r
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Different cases

Eaﬁ! : O When point P lies on axial position of current carrying conductor then magnetic

field at P i
——

B=o0 E___u
ahp

O The value of magnetic field induction at a point, on the centre of separation of
two lincar parallel conductors carrying equal currents in the same direction is

ZET0. 1." f.ﬂ‘
R A
_.rr ~
‘ i
w Dug=0 >

(6) Zero magnetic fleld : If in a symmetrical geometry, current enters from one end and
exists from the other, then magnetic field at the centre is zero.

In all cases at centre .rf'_ i
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- B %
- J[faﬁ:;u.’r"'f:em carrying circedar oop (= 1) &5 terned into & codl having n identical furns then
agnetic field at the centre of the coil becomes n° times the previouws field (.e. B e = 1 By,

txr)

@ When a corrent carrping ool s suspended freely in earth's magnetic field, it's plane stays in

East-West direction. ! ﬁ.ll
’ g 57Dy g ) '
I.' = Magnetic field {.E' 1 produced by a moving charge q 5 given by B= pFre = i — where |
F [ r
v = velocity of charge and v << ¢ (spaed af light} ‘ u /
. |
e

If an electron is revolving én a circufar path of radius r owith speed v thert magretic field

ed at the centre of clrcular path 8 =:h_;ri
"




HT-JEE/NEET-FHYSICS

ELECTROSTATICS -'4 SAFALTA COM

B atiee By N BN

Amperes law gives another method to calculate the magnetic field due to a given current distribution.

Line integral of the magnetic field i around any ciosed curve is equal o g, times the net current /

threading through the area enclosed by the curve f“' ! ,h.{,:,_r,J
fe §HJ.IT =,u02r'= My + 8 =1, ) ALEL
. - -

<& D

|||'|J _'—fi"?-_
JL
-#E' Haw b Fial wagmehi o ok

By paint oy hep]

5&&1 = )"(ﬂ "'ra,-’-; jﬁr: P.lfhf_'luq_d
thaep -
Im._ﬂ Total current crossing the above area is (f, +i, —i,). Any cument oulside the area is not
included in net current. (Qutward @ -« +ve, Inward & —» — 1e)

O When the direction of current is away from the observer then the direction of closed path is
clockwise and when the direction of current is towards the observer then the direction of closed

path is anticlockwisa,
.r"l. »
40 .
\oof 9%4! - Jas !
-,#'l‘w ) §&!: Jo |
et e
L




HT-JEE/NEET-FHYSICS

ELECTROSTATICS -4 SAFALTA COM

B atiee By N BN

i1} Magnetic field due to a cylindrical wire
LT wamdnd

® B

_[E——

RS e T T R b LT

(i} Cutside the cyfinder

o=

Solid cylinder Tl ol e el s Thick hollow cylinder

In all above cases magnetic field outside the wire at & §Eﬁ=p,,r = ﬂjd.f:,uﬁl = Bxlmm ) =

o L0

™ Iar
p,
In all the above cases B, . = o

(il Inside the cylinder : Magneatic fisld inside the hollow eylinder is zaro.

S P ;
f \ -
Fa l,lJ g=o N g=0
L _I." r
h—'t—__;-*—*‘)
Gross sectional view  Solid cylinder Thin hollow eviinder Thizk hellow cylindar

(WY

(arpemd ‘[’Wn’fl\-
TR Apus = 7

¥ DR

""{:H"'.
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Inside the thick portion of hollow cylinder

Lacp

Currant enclosed by loop (/) is lesser then the total currant
(4

Curmrent density is uniform ie J=

',]
i

Hence at point @ ﬁ_d.r'=

f

i
g ==
A

]
- I|'|-r"\.=..-.. - F

;&,ﬁ:ﬂxlm':%i

—F

g i
= i

Loap

(4

Hence at paint 2 fﬁ.ﬂr =gl > Bx Iwr= mx{.ﬁ-—'ﬁll

= = .-"_"1. . i r= & finmer surface) =10
in m, J
Hqf
i r= Ao (ouler surface) B = = ;
= Ay (oarder su ) Py {max.)

[i.id.-_-_rj For all eylindrical current distributions

s = 0 {min.), Burtace = max {distance ralways from axis of cylinder), By = 1ir
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(2) Solenoid

A oylinderical coil of many tightly wound turns of insulated wire with generally diameater of the coil smaller
than its kength is called a solenoid.

One and of the solenoid behaves like the north pola and opposite end behaves like the south pola. As the
langth of the solenoid increases, the interor figld becomes more uniform and the extemal field becomes
weaker.

i
L=

Rololofololalolotolol

o i e e s

IE#-II- ®w
i1 @

-“-'h_

CEREEREE®

A magneatic field is produced around and within the solenoid. The magnatic field within the solenoid is
uniform and parallel to the axis of solenoid. N

No- nb«h‘m&. pey —> 0= =

Infinite length solenoid : If the solenoid is of infinite length and the point is well inside the solenoid (&
a=F={=/2.
S0 B, =p,n
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(i) If the solenoid is of infinite length and the point is near one end Je. a=0 and F=(x/2)
So By = 3 i)

Iﬁ&.u:.l:l Magnatic field outside the solenoid is zero.

|
n Hlm..l' =;'ﬂ.w

(4) Torold : A toroid can be considered as a nng shaped closed solenoid, Hence it is like an endless

cylindrical solenoid.

Consider a toroid having tums per unit length

Let / ba the current flowing through the toroid (figure). The magnetic lines of force mainly ramain in the
cora of toroid and are in the form of concentric circles. Consider such a circle of mean radius r. The clrcular
closed path surrounds N loops of wire, each of which carries a current /therefora from FH"JF = Haf e

—'.‘-*H—M—p'"nf wh&m.rr_i
2ar

= Bu(dar)= p N
{ Ky T

For any point inside the empty space surrcunded by toroid and outside the toreid, magnetic field 8is zero

because the net cument enclosed in ihese spaces s zerd,

Concepis

@ Tha mmwdmummﬁa'ﬂ:;} for any efved path caliad magnealomolive force (IWEL s 58 uad s ame
= Fatho of dimeesion of el o WHE & egual o Mre dimension of reslstance.
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o Sieaf-Savend e i vanis B desprmeieiiie correo aiSsfeileaions edude Aripene s G S et o spenmelica cormen oisinfilioerns.

@ Bit-Savart iaw & Based only on the principle of magnelism wile Ampene’s laaws is hased on the peincipie of
SlEciromagreiiam.
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If a paricle carmying a positive charge g and moving with velocity v entars a magnetic field & than it
exparnences a force & which iz glven by the expression 2
F = i x By = .fi"_-qv.ffsma ve. Lt & o
Here ¥ = velocity of the particle, & = magnetic fisld
(1) Zero force

Force on charged particle will be zero (Le F=0) if

F=0
(i Nofiedd e B=0= F=10 Y,
T i
(il Neutral particle £8. g=0= F=0 E
[l
(iii} Rest charge ie. v=0=F=10 = 180

liv) Moving charge L& f=20ror =180 = F=0

(<) Direction of force

The force [ is always perpendicular to both the velocity ¢ and the field /i in accordance with Right
Hand Screw Fule, through + and # themselves miay or may not be perpendicular to each other.

=5 / %3/

Direction of force on charged particla in magnetic field can also ba find by Flemings Left Hand Rula
(FLHR).

Here. First inger (indicates) — Direction of magnetic field

Middlle finger — Direction of motion of positive charge or direction,

opposite to the motion of negative charge.

Thumb — Direction of force

F

i ¥
LTi € %
H""

VA K X

i) Circular motion of charge in magnetic fisld
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Consider a charged particle of charge g and mass m enters in a uniform magnetic field &with an initial

L y —p —
wvelocity v perpandicular to the field, Ei 47 KB
W

m - - -
E = = = 1 L]

3

L |
|
=
]

& 2 r ‘HH 30’

&= 90¢, hence from F= gvl sind paicle will experience a maximum magnatic force Fee = gwl which
acts in a diraction perpandicular to the mation of charged particle. (By Flemings left hand rule),

(i) Direction of path : if a charge particle enters perpendicularty in 8 magnatic field, then direction of
path described by it will be

Type of charge Direction of magnelc field Direction of it's circular molion
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[ B
o Anbiclockwise
Megative Cybwards &
i
I{/"‘\a I
Clockwise
Megative lrwrand & l\‘ﬁ-«*";
=l
/"" ® B
' Anbiclockwise
Pasitive Irnarard 62
a5
STTNG B
'u Clockwise
Pasitive Cubward @
L.

(iii) Time period - As in uniform circular motion v = re, so the angular frequency of circular mofion,
called cyclotron or gyro-frequency, will be given by @ = LA E{:[ and hence the tme period, T’ = -1"-: =2r 1’
¥ i Lk |;|'

ie, time period (or frequency) is independent of speed of particle and radius of the orbit and depends

f
only on the field 8 and the nature, Le., specific charge | q J of the particle.
I, i

IETLL T G
T

(4) Motion of charge on helical path {"

Tis Fpee Fpom + A s

?AAJ‘M A . bﬂ‘n\
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IE.IQIE:D 1 rotation = 2r= Tand 1 pitch=1T

A i e tey S 30N

0 Mumber of pitches = Number of retations = Number of repetition = Number of halical urmns

O If pitch value is o then number of pitches obtained in length fgiven as
I

Mumber nfpif.cheﬁ—i and time reqd, = -
P v gos i

Ratio of radi of path described by proton and c-particle in @ magnetic field (particlea entars

perpendicular to the field)
Constant quantity Formula Ratio of radii Ratio of curvatune (o)
V- SAME T R Foit,wlz2 c,opmZr]
4f X
£ - same e X it =211 ¢piep=1:2
q q
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& - same r_-.llurﬁ' 4 Jar o e ¢, Eg =111

V- sama i ;",,:r‘r:J:wH il :cn-=~.E.E

rtlme motion between two parallel plates fv H)
(i) To sirike the opposite plate it is essential that o < r. SR
(i) Does not strike the opposite plate o> r 3
(iii} To touch the opposite plate o =r. B

i

&= r

(v} To just not sirike the opposite plate « = r.

(v} To just strike the opposite plate o < r.

(5) Lorentz force F " ‘j.E; + ‘LVE;,gfqg

=] 9€ + 4uxp

(i When + I and £ all the three are collinear :
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(i) When E s parallel to B and both these fields are perpendicular to v then :

g —

(iii} v, E and B are mutuslly perpendicular :
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IH.QIE : 3 Froem the above discussion, conclusion is as follows

O FE=0 8=05 F=0
O IfE=0, 8=0 50 Fmay be zero (if @ =07 or 1807 ).

AFALTA com

e e by S S

B IFE#0, 820,50 F=0(if| .|+ F,| and their directions are opposita)

O FE=D F=0 s0F=0(because v = constant ).

Ot

Energalic
“=—_filen Beamr

Taroet




IT-JEE/NEET-FHYSICS

ELECTROSTATICS

=y SAFALTA com

ery watiamge by SIS

hﬂ]’ﬁ i | The posifive ions are produced in the gap between the bwo dees by the lonisation of
the gas. To produce proton, hydrogen gas is used; while for producing alpha-particlas,

helium gas is used.
(1) Cyclotron frequency : Time taken by ion to describe g semicircular path is given b

1.1 m

If T=time period of oscillating electric field then T = 2r = — H the cyclotron frequency v = J =

L

(2} Maximum energy of position : Maximum energy gained by the charged particle £ = [ 48 Jr-

whara s = maximum radius of the circular path followad by the positive ion.

ar
fll'_'" -
v

2m

ﬁﬂ[}]ﬂ 0 Cyclotron frequency is also known as magnetic resonance frequeancy.

O Cyclotron can not accelerate electrons because they have very small mass.
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If a paricle carmying a positive charge g and moving with velocity v entars a magnetic field & than it
exparnences a force & which iz glven by the expression 2
F =g « By = F=gvli sin@ '?-WF
Here ¥ = velocity of the particle, & = magnetic fisld
(1) Zero force

Force on charged particle will be zero (Le F=0) if

(i Nofiedd e B=0= F=10 Y,
T i
(il Neutral particle £8. g=0= F=0 E
[l
(iii} Rest charge ie. v=0=F=10 = 180

liv) Moving charge L& f=20ror =180 = F=0

(<) Direction of force

The force [ is always perpendicular to both the velocity ¢ and the field /i in accordance with Right
Hand Screw Fule, through + and # themselves miay or may not be perpendicular to each other.

Direction of force on charged particla in magnetic field can also ba find by Flemings Left Hand Rula
(FLHR).

Here. First inger (indicates) — Direction of magnetic field

Middlle finger — Direction of motion of positive charge or direction,

opposite to the motion of negative charge.

Thumb — Direction of force

i) Circular motion of charge in magnetic fisld
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Consider a charged particle of charge g and mass m anters in a uniform magnetic field 8with an initial
wvalocity v perpandicular to tha field,

L] < a4 L] L ]

&= 00e, hance from F= v sind particle will experence a maximum magnatic force Feer = gv8 which
act's in a diraction perpendicular to the motion of charged particle. (By Flemings left hand rule),

(i) Radius of the path

(i} Direction of path : if a charge particle enters perpendicularly in a8 magnetic field, then direction of
path described by it will be

Type of charge Diraction of magnetic fisld Direction of its circular motion
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&=
Anticlockwise
MNegative Cybwards &
.'/ & B
Clockwize
Megative Irwrard =
L
@ i
'\ Anbiclockwise
ol lenarard G
& A
Clockwises
Pasitive Chabweard &

(iii} Time period : As in uniform circular motion v = fe, S0 the angular fraquency of circular mofion,
called cyclotron or gyro-fraquency, will ba given by o = I ﬂ and hence the time pariod, 1" = 3—"'— = Er%
Fooom o i

ie., time period (or freguency) is independent of speed of particle and radius of the orbit and depends
i
only on the fiald 8 and the nature, {&.. specific charge | i] , of the particla.

i, i

i4) Motion of charge on helical path
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hﬂlE:I:‘l 1 rotation = 2r= Tand 1 pitch=1T

A i e tey S 30N

0 Mumber of pitches = Number of retations = Number of repetition = Number of halical urmns

O If pitch value is o then number of pitches obtained in length fgiven as
I

Murmiber nfpa‘f.cheﬁ—i and time reqd, | = s
7 ¥ ¢os &

Ratio of radi of path described by proton and c-particle in @ magnetic field (particlea entars
perpendicular to the field)
Constant quantity Formula Ratio of radii Ratio of cunvature (o
V- SAme T Foit,wlz2 ¢, Topmlr]
af i
P-m FIl:}rﬂ:l r#:rﬂ=z:l I:-p'i-'ﬂl—l:!
q q
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& - Same r=-.'1irrﬁ'=_ru:u"; o e 6 rbp=111

a8 4
V- sama :IJE i",.:rﬁ=J:1J'T -:r,:c“.=~.E_l

i

& Particle motion between two parallel plates (v | F)
(i) To strike the opposite plate it is essential that o < r.
(i) Does not strike the opposite plate o> r

(iii} To touch the opposite plate o =r.

b x ¥ ® ¥ o=

(v} To just not sirike the opposite plate « = r.

(v} To just strika the opposite plate o < r.

(5) Lorentz force

(i When + I and £ all the three are collinear :
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(i) When E s parallel to B and both these fields are perpendicular to v then :

g —

(iii} v, E and B are mutuslly perpendicular :
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IH.QIE : 3 Froem the above discussion, conclusion is as follows

O FE=0 8=05 F=0
O IfE=0, 8=0 50 Fmay be zero (if @ =07 or 1807 ).

AFALTA com

e e by S S

B IFE#0, 820,50 F=0(if| .|+ F,| and their directions are opposita)

O FE=D F=0 s0F=0(because v = constant ).

Ot

Energalic
“=—_filen Beamr
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hﬂ]’ﬁ i | The posifive ions are produced in the gap between the bwo dees by the lonisation of
the gas. To produce proton, hydrogen gas is used; while for producing alpha-particlas,

helium gas is used.
(1) Cyclotron frequency : Time taken by ion to describe g semicircular path is given b

1.1 m

If T=time period of oscillating electric field then T = 2r = — H the cyclotron frequency v = J =

L

(2} Maximum energy of position : Maximum energy gained by the charged particle £ = [ 48 Jr-

whara s = maximum radius of the circular path followad by the positive ion.

ar
fll'_'" -
v

2m

ﬁﬂ[}]ﬂ 0 Cyclotron frequency is also known as magnetic resonance frequeancy.

O Cyclotron can not accelerate electrons because they have very small mass.




