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MAGNETIC

1. MAGNETIC FIELD AND FORCE

(1)

(iii)

In order to define the magnetic ficld B we deduce s expression
for the force on a moving change ina pagnene Held,
Cousider a positive cliarge g moving i a o e grcte eld

B, with avelocity v, Let the angle between 4 and f be @

Fid

¥ 5in £ . /
. /

x/

The magustude of force F expenenced by the monving claree
15 chirectly praportional (o the magande of the charge e

Foxq

The magninede of force F is directly proportonal to the
compouent of velocity acting perpendicular 1o the diecion
of magmete feld. 1e

Fovand

The wagninde of force F is directly proportional to the
magnitude of the magnetic field applied 1.2,

Fx=B

Combining the above factors, we get

Faqusin0B or F=kqvBsm0

where k 15 a coustant of proportionality. Its value s found
tobeone ie k=1

F=qvBsing A1)
F=q(¥~B) A2
The direction of F is the direction of cross-product of

velocity ¢ and magetic field B, which is perpendicular to

the plane containing 3 and B.Itis directed as given by the
Right-lianded-Serew Rule of Right-ITand Rule,

If ¥ and B are in the plane of paper, then accerding to
Right-Hand Rule, the direction of § on positively charged

particle will be perpendicular to the plane of paper upwards
as showa in figure (a), and on negatively charged particle will
e prerpencdicular o the plane of paper downwards, fgure (L)

s l;{'l.":‘ 1)

Definition of B
[fv=1 g=1andsing=1 oro=290°the nfrom (1),
F=1=1=B=~1=B.
Thus thee magmetic feld induction at a point outhe mametic
field is equal to the force experienced by aunitcharge moving
with a vt velocity perpendicular 1o the direction of mametic
field at that point.

Special Cases

Case () If8=0° or 1807, thensin® =10,
Frotu (1),

F=qvB{0=0.

Itmeans. a charged particle moving along or opposite to the
direction of magnetic field, does not experience any force.

Case(il) Ifv=0thenF=qvBsan =10,

It means. 1fa charged particle 1s at rest wmamagnetic feld, 10
experiences no foree,

Case (1) If 6 =907 thensing=1
F=qvBil)=qv B (Maximmum).

Unitof B STunit of B is tesla( T) orweber {metreF ie. (Whint')
or Ns T ar!
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Thus. the mametic field induction at a powt 1s said to be
one tesla ifa charge of one coulomb while moving at right
angle to a mupmetne feld, with avelocity of | ms! expenences
a force of 1 newton, at that point.

Dimensionsof B = MLT® _ ALl

AT(LT)

2. LORENTZ FORCE

The force experienced by a charged particle moving in space
where both electric and magnenc fields exist s called Loramz
force.

Force due toelectle Meld. Whee acloreed parmcle evmving
charge +q is subjected (0 an elecme ficld of suemeth £ 0
experiences a force given by

F. —qE A5)

whase direction is the same as that of £

Foreeduoe to magnetic field Ifthe charged pamicle s meving
in a magnetic field g, with a velocity 7 i experiences a
force given by

Fm = q{i"v-: E]

The direction of this force i1s 10 the directionof ¢ . g 1.0

perpendicular to the plane contaning ¢
directed as given by Right hand screw mile.

e to bath the clectric and magnetic fields, te wotal force
experienced by the chiarged particle will be given bv

and [ oand is

F=F, +F,=qE+q[¥xB)=q(E +¥xB)

P':q{E+f:-:H-] .A6)

This is called Lorentz force.

Special rases

Case L. When 7. E and B all the three ave collinear. In

this situation, the charged particle is moving parallel or
antiparallel o the fields. dhe mamenic force on the charged
particle is zero. The electic force on the charged particle

. 1 |
will produce acceleration a = =
i

along the direction of electricl field. As a result ofthis, there
will be change m the speed of charged partucle aloug the
direction of the field. In this sitwation there will be no change
i the direction of motien of the charged particle but, the

or

speed, velocity, menwntim and kinetic energy of charged

particle will change,

Case IL When . E and § are nmtually perpendicnlar fo

each other. In this situation if g and § are such tha

F=F,+F,=0. then acceleration in the parricle,

i E .

a =— =0Tt means the panticle will pass theowgh the felds
111

witho ! any change nits velocaty, Here. F,=F_seqE=qv DB

orv=EB.

This concept lias been used {n veloclbyv-selector o g2t a

charged beam having a definite velocity

OF A CHARGED PARTICLE IN A

M MAGNETIC FIELD

Suppose a particle of mass moand charge q. entering a
mtertn mamete feld induchion g at O, with velocity 3,
grachan s anele 0wl the direction of magnetie feld acting
11 1he plane of paper as shown i figure

T e . -
e — =l —
n i ..

———.fir-'j,ﬁw--'—-——-b

Voo ) %
----- il T S
______ - m e
R ;o i — — — - .

0 !

Resalving ¥ into two rectangular components, we have |

vieos 0= v Jacts in the direction of the nametic field and
vsin B (= v,}acts perpendicular to the direction of magnetic
field.

For component velocity ¥, the force acting on the charged
particle due to magnetic ficld is

F=q|% =B)
F=q¥.« EII = qv,Bsin9F = g[vsind |B (1)

The direction of this foree F 15 perpendicular to the plane

contaiming | and ¥, and is directed as given by Righi
hand nide. Astbns force is to remain always perpendicular 1o

¥, it does not performt any work and hence cannot change

the magnitude of velocity ¥, . It changes enly the direction
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This time is independent of bulh the speed of the ion and
radius of the civeular pathe In case the time during which
the positive 1on deseribes a senueire ular path s equal to the
time durivg which halfevele of elecmie oseillator is complated,
then as the wo armives i the gap between the two dees, the
polantyof the rwo dees is reversed 1.e. D, becomes positive
and D, pegative. Then, the positive 1ou is accelerated
towards I, and it enters [, with greater speed which remains
constant in D, The ion will describe a semieirenlar path of
greater rad s due to perpendicular magnetic field and again
will arrive i a gap bepween the o dees exactly at the
instant, the polarity of the two dees is reversed. Tlms, the
positve ion will go on acceleratinng every mine it comes 1o
the gap between the dees and will g0 on describing cireular
path of greater and greater radins with greater and greate:
speed and finally acquires a sufficienty gl energy. The
accelerated ionican be removed out of the dees fromwindow
W, by applying the electae field across the detlectmg plares
Eand E

AMaxinmm Energy of positive lon

Let ¥, 1, = maximmy velociy and amaxiouun rodins of the
circular path followed by the pesiine ton e cvelatron.

v

' 0 . :

Theme — = Bqv, of dg=——
Iy m

1 . 1_{Bqr} :
h’I;m.KE.:—ulL';,:—m[ ”T“'J Ry 5
2 i ¥ HATH]

Craclotron Frequency

If T is the time period of oscillating electric field then
T=21=2muTq

1 By
T Imm

The cyclotron frequency is given by |V =

It is also known as magnetic resonance frequency,

The eyclotron angular lvequency is given by

_ Ny — Y
o, =2mv=Bg/m

3. FORCE ON A CURRENT CARRYING CONDUCTOR

PLACED IN A MAGNETIC FIELD

Expression for the force acting on the condnctor carryving
cwrrent placed in a maznetic field

Consader a straight ¢ylindeical conductor PQ of length £,
area of cross-section A, camying cwrent 1 placed in aunifonn
miagnetic field ofinduction, g. Let the conductorbe placed
along Neaxis and nwpnetic feld be acting in XY plane making
an angle 8with X-axis, Suppose the current [ flows throngh
the conductor from the end P to Q. fizure. Since the carrent

m a conducter 1s due to motion of electrons, therefore,
electrons are moving fromthe end Q to P (along X' axis).

-
B
FI
i i £l
R AR
e 0 i
- P 3

Let, ¥4 drift velocity of electron
— & = charge on cach elecwon.
Then nepmene Lorentz force on an election s given by

{ = —g| V= ﬂ}

[f 115 the munber density of free electrons Le. number of
free clecrons per mut volsie of the eonductor, then otal
muuber of free electrons i the conductor will be given by

M= A0 = 1Al

Toral force on the conductor 15 equal to the force acting on
all the free electrons wside the conductor while moving in
il magnetic field and 15 given o

T = nAd| - ¢ Ei]]z A le( Ty xB) (T

We know that eurpent throngh a condnctor is related with
drft velocity b the relation

[=ndev,

If = nevy.f

We represent ¢ as cwrrent element vector. It acts in the
direction of flow of current ie, along OX, Since |7 and ¥
bave opposite darections, hience we can write

If = —nAfety (8)

From (7)and {8). we have

F-1/<B k9]
=15
F=1I{Bsmd L)

were @ is the smnller angle between 17 and g.
Special cases

Case LIf6=0%0r 1807, sin 8 =0,

From (10). F=1I/B (0) = O (& o)

It means alinear conductor camving a cument if placed paraflel
to the direction ol magnetic field, il expenences no force.

Case [LIf8 =90 sinB =0
From (100, F=I{B = 1 =I{B (Aaanuumn)
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Special cases 1.
IT the coil is set with its plane parallel to the divection of
magnetic Meld B, tlen

B=0"mdcos0=1

2 Torque, = nlBA(1) =nlBAMaximnen)
This ts the case with a radial field.

Ifthe coil is set with its plane perpemlicular to the divection
cfmagentic field B, then 8= 90° and cos 8= 0

o Torque, T=o0lBA(0) = O {hinimmmn)

7. MOVING COIL GALVANOMETER

Moving coil galvanemeter is aninstnonent tszd for detection
and measurement of small elecirie eurrers.

Principle. s working s based on the fact shat when a crrent
catyingeoil 15 placed in amagnetic field. it expenencesa e

Construclion. It consists of a coil PQES, Linmg large
nwnber of s of insulated copper wire. ficure Thecalis
wound over a non-magnetic metallic frame {usually brass)
which may ke rectangular or cirenlar in shape. The coil is
suspended from a movable tersion head H b mmeans of
phosphor bronze strip ina nafora oo enetie fie ld prodoced
by nwo strong eylindrical magnetic pole preces M and 5,

H

Y

RADIAL FIELD
(TOP VIEW OF
THE GALVANDMETER)

The lower end of the coll is connected to one end of a hair
spring 5° of quartz or phosphor bronze. The otlier end ol this
highly elastic spring 5'is connected to a terminal T . L is soft
iron core which may be sphencal if the coil is cireadar and
cylindrical, if the coil is rectangular. It is so held withm the
coil, that the coil can rotate freely without teuching the ivon
core and pale pieces, Tlas makes the magnetic field linked
with coil tobe padial feld Le. the plase of the cotl m all positions
remiains pamllel to the divecion of mametc ficld. M is concave
mntor attached to the phosphor bronze stip. Tlas helps usto
note tie deflection of the ¢oil using lawp and scale
armpgement. The whoele amangement s enclosed in a non-
metallic case o avoid dismrbance due to air ete, The case is
pronided with leve g screws at the base,

The spring 5 does three jobs forus - (1) It provides passage
of et for the coil PORS, (15} It keeps the coil in position
ateed (10n) gezerates the restormg torque on the twisted coll.
The torsion head 3s connected to ferminal T, The
galvanometer can be connected to the eircunt through
temminals T and T,

Theory. Suppose the cotl PORS 15 mispended freely in the
e feld.

Let ¢ =length POQor RS, of die col,

b= Docadth QR or S Bofthe coil,

n = munber of firms m the coil

wea ofeach nu of the eoil, A=T - b.

Let. B = sirength of the magnetic ficld m winch coil 1s
sispendecd.

[ = cugment passing trough the coil in the direction PORS,
fs showm 1 fgure.

Leerat amy wstam, o be the angle winch the normnal davwn on
the plane of e cotlmakes with the direction of magnetic feld.

As already discussed, the rectangular coil camrving ciurem
when placed w the mingnetic field expenences atorgue whose
magnitude 1s given by T = nlBA sina.

If the magnetie field is radial ie. the plane of the coil is
parallel to the direction of the mametic field then o = 90F
andsma = 1.

T=nlBA

Due 1o this torgue, the coil rotates. The phosphor bronze
strip gets twisted. As a result of it a restonng forgue comes
ko play m the phosphor bronze strp, which would vy 1o
restore the coll back to its onpinal position

Let 8 be the mwist produced in the phosphor bronze strip
due to rotation of e coil and k be the restonog torque per
mnit rwist of the phosphor bronze strip, then total restoring
ropque produced = k 6,

In equilibrivm position of the coil. deflecting torque
= restoring torgue
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or

If

ulBA=ko
I=—E—l3 or I=0G0
nBA
where DA G=a constant for a galvanometer. It is

known as gahvanometer constant.
Henece, T« 8

It meeans, the deflection produced is proportonal 1o e
current flowing through the zalvanometer. Such a
galvanometer lias a honear scale.

Current sensitivity of a galvancmeter 15 defined as the
deflection produced m the galvanonsterwhena unit eurrent
flows through it

1f 8 is the deflection in the galvanmuneter when cwrrent I is
passed twough 11, then

Chrrent sensitivily,
9 _mBa k

=1 |

I .
Tk up.s !

The umit of earrent seusitavaly s md. A opdie A7
Veltage sensitivity of a galvanmueter is defined as the

deflection produced nthe salvanometer when st voltge
is applied across the two termunals of tie galvanoometer.

Let, V' ="vollage applied across the two tcrmuinals of the
galvanometer,

8 = deflection produced m the galvanomcter
Then. voltage sensitivity, V, = 87

R = resistance of the galvanometer, [ = ewrent through it
ThenV =1IR

Voltage sensitiviry,

thie vt -:h’f"-.'5 is rad Vlordiv, VL

Conditions for a sensitive gabranometer

{a)

A galvapmuierer is spid to be very sensitive 1 i shows large
deflection even when a small current is passed through it

nBA 1

From the theory of galvanometer, € =

For a grven value of T @ will be large 1f0BA % s larze. s so
if{a)nis large (b) B islarge {c) A is large and {d) k 1s small.
The value of n can not be increased beyond a certain limit
becanse it results in an increase of the resistance of the
galvanometer and also makes the galvanometer bulky. This
tends 1o decrease the sepsitiviry, Hence n can not be
increased beyond a limi.

) The value of B can be increased by using a strong horse
shoe magnet.

(¢} The value of A cannot be increased bevond a it because
in that case the coil will not be ina uniform magretic field.
Moreover, it will make the galvanometer bulky and
wmanageable.

() The value of k can be decreased. The value of k depends
npon the natwe of the material vsed as suspension strip.
The value of k is very small for quanz or phosphor bronze.
That 15 why. m sensitive galvanemeter, quartz or phospher
breaize st s nsed as a suspension sirip,

MMETER

A8 mmaeter 15 a low resistance galvanmneter. It is used 1o
measire e current A circuil m amperes.

A palvanometer can be converled 1m0 an anuneter by using
alow resistance wire i parallel with the galvanometer. The
resisbance of s wire (called the shint wire) depends upon
ile moge of the mumeter and can be calenlated as follows

Ler G = resistance of galvanometer, 0 = munber of scale
divissens in the galvanometer.

B = f1zure of ment or current for one seale deflection in the
galviometer

Then current wineh produces full seale deflection in the
aalvanmneien |r = nk.

Lot | e e nusinno ererent to be measuwed by galvanometer.

To o so, a shivgr of resistance S is connected in parallel
with the galvanometer so that out of the total corent 1, a
part I shiould pass through the galvancmeter and the
retaing part (1 - [l} flows throngh the shunt fipure

AMMETER

1
1
|
& (1-Tg) {I-li]HFI
1
1

V-V, =1G=(I1-1)S

)
IE

-1, |

or S G {20

Thus 5 can be calculated.

If this value of slhunt resistance S is commected in pamllel
with galvanometer, it works as an ammeter for the range 0 to |
ampere. Mew the same scale of the galvanometer which was
recording the maximun curent [r betfore comversion Wito anunater
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will record the maxmuim carent I alter conversion mto mometer,
It means each division of the seale in anmeter will be showing
lugler cwrent than that of galvanemeter

s A

Initialreading of each division of galvanometer to be used as
ammeter is 1/ and the reading of the same each division
after conversion info ammeter 1s I

The effective resistance R, of ammeter (1.e. shunted
palvanometer) will be

Rp G S @GS

1 1_8+G GS

—t—= or Ry =—r -

As the slnmit resistance 15 low. the conbined resistance of
the galvanometer and the shunt is very low and hence
amuneter has a mich lower resistance than galvanometer. An
ideal ammeter has zero resistance.

9. VOLTMETER

Let,

A volterer 15 a high resstanee galoanoncres 11 used 1o
measure the potential difference between two points of a
Lt i volt

A palvanometer can be converted mto o voltineter by
comecting a ligh resistance m seties witl the sulvinonstes

The value of the resistance depends upon the ranoe of
volmmeter and can be caleulated as follows

(i = reststance of galvanometer,

u = munber of scale divisions m he galvanometer,

K = figue of merit of galvanometer 1.2, curtent for oue scale
deflection of the galvanometer.

Current which produces full scale deflection in the
galvanomeier, I' =nk.

Let W be the potential difference te be measured by
galvanomeler.

To do so, a resistance B of such a value is connecied i
series with the galvanoimeter so that if a potential difference
Vs applied acress the termnals Aand B.acwrent I flows
through the galvanometer. fimire i

VOLTMETER
——— e ———— -
r i
]

: R .
- O ' T
i s |
b s |
LI e __ J

MNow, totl resistange of volineter= G + R

FromOlm'slaw. I = ——— or G +R = 1"
! G+R I,
v
R=—-0
2

Ifthisvalue of B is connected m series with galvanometer. it
works as a veltmeter ofthe range O to Vvolt. Woaw the same
seale oftlie galvanemeter whict was recording the maxmmun
potcniial I G before conversion will record and potential V
after conversion i rvo voltmeter Itmeans each divisionof
the scale mvoltmeter will show higher potential than thatof
the galvanoineier

Effective resistance R, of converted galvanometer into
vl ler 1=

B, =tk

For voltumcter, a ligh resistance R 1s connected in series
with the galvanometern therefore, the resistance of voluneter
15 very large as compared to that of palvancmeter. The
pesisbance of an ideal voltmeter is mfnity.

10. BIOT-SAVART'S 1AW

or

According o Biot-Savart’s law, the magnitude of the
nutenetic feld wmduction dB (also called magoetic ux
densirv) at a powt P due 1o curent element depends upon
the fac liars at stated below :

WHES S (it) dB o« df
: 1
(1) dB = sin {iv) dB = =

Combinme these factors, we get

-

R s B
©
Arsin

dB:EI l-1m
-

X

where K 15 a constant of proportiomaliny. Its value depends
on the system of units chosen for the measurement of the
variows quantities and alse on the medinm berween poiu P
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and

and the ¢wrrent element. When there is free space between
current element and point, then

|
In SI wnits, kK= :”

and [ cgs system K =1

where p, is absolute magnetic penueability of free space
= 472107 Wh A'm™! = da =107 TA'm
(- 1 T=1%Whu)

In ST uits, g = Mo, [4ES0 gy

dn r
dfsing
In ces systeny, dB _ =
2

In vector form, we may wite

|di_3|=”_ul|dhf| . dE=“_B1[dE.Kf] “

: A1)
4 ¢ T

Direction of dB. From (4). the direction of gi would
obviously be the dicetion ef the cross pooduct vector,
dr . INis representad by the Bigln hopded serew mile or
Right Hand Rule. Hete dB s perpendicular to the plane
containing g7 and 7 andis direeted wwards [flie poinr P
is tothe left ofthe coment element, 453 will be perpendicu b

to the plane contamig 47 and ¢ . diecrzd ounvards

Same important features oTBlot Savart™s law

L

o

Biot Savart’s law1s valid for a symmmetncal euarrent distibuion.

Biot Savarts law is applicable only to very small lengih
conducior carrying cuoTent.

This Law can nor be easily verihed expermentally as the
current carrying conductor of very small length can not be
ebtamed practically,

This law is analogous to Coulomb’s law in elecrostatics.
The direction of 4R is perpendicular to both 147 aod 7.

e =0%1¢e thepoun P bies on e axis of the linear conduc tor
carTying clurent (or on the wire carrying curent) then

g kir s 0°
4= r:

dB= =0

It means there is no magnetic field nduction at any point on
the thin linear cwrent carrying conducior,

I0=00% 1.e the pomt P Lies ata perpendicalar position warl.
current element, then

| []4 o i
= . which is maxinuon,

dp=Xe
I_I.-

N

(1

]

)

or

11. MAGNETIC FIELD DUE TO A STRAIGHT

4\ CONDUCTOR mnn’ﬁr‘iq CURRENT

If0=0%0r 1807, then dB =0 1.e. miminmim.

Similarities andd Dis-sindlanities bebween the Biot-Savart's oy
for the magnetic field aod coadombs Loy forelectiostatic field

Similarities
Both the laws for ficlds are long range, since in both the

laws, the field ata point varies inversely as the square of the
distance from the source to point of ebservation

Both the Aelds obey superposition prineiple.

The magnetic field is linear i the source g7 . just as the
electric ficld is lincar in its source, the electric charge .

Consider a siaight wire conductor XY lving inthe plane of
paper camyving eurrent Do e dirsction X to Y, fgure. LetP
be @ point at a perpendicular distance a from the straiglt
wire condugtor, Clearly, PC =a, Let the conducter be made
of snall corrent elements. Consider a small current elentent

ke of the stymight wire conductor ar @, Let © be the
pasaiaedl vector of Powort current element and 6 be the angle

bemveen 1d7 and 7 Len@@=¢
Y.,
.._\H
g
- a (\ -
.
C 2 p
! By
| >,
df 0 7
[ & .‘!.
X

According to Biot-Savart’s law, the magnetic field g (e
magnetic flux density or mageetic induction) at point P due

to current element 147 is given by

df = Mo MO<T
i !
‘e
JB ;j.J_ux Id.s1|11EI )

4 r-
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Also,

And,

5o,

()

S0,

(n1)

Inat angled APOC 0+ =007 0r8 =90"- 4
sin B =sin (9 — @) = cosd ..{6)

a a
casf=— of T=—— 7}
r cosd

{
tanp=— or {=atanf
a

Differentiating i, we get

df =asec b A8}
Putting the values in (5) from (6] (T and (5], we zet

I aseczd:dqa COs
Ho { } =Fl—ulti‘:‘¢:-l.|-fl 9

dn a” . dma
curs:¢|

The direction of dB3 . accordiug to right lme b nale,
will be perpendicular 1o the plage of popsr and doeeted
invards. As all the cument elements of the condnctor wall
also produce magnetic feldmabe same do conon, therefoe,
the total magnetic field at point P due 1o cument through the
whole staight conductor XY can be oboamed 1w mtegranng
Eq. (9 wathin the limits — #, and + ¢, Thus

dB =

' _Hag 1 g I e
I I o5 iy ddy = W [aun.-] E
—ﬂ'l

=I:r|:a

[muh —sinn [~y }] {amdli +sia | {10}

Special cases. (1) When the conductor 20Y 15 of mfunte length
and the point P lies near the centre of the conductor then

ll':": =4, =Dor

A1)

B= l':' I[san{J"+ 511191.)“]—1—'3_1
a

When the conducter XY is of infinite length but the point P
lies near the end Y {or X then h, = 90° and ¢, =0°

I,. . 1
= ~[sin 907 + sin0°] = Po 2 L{lla)
ima 4ma

Thus we pote that the magnetic field due to an infinite long
linear conductor camying current near s cenire is nice
thian that near one of its ends,

If length of conductor is fimte, say L and point P lies on
right bisector of conductor, then

L' L

iy =6, =dand sind =

Mg 21 L

I . : iy 21 .
Then B="0 Lo p+sing] =12 gnp =220 =
4.1:1[ ¢ ¢] 7 a ¢ 4z a ‘|'I-|211 + 12

(%) When point P lies on the wire condwctor, then g7 and ¢ for
each element of the straight wire condhictor are parllel

Therefore, 47 « 7= 0. Sothe megnetic feld mdicion P=0.

Diivection of magnetic field
The magnetie beld lines due to straight conductor camrying
current are 1n the form of concentric circles with the
conductor as centre, lving in a plane perpendicualar o the
straight conductor. The direction of magnetic ficld lines is
anticlockwise, ifthe cwrrent flows fromAto B in the straight
conductor figmre {a) and is clockwise if the cwrent flows
fronn oA o the straght condaetor, figure (b). The cirection
of macnene feld lines is gven by Right Hand Thumnb Rule
o1 A axowell s cork screw nule.

Raght hand thumb rule. According to this rule. ifwe tmagine
the lnear wire conductor 1o be held in the grip of the rigln
hand so that the thuwb points in the direction of current,
then the cwrvatwre of the fingers around the conductor
will represent the direction of magnetic field lines, figure
{ayand (h).

l"w._"'l

{a}) {hy
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12. MAGNETIC FIELD AT THE CENTRE OF THE

or

Bt

CIRCULAR COIL CARRYING CURRENT

Consider a cirenlar coil of radms rwith centre O, Iyving with
its plane m the plane of paper. Let I be the current flowang in
the civcular coil in the direction shown, figure (a). Suppose
e circular coil is made of a large munber of qurent element s
each of Jength dr,

Accordimg to Brot-Savarts Lnw, the waenene Geld ar the

centre of the circular coal due to the corrent clenent 147 s
given by

d]—s_Jl_.:,][di‘fo

4 r

dB—'uJ Id!’rsin&_ﬂ]dfsiﬂ&

4w r dT
where ¢ is the posinon vector of pomt © Fom e curvent

element. Since e angle between g7 and ¢ 15907 (Le. =907,

therefore,
R = Mg I_d-'_'s.i:ill.'-l[:l" dR = Hg Idf _{17)
in ATy

In this case, the direction of g8 15 perpendicular to the

plane of the cwrent loep and is directed inwards. Since the
curretst throvgh all the elemenrs of the circular conl will
contribute to the magnetic feild in the same direction,
therefore, the total magnetic field at powt O due to current
inthe whole circular coil can be obtained by integrating eq.
{12). Thms

B= de =j%¥ =%Ti:jdf

jd.r =total lengthofthe circular cotl = circnuference of the

current loop = 2nT

Le

Mo U, Mg 2al

B _
dmr

1

dn T

If the cirenlar coil consists of n tups, then

Igamul gl
L
im 1 4t

B 13}

Hg 1 .
B-= y < angle subtended by coil at the centre.
Int

Divection of B

The direchion of naznetic field at the centre of circular currem
o 1s given By Rigl Daad male,

Bzl Haud nde. Accordmge (o this nude, 1fwe hold the thumb
ot et T semmally perpendicular to the grip of the fingess
such that e enrvature ofthe fingers represent the direction
afenrtent mthe wire loop. then the thumb of the right hand
will pomt i the direction of masmetic field near the centre of

tlie cucrent loop

13. AMPERE'S CIRCUITAL LAW

Consider an opensurface with a boundary C, and the curremt
I s passing throngly the surface. Let the boundary © be
made of large nuniber of small line elements, eachof length

df, Thedirection of g7 of small line eleinent wider study is
acting tangentially to its length df. Let B be the tangental
compoenent of the mwametic field mduction at tlus element
then fil and 47 arc acting in the same direction, angle

between them 15 zero, We take the product I;Ji‘l?-1 aud of for
that element. Then

Bdf =B.df
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If length 47 is very sinall and products for all elements of
closed boundary are added together, then sumn tends 1o be

an integral around the closed path or loop (e ).
Therefore, T of Bdr ever all alemients ona clased pml

=aEﬂ-d'? = Line integgal of g arovnd e clewed path oo

loop whose boundary ecaneides with the closed pathe
According o Ampers's ciresiial b

Bl =p,! A19)

where [ s the total current threading the closed path or loop
and g 15 the absolute permeabiliy of the space. Thus,
Ampere’s circnital Law states that the Jine stecral of magnenc
field induction g arcund a elosed path i vaciiim s equal 1o
1, times the total ewrent I treading the closad patl

The relation (19} mvolves a sign cenvenon, for tle sepse
of closed patlyto be mraversed while taking the line integral
of magnetic field (1e.. direction of tnlegraton) and current
threading it, which is given by Right Hand Rule. According
1o it il curvature of the fingers s perpendicular 1o ke b
of right hand such that the enrvanire efthe fingers represents
the sense, the boundary s waversed w the closed path or

loop for }( Badi | thenthe direction of humb gives the sense
in which the ewrent I is regarded as positive.
According o sign convention, for the closed path as shown

in fignre, I, is positive and I, is negative, Then. according to
Anmpere s circuital law

fBAT =g (1, 1.) = pol,

where [ is the tota] curent enclosed by the loop or elosed path,

1]

The relarion (19)1s independent of the size and shape ofthe
closed path or loop enclosing the cumen.

14.MAGNETIC FIELD DUE TO INFINITE LONG

ar

STRAIGHT WIRE CARRYING CURRENT

Consider an infinite lotg straiglt ware [ving 1o the plave of
paper. Let | be the cwrrent flowing throughit rom X to Y A
mwagnenie field is produced which bas the same maguanede
at all points that are at the same distance from the wire, 1.2
the magetic field bns evlindeical syvoumetry arowmnd the wire,

Y
B
J.IIr
F !’
ll.'l
X

Lot P hea pomdt ot a pepodicular distance rfmom the straighn
wire and [ be the mopmete field at B It will be acting
rancentially o the magnetic fizld line passing through P
Consader an oupsaian loop @ o arle ol mdivst, perpendicular
to the plane of paper wath centre on wire such that point P
les on the loop. Gewre. The magnitude of nepuetic feld s

sanie at all pomts on tlis loop. The magnetic ficld g at P

will be tangential to the circumiference of the cireular loop.
We shall intezrare the amperian path anticlockwise, Then

B aud g7 are acting in the same direction. The e integml
of B around the closed loop 1s

§Bdi = {Bdlcos0® =B dl =B2m

As per sign conveution, here I is positive,

Using Ampere’s circuital law

f Bdi =gl or B2rr=p,l

Hol _Hg 21

i S I A

21

15. MAGNETIC HELD DUE TO CURRENT THROUGH

A VERY LONG CIRCULAR CYLINDER

Consider an mfinite long evlinder of radius B with axis XY
Let ] be the current passing through the cyvlinder A magnetic
fiedd 15 setup dueto current through the evlinder m the form
of circular magnebc lines of force, with their centres lying
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or

o

(i)

on the axas ofevlinder. These hues of Torce are papendicular
to the length of eviinder.

Case L Point P is Iving outside the cylinder. Let r be the
perpendicular distance of pomt P from the oo of eylmder,
wherer =R Let g be the magnene ficld mdoctionat P Is
acting tangennal to the magnene lie of torce a1 P divecred
into the paper. Here | and ¢ are acting in e saie direction,

Applying Ampere circilal law we have

-I':Ed?=||ﬂl or -)J(;Bd{c'ns[]:=uul
.f‘.Bdf—.pDI or Blmr=p,l

il
Tim

B Lie. Bxlir

Case I1. Point P is Iving inshde exlind ey, Here r< B we iy
have two possibilities.

If the eurrent is only along the surface of exlinder which is
so i the conductor is a oylmdncal sheet of metal, then current
through the closed path L is zere, Using Aanpere circntal
law. wehave B=0.

[f the cwrrent 3s uniformly diswibuted thronghout the cross-
section of the conductor, then the cwrent throngh ¢losed
path L is given by

Applving Ampere’s circwtal law, we have

[‘ Bad? =y, I"

278 = pgp, 1= Ll

i, Ir .
= l_.;.l__;;_ ie, By
2aR”
If we plot a graph bemveen magenc field induction B and
distance from the axis of eylinder for a cwrent Aewing throngh

a solid cylinder, we get a curve of the npe 2 shown figure

or B

BH

Here we note that the maznetic field induction is maximom
far o potnt on the surfee of solid evlimder camving curemt
alrd 15 zero for a point on the axis ef cylinder.

16. FORCE BETWEEN TWO PARALLEL CONDUCTORS

CARRYING CURRENT

Constder €00 and €D, two infinite long straight
cotductors carnving cwrents I, and 1, i the same direction.
They are held parallel e each otier at a distance r apart, in
the plane of paper The magnetic field is produced due 1w
crerrent thronel cach conductor shown separately m figare.
Since each conductor is in the magnetic field produced by
the other therefore, each comnductor expeniences a force,

UI abosmans Foonannain]| [,
—y t
I*I 'J”I",EII
. —3
Fiooop I,
p— p——
B
it
-}
1, 13,
C C,

Magnetic field inducton at a point P on conductor €D,
due to cwrent I, passing through C\ D 15 given by
by 20,
47 ¢

L A1)
According to vight hand rate, the direction of magnetic field

F!.| 1 pependicular to the plane of paper, directed mwards,
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A the carent eanrving condictor C. D les i the miamietic

field Fil (produced by the current through C D)), therefore,
the unit length of C.D, will experience a force given by
F,=BlL=1=B],

Putimg the value of B, we have

-
F _hy 2L
A

~{13)

It means the two linear parallel conductors carrying
currents in the same divection attract each other.

Thus one ampere is that nmch curvent which when fowing
throngh each of the twe parallel uniform long linear
conduclors plared in [ree space at a distance of one melre
Trom each other willatbract o vepel cach other with a foree
of2 = 107 N per melre of their length.

17.THE SOLENOID

A solenod consists of m msulatng lone vare closely wound
in the formof a helix. Its length s very larze as compared to
1ts diameter

Magnetic field dite to a solenoid

Consider a long straight solenoid of cireular cross-section.
Eacl nve nunsef the selenoid are insulated o each othies
When current is passed thraugh the selewoid, then each
nn of the solenold can be reganded as a coonla foop
carrying cworent and thas will be producing a magnetic Geld
At a point ontside the selenoad, the magnetic fields due 1o
neighbouring loops oppose each othier and at a pomnt inside
the solenond, the magoetic fields are 1o the same diection
As a result of it, e cflccnve magmetic field ourside the
solenoid becones weak, whereas the magnetic field i the
imerior of solenoid becomes strong and nmiform, acting
along the axis of the solepoid

Letus now apply Ampere’s circuital law.

Let o be the monber of tums per vt length of solenedd and
I be the cwrent flowing threugh the solenoid and the hums
of e solenoid be closely packed.

Consider a rectangular muoperian loop PQRS near the middle
of solenoid as shown m fipure

5 p— [
L 3 L
JI»i!--h-h!---!--l [e]=]=]® -r-[-|-1-:.1.}
- —; —
I bt L} » »
* : — | —— -
3] - -l -
- ol 4

The linc integral of magnetic ficld induction [ over the
closed path PQRS is

§ Bai[Bai+|Bar+ B+ [Bai
PORS P Q i3 5

Here,

] —

Bd{ =T13dfmu° =BL
P

. P

and [ B = [Bdfcos90° = 0= [Bdl
L2 i',: 5

.—‘klsu.jﬂ..df =0 (- outside the solenod, B = 0)
R

| Bd"=BL+0+0+0=BL

i (21

Frenn Aanpere’s ewe ural law
l Bdf =py, « tetal current Uircugh the rectangle PQRS

PR

= 4, - oo of e rectaogle © clrrent

22

Fronn (217 and (220, we [ave

=p.n Ll

Bl = p ol or B=y ol

Tins relatton gives the magmete Geld mduction at a poin
well inside the solenoid At apoint near the end of a solenoad,
thie magnetie held niduction s found to be p,n 12

The toreid 15 a hollow cocular g onwluch a lrge muonber of
insulated s ofa metallic wire are closely wound. In fact, a
toreld is an endless solenoid i the formn of a rue., figure,

Magnetic lield due to current in ideal Loroicd
Let o be the munber of tums per wmt leagth of tormd and 1

be the corrent flowing through it. In case of ideal toreid, the
coill turns are cireular and clesely wound. A mwagmene field
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or

or

or

of constant tmagnitude is set up inside the tums of oroid in
the form of concentric circular magnetic field lines. The
direction of the maguetic field at a point is given by the
tangemnt to the magnetic field line at that poim. We draw
three circular anpenan loops, 1, Zand Jofradir, r.and 1 to
be raversed in clockwise direction as sllm-.u by l‘l'lh-h(.‘d
circles in figire, so that the points P, S and Q may lie on
them. The cireular area bounded by loops 2 and 3. both cut
the toroid. Each num of courent carmying wire is cut ance by
the loop 2 and twice by the loop 3. Let B, be the magitude
of magnetie fleld along loop 1. Line mtegral of maznetic
field B, along the loop 1 is

f B, .di = _{, B,df cos 0° = B, 27, . (i)
loap 1 loap
Loop | encloses no current.

According e Anpere’s circiial law

j: f!, A7 = Ly = cturent enclosed by loop L - 1 < 0=10

Loy ¥
Blar =0crB =0

Let B, be the wagnitude ofwaguetic field slong the loop 3.
The line mtegral of magnetic field B alous the loop 3 s

_f. B,.di= @ B,dfeos0® = B,2,

loop 3

From the sectional cuf as shown in fiowwe, we note it the
current conung out of the plane of paper s cancelled exactly
by the cwremt going into it. Therefore, the total cwrent
enclosed by loop 3 15 zero,

According to Anypere’s circuital lan

f ﬁ_; di= My, = tetal current througl loop 3
loop 3
Bl’i:-'q'T‘i =|.|.DKG=0 ur Bt=ﬂ'

Let B the magnitude ofmagnetic field along the loop 2. Line
imtegral of magmetic field along the loop 2 15

j B.d7 = B2,
Laop 2

Cwrrent enclosed by the loop 2 = mmber of tums = current

ineachmm=2mr,n~1

According 10 Anpere's circuital law

L_f B = i = total current
loop 2

B:J'U'j :jwwf;.:ﬂl or B:]’JU“I

19.MAGNETISM & MATTER

|-+

tA

19.1 The BarMagnet

It is the most commonly used formof an anificial magnet.

When we hiold a sheet of glass over a short bar magnet and
sprinkle some iron filings on the sheet. the iron filings
rearrange themselves as shown in figure, The pattern
sngoests that attraction is maximun at the roo ends of the
bar magnet, These ends are called poles of the magmet.

Merndian

L]
1
:r-‘f“—l!.'l agnetic
1
|

The earth bebaves as a magmet.

Every magnet atracts small pieces of magnetic substances
like iron. coball, nickeland sieel fowards ir,

When a magnet is suspended freely with the help of an
unspun thread, 1t comes to rest along the north south
direction.

Like poles repel each other and unlike poles atiract each
other.

The force of attraction or repulsion F between two mammetc
pales of strengths m, and m, separated by a distance 1 is
directly proportional to e product of pole strengths and
inversely proportional to the square of the distance between
their centres, 1.e.,
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mm - the field of the magnet. The torque acling ou a compass
Fur——= or F=K—1= ulere K is magnetic force needle aligns it in the direction of the magnetic field.
r- r
constant. The patll along wlich the conpass needles are aligned 1s

known as magnetic field line.

-
aL

where 1, is absolute magnetic penneability of free space
{Alr vacti).

e

B

A1)

This isealled Coulemlss w of mamene foree. However, in
cas systeny, the value of K = 1

ﬁ#. . / Magnatic fiegld ines dus to

@ bar magnet

This eamresponds to Coulomb’s law in electrostatics. 8]

S1 Unir ol magnetic pole steength
Suppose i, = o, = n(sayl,
r=1lmandF=10-"H}

Froin equation (1),

107 - 108 J'{l[m]‘l_n:rni or
1-

(Am). Therefore, strength of a magnetic pole 15 said o be

one anpere-tnetre, Filrepels anegual and smular pole, when

placed in vacmun (or airpat a distance of one meise from i,

N
s =Py =+ | muprere-fEne

witha force of 107N, aqretic e Nnes oue to
) : : a salanoid carrying current
6. The magnetic poles alwaws exist i pairs. The poles of a b
magnet can never be separated 1.e. magnetic menopoles do
not exist.
A o q

n_" \ql I’f |i'-.
e l.t.r -

A
.B_-.
P
X
..-f-“r: : I,
20. MAGNETIC FIELD LINES Py X ':f‘-»:

Magnetic field line is an imaginary cwrve, the tangent to Electric filed linos dus to an
which at any point prves us the direction of magnetic field electric dipole

o

B at that point.

If we imagine a number of small conpass needless around a
mwagnet, each compass needle experiences a torque due to
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Propecteis ol magnelic feld lines .,
1. The magnoetic field lines of a magnet {or of a selenoid dl M .m

carrying current) form ¢losed continuous loops. . N "I
2 Outside the body of the magnet, the direction of magnetic M g_: H

fiedd lines is from noith pole to south pole. , ———
1 Al 20y given Doint. tanzent to ke =1 1in - We shiall show that the ST umit of M s joule’tesla or anpere
: Al ALY g point, 120 & metre’,

represcits the direction of net magnetic feld (B ar that 1 unit of pole srength is Am.

T,

: ) i . Bap magnet as an equivalent selenoid
4 The magnitude of magmetic field at any poant o5 represented BN o it 4 cusrent loon acts as & masnatic dipole

by the munber of magnetic field lines passing noomally T b acls as a mag poe.

lE;I'O‘lI{.—!].I o ) u!::i Accordme to Ampere’s ivpothesis, all magnetic phenomena

LI | Therefore, crow S : )

) " . i can be explained in tevms of cirenlating currents.

lines represent a strong magietic fizld and lines which are ! t . et g

1ot so crowded represent a weak naenetic ficld Iu li!_'}u'l:ﬂm:mv:t_is; feld hines for a bar maget and a cument
S Notwo mgifiEHEUEIUNE w camvitee solenotd resemble very closely. Therefore, a bar
- i : SECT 2acts 4 -

21.MAGNETIC DIPOLE

A magnetic dipole copsists of tvo unlike poles of equal
strengih and separated by a suall distauce.

For example, a bar magnet, a compass needle ete. e
wagnetic dipoles, We slall show that a current loop Debaves
asa magnetic dipole, An atom ofa magnetic material bebaves
as a dipole due to electrons revolving arouwud the nucleus.
The two poles of a magmete dippole (or & wagiet), called
north pole and senth pole are always of equal strength. and
of opposite gature, Further such two magnetic poles exist
always in pairs and cannot be separated from each other.

Thie distance berween the rwo poles of a bar magnet is called
the magnetic length of the magnet It 1s a vector directed from

S-pole of magnet to its N-pole, and is representad by 27

Magmetic dipole moment 15 the product of strength of enther
pole {m} and the mametic length { 27 ) of the magnet.

Itis represented by 3.

Magnenic dipole imoment = strength of eaber pole = magnetic
length

X = m 27

Magmetie dipole moment 15 2 vector guantity directed from
South to North pole of the magnet, as shown in figure

et can be thought of as a large muuber of circulating
ciure s 11 amalogy with a solenowd. Cutting a bar magnet is
Iihe cuttig o soletopd, We get e saller solenedds wih
weaker magnetic properties. The mapnetic field lines remain
conhinieus, energme o oue face of oue solenoid and
eitcrmg mto other face of other selensid. If we were to
aove o sinall comnpass neadle i the geghbomliood of a bar
nuignet and a current carmving soleneid, we would find that
the detlections of the needle are sinmlar in both cases,

Todemonstrate the sipulanty of a current carrying solenoid

tov o bag magnet, letis ealenlate axial field of a finite solenoid
CAaITy1ng currenl.

i Ty
B | b
i \
1 i a o
[l rr D: i :r
L} I i
\_ J' ! rr
- e —5 -
| R e e
L] [ H

In figure, suppose

a =radins of solenoid,

2 = lenpth of solenoid with centre O

n = munber of nirns per unit length of solenoid,

i = strength of current passed throngh the solenocid

We Lave to calculate wagnetic field at any point P oo the
axis of solenoid, where OF = . Consider a small element of
thickness dx of the solenodd, at a distance % from O,

mumber of nuns in the element = ndx.

Using equation., agmtude of mapnetic field at P doe 1o this
clumrent element is

B~ tgia® {ndx)

. L
Zr{r— x) va ~A10)
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IP Lies at a very large distance from O, Le 1 => aand ¢ >= %,

then [{r-x)+a’}? =

Hgia “ndx
o

dB A1)

Asmnge of variaionofx is from x =— ftox =+ {, therefore
the magminude of total magnetic feld at P due 1o awtent
carmying solenoid

o1 Emad v
1511137 1100~ =+
Hzl_n_ _ }'dle!;. d [1]1

7 =
20’ o i x

B= gni a” (20)= b 2uf2f )iza® s
2 1'1" . A rT' 2

IE M 1s umgnetic mement of the selenod. e
M = tofal o, of mums = current = area of goss seciion
M=n{2f) =1~ (ma’)

e

47.‘ ri ---“3:]

This is the expressien for magnetic field oo the axial line of

a shon bar e mmet.

Thus, the axial field of a finite solenoid carnviie currvent is

sarne as thit ofa bar magmet, Hence, for all prociical prupiose s,

a finite solensid eamying ewsrent is eqeivalent toa Lo magne
Potential energy of a magnetic dipole ina magnetic (feld

Potential energy of a magnetic dapole 1n a magene field s
the energy possessed by the dipele due to its partcular
posinon m the feld

When a wagenic dipole ofmoment py 15 held at an augle 0

with the direction of a uniform magnetic field g, the
wagnitude of the torque acting on the dipole is

t=MBsing Al@E

This torque tends o align the dipole in the direction of the
field. Woak bas to be done in rotating the dipole agrnst the
action of the torque. This work done is stored in the
magnene dipele as potential energy of the dipole.

Now, snall amount of work done in rotating the dipole
through a small angle A9 against the restonug tongue 15

dW =t do=MB sinBdo
Totalwork dene in rotating the dipole from 8=8, 10 6=18,is

(£
W= j. MBsin 8 do = MB[-cos H]:: = - MB[cos8, - cost) |
%

Potential epergy of the dipole is

U=-W- -uﬁqcma_,-msal]| ik

When 0, =907, and 0, =0, then
U=W==MB{cosl - cos 507}
W=-&Bcos8 18
T vegtor notation, we iay rewtie [ 18) as

vy
Farticubar Cases
I When @ = w0~
U=-ABcoest=—MB cos90°=0

te. when the dipale is perpencdicnlar to magnetic field its potential
CILTEY I SRTO.

junf]

{19)

Hence o caloulate potential energy of dicle at any position
asthan e g le Owith B, we ise
L7 = - MB (cos 0, — cos 0,) and take 0, = 90° and 0, = 0.
Thetetore,
L'= - MB(cos
ol Whent=0
Li=-ABcos 0°=-MB
el s b Tlus 38 the position of stable equalilrin
f.c. when the magnete dipole 15 aligned along the magnetic
frelid it os 1 stabile equilibeivnn having tandoun PE.
3 Whepg= 180°
T=— AHB cos [E0° = MB, which 1s maxinum. This s the
positien of nstable equilibriwmn,

cas 907y = - MB cos B

22.MAGNETISM AND GAUSS'S LAW

Accordmg to Gaiss's Llaw for mametsow e pet mametic
thue (i) through any closed surface is always zero.

23.EARTH’S MAGNETISM

Magnetic elements of carth at a place are the quantities
which deseribe coanpletely inmagmunude as well as divection,
the magnetic field of earth at that place.
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231 Magnetic declination

Magnetw dechinaton at a place 15 the angle between
magnetic meridian and geographic meridian at that place.

g
GEOGRAPHIC
MERIDIAN
B
i
_ I
M Ko
| [MAGNET:C
| MERIDIAN
I
|
I
I
I
]
I
- J "
- " = G
ola - JTH C
Retain in Memory
1. Theearth's magnetic poles are nof atdirecthy opposite positions

I

on globe, Crent maemette sonth 15 Guther ton geomaphie
south than nwgnetic north 15 frome geoeayhic nonh.

Infact, the magmetic field of earth vares vl position and
also withtime. For example, i aspan of 230007 from 1580
10 18204, D, the magnetic deeliation at Losdos s been
found to change by 3 5% — suppesting that magnclic poles
of earth change their position with e

The magnene declmation m India s rather sinall. A Della,
declination is enly 07 41" East and at Minabar, the declinanon
is 0° 58" West. Thus at both these places, the direction of
geographic north is given quite accurately by the conpass
needle (within 1° of the actual direction).

23.2 Magnetic Dip or Magnetic Inclination

Magmetie dip or wngmenie inclmamon an a place 15 defined s
the angle which the direction of total strength of earh’s
mgmetic field nakes wath a honzontal line i magetie meadin

233 Horirontal Component

It is the conponent of total intensity of earth’s magmetic
ficld in the horizental direction in magnetic meridian. It is
represented by H,

In fignre, AK represents the total intensity of earth’s nugnetic
field. #BAK = & The resullant mtensity R along AR 1s
resolved into two rectangular conponents ;

Henzontal ¢omponent along AB is
AL=H=Rcos & LA23)
Venical conpencnt along AD is
AM=V=Rsind L2

Seuare (23) and (243 and add
H*+3 =K (cos’ 5 +sin’ &)= R*

R-= VI v

R=s {25

Dividing (24) by (23}, we get

Fsin v
= aor [tan =
R cos H

v *
5| -26)

The valne of horroptal component H = R cos & 15 differein
al different places. At the magnetic poles. & = 90°
H=Rcos¥0*=zero

Al e nusgmietic equater, 5= 0°

M=Reom0"=R

Horzoual conpenem (H) can be measared using both, a
vibizanon maznetometer and a deflection magnetemeter.

The valne of H at a place on the surface of earth is of the
ardder of 3.2 - 107 1esla.

Menuay note

@AIMAGNETIC PROPERTIES OF MATTER

Mole that the direction of honzontal component H of earth s
petzienic feldis foan eograpiie south to geographic nonh
abwove the surface of earthe (F we ignere declination).

T deseribe the magnetic properties of waterials, we define
the follewmng faw tenns, which should be clearlyundersiood

4.1 Alagnetic Permeability

It 35 the abaliny of a material to permit the passage of magnetic
likes of foce rongh it Le. e depree or extent o wlich nagetic
field can penetrate or penneate a naterial is called relative
umgnetic penneabnality of the watenal. Tt is represented by .

Belative magnetic penueability of a mterial is defined as the
ratio of the munber of magmetic field lmes per vt area (e
fhix density B) in that material to the munber of magnetic
field toes per unit area that would be present, if the medinn
were replaced by vacuumn. {i.e. fluxdensity B ).

=B
R

Belative magnetic pernmeability of a material may also be
defined as the ratio of magnetic permeability of the material
(1) and magnetic penneabiity of free space {plﬂ}

.I H |
M, =—| 0 J=[Lg
| B

We know that = dme 1077 weber/amp-metre (Wh A7 )
or henry netre { Hin ')
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STumts of permeability (i) are
Hor'=WbhbA ' m = ({Tm)Atmi=TmaA*

24.2 Magnetic Intensity (H)

The degree o wluch o magnetic field can magnetise amatenal
is represented i ters of magnetising force or nagnetise

intensity { ;g b

243 Magnetisation or Intensity of Magnetisation *1°

Thus

It represents the extant to which a specinenis magnetsad,
when placed ina magnetising field. Cuantiatively,

The mwapnetsation of a masnetc watenal 1= detied as the
magnene moent per wt volme of the narenad

Mhagnetic moment  m

(M)= ==

vohone
There are 81 wut of 1. which ate the svme o5 ST units of T1

Magnetie susceptibility { €50 of & maznene matenal s

defined as the ratio of the mensity of wueeti=ioen (1
induced tn the material o the nwgnetising terce | H) applied

on it. Magnetic susceptibility is represemed by 5

I
L =—

H

Relation between magnetic permeability and nagne tie
susceplibility

When a magnetic material is placed m a magnetising feld of
wagnetising iorensity . e material gets nwgnetised, The
total magnetic induction B in the material is the sum of the
wagmetic induction B, m vacoun produced by the magmetic
iorersity and magnetic induction B_, due to magnetisation
ofthe material. Therefore, .

B=B,+B_

But B, =y, H and B, = my [ where [ is the inlensity of
wagnensarion mdweed m e wagnetic material. Therefore,
from above

B=uH+upl=p,(H+I).
B=pg(H+1)|

1
Mewas ¥ ==

o I=g H
H "

From abiove, B=py[H+3 H)=pgH{L+3,,)

But B=uH

pH = H(1+3,,) or 2ot fa

(]

This 15 the relaton berween relatve wagnetic penneabilicy
anved miagmetic susceptibiling of the marerial.

25.C1AS

IFICATION OF MAGNETIC MATERIALS

There is a larze variety of elements and compounds on eanth.
Some new elements, allovs and compounds have been
syiibesized i the laboratery. Faraday elassified these
substances on thie Basis of their magnetic propertics, into
the fuilowine tiree calezones ;

(1 amagnetic substances,

(i)

(i)

Pararngnetic substances, and
Femronagnenc substances

Thesr mam charactertstics are disenssad below :

251 Diamapgneiic Subsbinees

The dimmagnetc substances are those in which the
deerdual atous moleculeslons do not possess any net
nstzenie et on their o When such substances are
placed i an external magnensing field, they get feebly
magetised m a doecnon opposite o the magmetising field.
when placed m a pon-uniform magnetic field, these
substances lave o rendency to move from stronger parts of
the f1eld 1010he weaker parts.

When a specimen of a diamagnetic material is placed in a
iwsgmetsing feld, the magoetic Geld lines prefer not o pass
through the specnnen

Helative magnetic permeability of dimmagnetic substances
15 always less than ity

From the relation p, ={1+3,).a u, =L 3, is ncgative.

Hence suscepribiliny of dimmagnetic substances has a small
negative value,

A supercenductior repels a magnet and in tam, 1s repelled
by the magnet,

The phenomenon of perfect diamagnetism in
superconductors is called Melssner effect. Supercondncting
magnets have been nsed for mnning magnetically leviated
superfast trains

252 Paramagnelic substances

Paramagnetic substacnes are those in wlach cach indivadual
atem‘mclecule’ion hias a net non zero magnetic moment of
its own. When such substances are placed in an external
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magnetic field, they get feebly magnetised in the direction
of the mngnetising field,

When placed in a non-wiiform nummetic Deld, they tend 10
mwove from weaker parts of the field to the stronger parts,

When a specimen of a paramagnetic substance is placed in
a magnetising field. the magnetic field lines prefer to pass
throwgh the specunen rather than through A

From the 51 relation, 1, =1+ %, a5 ), =1, therefore, ¥
mmst be positive. Hence, susceptibility of parmnagnetic
substances is positive, though small

Susceptibility of paramagnetic substances vanes mversely

1,
as e temperature of the substance 1. ¥, % — e they

T
lose theirmagnetic character with rise i feinperanre.

253 Ferromagnelic substances

()

iy

()

Ferromnagnenic substangesage thosa i whael ench mdpvidial
atomrmolecule’on bias anon zero muaoie!ic nieienl, as o a
paramagnetic substance,

When such substances e placed m an exicml moencsmg
fietd, they get sronzly inagnensed i the duzetonof the field
The ferromagnetic materials show all the properties of
parainagmetie substances, but toa mnwh o eoter demee, Fon
exaniple,

They are strengly magnetised i the drection of externl
field in which they are placed.

Relative mapnetic permeabnlity of fememagnetic matenals is
very large [ = 10 to 107)

The susceptibility of ferromagnetic matenals 1s also very
large. (r. =1 -1)

That is wly they can be magnetised easily and strongly.
With rise in temperanore, susceptibility of ferromagnetics
decreases. Afa certain tengperature, ferromagnetics change
over lo paramagnetics. This [ransiion lemperatire is called

curie temaperanire. For example, oune temperature of iron is
about 1000 K

Substance ¥ en Ky M
1, Damagnetic | =12y, <0 h=p, = TRt
2. Paramagnetic [O<y,, <e* | Lo, <{l :—'} =Ly,
A Terromagnetie| 3 =1 py =l TR T

254 Curde Law in Magnetism

According o Cure law,

Intensity of magnetisation (I) of a magnetic material is (i)
directly proportional o magmetc induction (B). and (i)

LE.

As

myversely proportional fo the tenperature (T) of the materal

IxB, and I'ac-l-
T

Combining these factors, we get 1% —

T

B« H - magnelising mlensity

:"\l-ﬂ.'l;' I

]

=3
|

—

whese C 15 a constant of proporticnality and is called Cure
conatant.

26.HYSTERISIS CURVE

The livsterisis curve represents the relaton between
nsenete mduction [{ (or imtensity of magmetization 7 )of
afermeaupgmetic materm] with magnetziing force or nngnetic
wtensity . The shape of the hysterisis curve is shownin
fiwre, If represenis the belimviour of the material as ir is
taken throush a cycle of magnetization.

Suppose the material is unmagnetised initially be, B =g

and 1 = . This state is represented by the origin 0. We
place the matenal in a solenoid and inerease the current

through the solenoid gradually, The nngnetising force §

inereases, The wagnetic induction § i the material

increases and saturafes as depicted in the curve ea. This
behaviowr represents alimunent and merger of the domans

of ferromagnetic material until no further enhancement in g

is possible. Therefore, there is no use of inreasing soleneid
cirent and hence magnene tensity beyvond this.

b
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This phenomenon of lagzing of I or B behind H when a
specinen of a magetic material is subjected to a cyele of
B{_f_: Y magnetisation is called hivsteresis,
20t For exangle, Ivsteresis loop for soft iron is narrow and
8 large, whereas the hysteresis loop for steel is wide and shont,
- figure
o4
0.5+ ¥
200 -100 i . SN SOFT IRON
00 200 :
==Y tm—1} ETEEL
X 3 m o
¥

Mext, we deerease the selenowd cwreut amel hence magetic
imlensity g7 all it reduees 10 zero. The curve follows the

path al showing that when [1=0. § - 0. Thus, some
magnetismis left in the speciinen.

The value of magnetic wnduction g leit i the specunen
when the magnetismg force 15 reduced o zero s ealled
Retentivity or Remanence or Besidual mapetm of the
material

It shows that the domains are not completely randonsed
even when the magpetising force 15 remeved MNext, the
current in the solenoid 15 reversed and mcreased slowly,
Certain domams are {lipped untl the netmagnene mduction

g inside is reduced to zero, This is represented by the
curve be. I means to reduce the residual magnetism or
retentivity 1o zero, we have to apply a magnetising force =
OC in opposite direction. This value ofmagnetsing force is
called coercivity of the matenial

A the reverse cwrrent m solenond 15 ncreased mmagutude,
we once aeain obtam saturation in the reverse direction at
d. The variation is represented by the cunve od. Next, the
solenoid current 15 reduced (curve de). reversed and
increased {curve ea). The cyele repeats itself. From figure,
we find that samrated wagnetic induction B, is of the order
of 1.5 T and coercivity is of the order of =90 Anrt,

From the above discussion, i 15 clear that when a specanen
of a magnetic material is taken through a cycle of
magnefisation, the intepsity of magnetisation {1} and
magnetic induction (B) lag bebund the magnetising force
(IT). Thus, even if the magetising force IT s made zeve, the
values of T and B do not reduce 10 zero 1.e., the specimen
tends 0 retam the wagmetic properfes.

(1)

(i)

(1)

()

)

The Livstensis loops of sefl won and steel reveal tha

The rerentivity of soft iron 1s oreater than the retentivity of
sigel

Sofl iton is more strongly macpetised than steel,
Coerorvay of sefl mon s less than coercivity of steel. Tt
it selb won loses s magnelsmmoere rapidly than steel

does.

va aren af I-H loop for soft iron is smaller than the area of
[-1] Joop for steel, therefore, Dvsterisis loss i case of soft
iron 15 seikaller thean thie Livsterisis loss i case of steel,

Permanent Magnets

Perapent wagnets are the materials which retain at room
teang=rature, their ferromagetic properties for a long tine,
The matenal chosen should have

high retentivity so that the magnet is strong.

high coercivirty so that the magnetisation is not erased by
stray magnetic fizlds, temperature changes or mechanical
damage due to rough bandling ete.

hgh penuealality so that it can be mammetised easily.
Steel is preferred for making permanent magnets,
Electromagnets

The core of eleciromagnets are made of femomammetic
wiaterials, which hiave high permmeability and low retaativity.
Soft iron is a suitable material for thes purpose. When a soft
iron rowd is placed in a solenoid and curent is passed through
the solenoid, magetisim of the solenoid 15 mereased by a
thousand fold, When the solenoid current 1s switched off,
the magnetism s removed wstantly as retentivily of sofi
iron 15 very low. Electromapnets are used m clectmic bells,
londspeakers and teleplone diaphragnis, Giant
electromagnets are wsed in eranes to lift machinery ete,
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27. HALL EFFECT Specific example
In the above circular loop tension in part A and B.

The Phenomenon of preducing a transverse emf in a current I balanced condition of suall part AB of the bop is diown below

carrving conductoron applving a mametic field perpendicnlar
1o the direction of the current is called ITall effect,

Hall effect helps us to know the nanre and mumber of charge
carmiers in a conductor.

Consider a conducter having elecirons as enment camiers.
The electrons move with drift velecity ¢ opposite to the

direction of flow of clurent

du

2T sim = -iF=Bidl = ETsiug = BiR.da

di da .
[Ealwd 15 small so, s L—., — — [ —=BiRdd

= -

Foree acting on election By = —2[ v« B} This force acts
Bil

27

along X-axis and hepce electrons will move towands fice (2) T-BiR.if2aR=LsoT-=
and it becomes negatively charged.

28. STANDARD CASES FOR FORCE 4
CURRENT CARRYING CONDUCTO F 4

Case 1 : When an arbitrary eurrent cormvinge loop pliced m Y : : - i
| fno magnene field is present, the loop will still open into

a circle as moit’s adjacent parts current will be in opposite
diection and opposite curents repel each other.

a wagnetic feld {1 to the plane of leop), each element of
loop experiences a magnetic foree due to wlich loop
stretches and open info circular loop and ension developed
init's each part.

@b

Case 2 Equilibrivm of a curvent caurrving comduc lor :
\I/ When a finite length cwrent carmyving wire is kept parallelro

another infinite length cwrent carmying wire, it can suspend
freely w air as shown below

L Bal on ——fF—%
Movable
“— — X L2 ¥ :
-------
Fixed i
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Fisid i
i T
Muovable | —————

v

——— f ———a4

In both the situations for equilibaum of 2308 1S dowtvard

. : : Kl 2 i
welght = upward magnene forceie. mg = I—'ﬂ—' A

i1 h
A /

In the first case ifwire XN s shightly disploced from is
equilibrimmpesition, itexecutes SHA and 1t's iite penod

i
ismvenby T=2x [—.
i} b/ V2

If direction of current i movible wire i~ reversed then
it's insEantaneous acceleration produced is 2o.,

Case 3 : Current curying wire and circubar loop 0 13
current carrying siwaight wige is placed e neenc field
of current canving circular loop,

Wire is placed in the perpendicular magnetic field due to
coil at it's centre, so it will experience a maxinnun force

o Mgl
F=Bir =190,

— ] —n

Wire 1s placed along the axis of coil so magnetic field
produced by the coil is parallel 1o the wire. Henee it will no
experience any force,

Case 4 : Curvent curving spring @ IF cwrent 15 passed
through a spring., then it will contract becanse current will

flow throngh all the tums in the same direction.

&

[f currvent makes 1o How through spring, then spring will

coni et and wergln Liftap,

—

= K

Sprmng

If swateh 5 closed then current start flowing, spring will
exccule oscillaton o vertical plane.

Case 5 : Tenskon less strings : Inthe following figure the
value and direction of current through the conductor XY so
that strings becomes tensionfess 7

Strings becomes tensionless if weight of conductor XY

balanced by magmetic force (Fm}l.

Strimge

T4 . f . AT
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Mg

Hence direction of corrent s from X — Y and o balanced

. ] . omg
conditionF =mg =Bif=mg==i= —
Ll e Br
Case 6 1 A cwrent camyving cotducior fleating in air such
that it is making an angle 8 with the directon of magnenc
field, while magnetic feld apd conducior Lol lies m a
horizontal plane.

In equilibriwm me = Bif sipd =1 =

Brsmb

Case 7 2 Sliding of comdue ting rod on e lined rails : Wihen
a conducting rod shdes on conduchng rails.

Insulated

I cosl

In the following sitwanion eonducting red (X, ¥) slides a3
constant velooiry if

FeosD=megsm0 = Bifcos0 = mgsind =B = F;?;E-Ta'ml]

il
TIPS & TRICKS

1. The device whose working principle based on Halubolz
colls and i which uniform magnetic field is used called as
“Hablholtz galvanometer™,

2. The value of magnetic feld mducton at a powl on the
centre of separation of two linear parallel conductors
carvine equal cwrrents an the same direction is zero.

I, Ifa cwerent corrying eucular beop {n = 1) 1s tumed into a
cotl havine oowdentical mms then magnetic field at the
centre of the coil becomes o tunes the previous ficld ie.
B =u"B

AN [Faal] [single nEm)
4. When a corrent carrymg col 15 suspended freely in carth's
menetie feld. irs plane stayvs in East-West direction.

5. Maanctic ficld ( B) produced by a meving charge q is piven

ol Vil e gl s
: ‘1; e 3 }=:—:q[ o ) : where v = velocity of
i I i =

w B

cliarge and v < < ¢ (speed of light).

T

6. Ifanelecron is revelving ma cacular path of radius rwirh
spead v then magnetic field produced ar the centre of cireular

Ho EV

v
=r I| -
B

7.  The line integral of magnetising field “-:l} for any closed

path B= ;

v T

path called magnetometive foree (MMF). IFs 5. L unit is amp.

8. Rateoflduncnsion of ¢t to MMF is equal 1o the dimension
of resistance.

9.  The positive jons are produced in the gap berween the o
dees by the iomisation of the gas. To produce proton,
lydrogen gas is used; while for producing alpha-particles,
helivm gas is used.
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10,

11.

13.

14

16.

Cyelotron frequency is also known as magnetic resonance
frequency.

Cycletron can not accelerate electrons because they have
very small nass,

The energy of a charged particle moving in a uni fonu magnetic
field does pot change because it experiences a force in a
direction, perpendicular to its direction of motion. Due 1o
winch the speed of chargad particle rensuns tnelinnged and
hence it's KLE. remains same.

Magnetic foree does no work when the charged particle is
displaced while electie foree does work m displacig the
charged particle.

Magnetic force is velocity dependent, while clectric force
15 independent of the state of tést or motion of the charzed
particle.

If a particle enters a magnetic Held nomeally 1o the
wiagnetie field. then it starts movine in o cucular ogbat,
The point at which it enters the magnctic ficld lies onthe
circumference. (Most of us confuse it with the cenire of the
orlaf)

Deviation of charged particle in magnetic field @ If a

charged particle {q. m) enters a wfenn womene Held B
(extends upto a length x}) at nght angles with specd v as
shown in figure, The speed of the particle w nageric
field does not change, But it gets devialed i the magnetic
field

C . By
Dreviation m berms of time 1 B = wt = —JI
m

Deviation in terms of length of the mapnetic field ;

. . :
8= 51_:1"[ = ﬁ: . This relation can be used only when 5 < -
W T

Forx=r, the deviationnwall be 180° as hownin the follensing fimee

17.

[fnomagnentc ficld is present, the loop will still open imto a
circle as in its adjacent parts wrrent will be in opposite
dirsction aned epposite cwmrents repel each other.

18.

19.

20,

21.

T e tollowing caseaf wire 201 15 shghtly displaced fromis
equilibriee position, it execates SHAM and it's time penod is

given by T = ,'E.-[JE.
2

f—w
Movable
N i v ¥
- h
TTIL 4 aww
Fised I

In the previows case if directon of cwommet m movable wire
15 reversed then it's mstantaneous acceleration produced is
gt

Electrie foree is an absolute concept winle magene foree is
arelative coucept for an observer.

The namre of force between mwo paraliel charge beans
decided by electric force, as it is domanator. The nanre of
force Berween rwo parallel owrent carrying wires decidad
by miagnetic force.
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T'ﬂ & J,
i ia L+ L]
& L] x x x
ﬂ . - B Ed
= = o=
Fo.=F,only F. . I
= = i
s k4 k4
. conductor AR is placed ransverse o a
22. Ifastaighte of uductor as shovwn then force.
a cwrent ¢ texpe ic
Ex
ferce be by e o 1
tothe
23. The ona ini
sho fizure | th sira
joi perints, It EXprasion F
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