S. Magnetism & Matter

A Greek Pkdosophev Thales hao observed
Hhot a nat occuring orve of ixon ad'!mdtd Small
P:ece& "\f tron wards o This ove was foumd in an
island ¢n Greece cealled Moﬂnes;q Henice +hat ove wob

named Moﬂndﬂ:c-
tism-

The phenomena ob ataction °b small
b-{s ob ivon , Steel , Cobalt, nickel efc. Fowords Hie ore

is called magne-éum The Sthuctural mula of Hals
netural ove “was Fealy - e f

The Chmesc olucove)._eal that a piece of m
When suspended fyvealy, it pomts out vou
the north south clued:ion

® ™hw a natunad moeyg net has
atfractive and chrec{u/c
P¥operihes.

Avti fm-l Maam'!s -

The natural mognt{'s have often LvrcauJaA_

Shape. amdl ‘# are weak founcl that a piece
oj {ron ovr stel' Can acquire magneéu_ propesties on

Tubbimg with a moﬁﬂu": Such nets made out
tron Otgﬂd steel and Called Mh"md mogn.z; o

A bor mognet, a horse shoe
etc. all ane antificial magnets.

T 9 (g <>

magnet magnetic needle



Bar Maanet

It i the most commonly wed form
of an axdificdial magnd which have noith pole ‘ond

When we hold a sheet of glaas over a

shoat beovn net ond SPﬁﬂK\L some Vivon Fili
on the. Sheet +Hhen +he ivon fﬂln s rew +hem-
selves as Ahowm in j«‘aum— The p Yy Su that

attvaction Ju maximum ‘ot the Jwo ends of the. ban
mognek. These ends owt called poles of the magnedt.

Basic properties of Bar Magnet

(L) Every magnet attracts small piece of mognetic subs-
1antes” ke ivon, cobalt, nickel ond steel Fowands it.

() when a magnet i suspended freely with the

gj—o&\-t‘nrqolcﬁo'g\'m i comes do aut along the north

. The pole of +he mo.ﬂnd- which poinds 4owards
geographic moath s called noath pole and the pole
wkiik poinks dowands geographic seuth W4 called south
pe
(2) The Shnkakr Jine_ Pw§n3 -H\rouah Mnoath ond

South pole of mognet s Called axial Line. and
tHae line n -f-h::l:zw cevdre of the

in a curecHon gm; iludan. do the lan of
the mognet & ¢ equadoxial Lme o} Fha
maar‘\&-




lequadosial Line.

|
T A )~ axial Line
| S|

(4) Like poles vepel and unlike poles athmct each

other.
Repulsion ";‘E
p) Rmds'i{n é\z‘:

(s> Imoluctive property

Whe a magnetic material
LiKe  sof# Lvonn P‘CCLKAer}c L

, Micl placed nean a
bon maﬂnvr "4 ccquives mognedism. Tkam netHsm

So acquved s called induced “‘mognetism and” dhia
mewdfj o masm)ﬂm 22 Called ¥ induchive FAoPMU

(¢) The mo.ﬂnch'c. poles adw exist (n peurs .. The
poles of oqru) Can newen be Aeparates) Le. magnetic
monopola do no ists .

-
) ]




Maanetic Field
Tt JA the space. around a ma@ru or a

Cunnend Carhutin Cond Y in which s rno.o-ruﬁc.
effect can b;a Felt-
I orcen o visualise a moagneic field
hically , Fanacl introduced +he Comcept of the
ra\l\gnw'c -f,idd ﬁv&‘é g

Mqane&ic Field Lines-

It 4 an imagin wwe , the tnnam*{:o
which at any Mﬁ@m u&wze olirection of miagnetic

fl'dd B af Huat
by
/<

There are basically Hwo J’jlws of moagmetic field -
i) Uniform Mu‘,neh'c Field -

——— x X x L] . .
Pr— X x x . . -
—D> x x x - - .
O —— x x x . . -
——l x x x . . .
Examples-  Eanthls magnetic Fieldl, Mognetic fied imside
a Solenoid uv\’ua;ng c etc.

Gi) Non- Uniform Magnetic Field -

h’\’\shm
”“k*—f"—; ¢ @

Example - Mogmetic Field due 4o a bas Mogneh




Properties of Magnetic Field Lines

(1) The magnehc field Lined of a magned (or of
a .se\e'no\cl) form closed Contmuouwr lmps

mosndsc el Lintd extendin the body

+he “m /.Sole_nose\ tvmn So pole +o north

(2) Oudsiole +he b ok —Hne. e divecton
of wﬂ@ﬂhc eld  Lines Ja -tmws north pole o
South ™ pole . ]C; P

(3) Th m ‘rucle He fHed af ind
is rze enj"ﬁ b +he m:s_ manz;:y;:;el

Lmus assm oymally Havon unrt ana  around
Hiat f;O'l g J ah

Weak. Magndic Field sheng Nbdnvhc fied
4) Two mognedic field Lnes Cannot iviensect each
othern. Becawsie at +the poind o mtersechon we

+wro directions op, maﬂm.*t'c. ficid eohich da mo
po.:s:blo_

P
P

(S)gm.c feld Liney exists insicle every magnetised




N“"TF\e, electric :Fdd Mnas  conbinuows Cwanes
which are not closed

whtiwah mo.am.ﬁc 1eld
Lirus axe closed ComH:auows el b

Magnetic Dipole -

A netic olipole Comalat of +wo unlke
Pole;q of equal gmna;i‘k end <sepaated by a small
Alstance .

. The olstance betwean +he Furp poles o} a
maﬁv\.bHC. clipole & called the magnetc J.ma*h of
the Mc\aruzin I+ 4 a vector duveclted Foe south
pole 4o novth Ele ob—H\n__ mo\,amh‘c Apole . Tt iy

Magnetic Dipdle Moment (™)

(e 63 avcl The, el A CoET o T mae
ole (M) a
T & vepaented by O 0 CGU B

™M

—_—

M = m (1) mEs fa— Nﬂm

Kk— 24 —

® Mo..ann}‘c lipole moment 4 a vechor Quantity and
uts "~ clivection 4 fom Sowth do north pole of
the maam}-

* ST Unit of M W Jule/Tesha
* ST unit of Pole s‘h’engﬁx m u Am.
Nofe -,

:gm.h'e_ le shen nadure
Cross secHon nrc&o of the wmmeﬂd - o



Magmetic. Dipele Elechric Dipale
M = mx3al P =ax23
I | By ¥i—be g
™y m, m, My
= \ zod
E _ﬁmvﬂu F ey S~
#Ho = 457 wh/pm FRC, = 9x16% nmYe
i m -2 +q
g [ R}—¢ g -
e B €
F=mp ? = ¥
Note -

U)Y ohen we cut a boamaw_:}- alo
in two equal ports theon

+he hngH\
holly -

its pole styengtn  becomes
n
m A - e
(
m m = M =Tx2L
wiaty R R

-—— D N —

“— 2L —
M= mxa2L
Gi) Whan we cud o bon ™ e+ penpendicular Ho its
1 im two equal paxts,than its pole Strength
yemaink +he Same.

—— - i

T =~ "I

m L m - — -— g —
< 2L —> v (PN
M= mxat ik =




Magnetic Field Strength due o Ban Meugnet
™
peint is o
(=3
pol

It Jda a wveetor quantity. The olirecton o{
magnetic field 44 cd.ong which hapoH«uﬁCaJ uni
nov pole wowld tend “io move

St neH ‘edol of am
> 'm.:lnm °fﬁ2“5 rc.i 7,L'exrmémcet:l lg_
:gpoh._hc.:d unit nor# pele placed at th

(A) When a point lies on axjal Line
led 2l be the ma ic len ok a bar magnet
with centre 00 M Ja the moﬁnﬂ:h‘c ougj:mgmuu— o :Q,_
M«qm-
‘ Whehe

[ M= mxaa |

Here oOP= o Jahdo{&'?"ﬂuobﬁupbiwf P on +he
axial memum%%mmaw-

. YI— F o .
s N g ° (A
k2L ——
le d N|
1€ gl
I$' m b e o} each Po‘lo_,-!-km mﬂﬁ& t«'dol
stength ab point P clue 20 S pole of wagneF & -
3’ & A“L m
3 47 (G+0)*
Magnetie fiele] Shength at P <dus to N pole of magnet-
- Me M
Ba = @O

S‘om_Maﬂn&‘t tidd Strength ot P oue do e bas
ma.a-u.f Is - B = Bz_-B|



B> e Mo —.M-?-A_m____
e @H)’ 4 (d4l)*

=" [Fff)‘" o)
’f:%’“[ (d+0°— Ld-l):'—J

It

(=)™
p = Mo m. 5: = Mo ZMQ
N (o AT (A=)
When  Hhe magnet du ghosd (—L‘<< d* ) so -
B = Mo2Md or| B = Mo 2M (Atomg NP )
4 A 4T P

¥ At any point om axial line of a cipsle , megnetic fielol
strength B L alog ™~

(8) When point Lies on equatorial Line

Let here 0P =d amd poind P Llis on equatal
Line ofy the barn magmet-

Maﬂnuh'c Held shegth at P
due Fo North pole o mo.&u-

= Mo _m
S &)

i
|
d
Ma.gnzh Ko shegth ot P :
dus South pole "of mogmed - i
e A = =)
As B, =

B, In m&jmhnll., Sa Huly verhead
Compemc-n.‘}s B, SinP omd R, Sinp Canee each oHaen .

Howewer | Lompeonants along PX add wp-



Wc nlé«ﬁiu#w tv’dd shtnga‘h &t P due do the

mag
B = B, Cotp + B, Co4B
= 2 B \CoAP (oJman)
30 - LMy _m L o
© = " e [C‘”"—J:ma

= Mo M
- 47 (o4 (07

Ibﬂu.mosmi'ia&w (L"<<dl) +Hhen
- M —
o- et o [T R

X An om int en uedonal line maanz}ic_ ielo]
sm«aa»ha JZ'";Y, +he ji'ech'm OPPo&Ht' Jo VM. *'

Nm-M%gneh'c. Feld chie do o Shoat Magnet ak amy poind
on axied Line of mgﬂ-ﬂ twice +the mi e #wpda*
%P{:nbd ot Huol tanie dutmee om hmrd Ling.
o A




Current Loop as a Mecgnehc Dipole
Contiditr. a plane oo wire. cawsging cwaont
fn'af}wﬁdockw?.:e. alivection- TME:_&,J hos @ ;-nd-ﬁ\
P "y..Lroh' at the lwen faca of the loop cwvent
u clockwise | ut hes o’ South polau*a—

"1 Upper faee (N)
Lower face (S)
MWWCMAGA'Y\ Loo bakavuwsa.magu}t, fc
olipole- 5 P
The mcxsnz}\'ceu le. mement +Hhe cwoent Joo
(M) da ob')uc-ﬂg propordional o *b J
M o T
+ My A
so M = KIA (Here k=1)
M= TA

0 s

ST Unid - ampene meter’ ((Am©)

L ampere meder’ -
T+ oa the Mognehc moment of one
twn Josp ofy aea one Squane. meter cmwadnaqcxM

°5 one. ampere .




Torque on a Bar Magaet in a Magnetic field
. E’Mmaatwt W held at andlee with the dlirecHon
Force on morth pole = m B (odu-na )

Fovce. on R0uth pole = mB (°H’°s”¢'h_g)

forces are equal and dends v votade He
clocKmnise .

There
mmgnn)

Torque aoﬁfa on Hae l:aa.magnuis—
Torque (T) = Force x perpendicudas distance

= mMmB X NA
Ny = NA
In A NAS SimP =
NA = 2L sInd

So T = me x 2L 3inb
F: MB S b ] ( M=mxad)
T =




hhen B =1 avmd B =20 +Hawn

% o mandiaey
., Megnddic oliptle moment s the forque acting en a
s R T i e T
ST Unit Ot w = Joule pen Tealg (:TT")

Potential Emney of a Magnetic Dipole in a
Magnehc Fif_lel’v ¥ ~

The eren possexsesl by the Slpeole d‘u.n to J4s
particulan pesifion in -Hu.-b'el«? 9 e potential enongy
ob =Y mcxarmﬁc ch‘po\e_.

When a mognetic lipole ofy momend A os had
at an omgle B LWith Hae divection of @ unmjprm m«anuh‘c
e B “Se Hw moagaitude of e tomque ac.h'r\a on the
= H

le. U4 -
iiess | T = masinp |

This tosque  dend do align +he Upele in
olirecHvn o} *ju. jeld - Womﬁgr do be lone n %na
the olipole’ o inst the action ob the dorque.

Thaa  pore ch,ﬁ:‘ 24 stored in Hhe meagnetic. olipole. 04
petertial enthgy of alipale.

Now, small amount of wok olone in wiati
the oliptle +hrough o small ongle o/9 againit the
wilakg  dovque Us - ;
dw = TdHde = Mg sing d6



Totel wovk dene im roiaﬁry the cliple from B do B is
CLR
W = | MBsined® = Mp[-Cosp ]:‘
Ch {
W = =~ MBLCoAB2~ Cor0y ]

So the potential enthgy of the olipste ia -

AU = W = -Me (CosPa ~ Cosb,)

Whan ©1 =90 omel Ba = 6 +aen -

U=z W =~-MBCsb
Uu =-m28

Special Cases -
()When © = 30 Hen
U =-M8 cos20" = O

when the olipole s perpendicunlan. Fo mognetic Held
sts potentiol ensrgy 4 Zaro. < ¥

01) Whan € = 6 Hhen

U=- MB&Coal = =~ M@
T4 A mmimum. TRA JQ  Hae posren o, steble
equilibrium .
Se  Whon +he e neHe Spde Gy old Y +he
mognedic Fed , abNis i stable equilrium mna
MU P, E.
(i) When © = 80" then

U= —MBCosi1Bs = MA

T+ o maximum- This ds +he  position o) unstable
equalibrium.




Sa|.
Hebee +Hhe 934km beha ver

ar & megaet  whose pole
.s-?cna‘Pn m and Jength W L IZ

So e majndic mement-

e 39&'km dA 03
M = Pele S'hm?*h x LI
M=z mL

'baJWkpjd J-AJ'"\L magrﬂbattde of the equatimal amd
lelds Jo rmgnd' 5¢
at a diz-kmauob 50 cm. s rﬁoél WF? The
megnehe momend ofy Hre magnet 4 o Amt.

Sof. em axial Line +he maﬁm.u-l't_ tl'del )

B, = Ao 2m = Mo 2M
: i '(_di:glt?)’ a3 o> (L)
B = 167 x2x04 = gy x)67T
(os)
on 'e_qkdm-'\cxl M Hae MAonuHL #‘do‘ S

LY = Mo , M - Mo M

® 4n x(d‘u‘) * 4m o> (L¢<d)
By = 167x-04_ - =957 T

(o)



A bar megnit of magnctic momerd s e

les «L‘amd with the direction of & unijorm
Mqam:‘ic f,'dal of ©:22T.

(82 What 4 the amount of work <lome o duwn
the magned so as do a..h‘an ks meﬁnd-ic memend
() Neymal Jo Hae fiedd olirection
(i) On;osH:c, do Hhe fa‘dd durection ?

(B) Whad Ja 4he torque on the ma.a-ru} M Cades
(i) and (i) ?f'l

Sol: Heaoe M z 5 g7t , B= 0227

(@) (i) Here 8:=0 (d.lma the :Fecl)
62 =90 (L 4o the f,'dol)

As W = ~mMp (CosB,- CosBy)
W = —p5x0-22 (Cos 36 ~ Cos ')
= ~6:33 (0-1) T 06-33 7
(if) Here 6yz0 , 6. : 180
W = - LS x020% (CoAlss ~ Cono)
= - 023 (—1—1) = 0:.64 J
(b) Torque T = MBSinG

(t) Henw B = 390
Seo T = I'SX022 Sin90 = 0:.33Nm
(") Heme = 130"

=a T = 1'Sxp22 Sinlds = p




@ A civeuwdan coil of 16 Hunna ond wadliua
16 Cm. i a cwwoant of ©.7S A Yyests
with “is Pplane nexmal jo om  external fied

of m:aam‘h-de. Sx102T. The Col Jud ea

furnn aboudt anm axis in ifs plane perpendicdar

1o +he fiedd dlivecton. when +he <ol da fwmed

Slightly” ond releared, Sb oscillates about s
stable equilibrium with a frequency of 2 5%
Whad wd +Hhe mMomerd DJ' wuha of +he coud
akeuy ks axis oj‘- votation ?

Sol Hese N=16 , r=10¢m =01l m.
I=07 A , BzsxI16°T , vy =2 s
So that M = NTIA = NI 7Tr>
M = 1€ X075 x 24 x(6-1)"
Moz 6-377 ry1t

of Lneatia oj- +Hie coil.

0377 x5 X165

4n*p* Y x (B1uY & 2~

As v = 4 [me whine. T 44 +he moment
:..11.,-;
MB

—.- I -

I = 12 x4 ga,m"-_

@ A wegnete dipole du unden the influence
of tumn moﬂr\dﬂ"c felols. The angle betwean the
:r,.'dgl directons is 60 and ont of the fields

a m itudle. of 12x1c*T. If the olipole
tomes Fo “stable wilibvium ot ‘an amik_ O\LLS—"
with  Haisa  fiedd , :jwd' wd e mani{*ud
other field? o

Sel: Heme @ =60 N
8 = I'2 x;o°* T
©, = IS°, By : co-IS =45




Im equilibrium, forques due Ao dwo fidds
must balance - < T,
MB, Sim @ = m™MB.SINB,

LI 1]

B, = B,;Snb s RIS
sin 6 Sinas*
B, = 2 X0t x 02588
6.707]

4.4 x10"% T




Gauss's Law for Magnutism

According do Goutd's Low v mc‘jnuhsm,
Hhe ned m«ﬂmﬁ -Blux (4’5) through “omy closed

suh.tqu. o admr

Contides Q Small vector ama element ds of

qce . Megnedic Flux thyo Hs ascea element
s clctwm—‘!:l oA J 5 V-?'ﬁ ¢

dds = B.d2

Supmmy over all small aren elements o} the swifce
we obtain accom'rﬂ do Gauss's Law gor mnjnuism_

Po = ig;; =0

* The low implies that +he number o
-b«e\al Linet Jeavina any closed <Sun

:quoul 4o +he nimber of maam.,hc .bdd Jmesem\a

fad thod Dp=0 indicodes Hhod i Simplest
element U3 a  dipole or cwhent

isol col mo.5vw41t pom (c»fﬁa maam_m_ moﬁ?ﬁo»u)m
not Known o exis

S
3 rHysIcs GEEEEEGEENENS




Magrutic Field of Eanth

Siy william  Gilberst wos He fivet Jo suggest
in-:‘kd:_s,ew.. 1¢o0 , thod eonth dsely” o qv\,uaw.
magnat.

A magnet suspended fpom thread ond free
4o votate n wmd e qw o ru-'ﬁ
cdma the north-south SUvechen.
_'Tm@ﬂkmahuag.b% net A placed
o.Pprommojd ol e axis o} vohadion ot ecrcth
ond cdeop 'irp wis hterior. ;

The wnorth ole i imeg moanu}-
muwit be towards 3"’; mpﬁc souhr sm +oVativact
South Po\g o.b +he s@u?meud mo@nd omd  vice- versa,

The n Magneh ! ecnth makes
omgle of lz'mwawv ec_la:o;q;?nqj axis- o
Meosanedic  poles are opproxmadely 2000 Em. A

tnm ‘\'V\taa,wmwic poles. ‘é w*

Rotation axis

Geographic "
norh poe T

Magnetic

north pole Geographic

south pole




Cawe of Eaxths Maoru.ﬁsm

The exact Counes o wm;yhsm wb Mot
Koo Howua. .Somn. m nt Fulades
aﬁm mpefuggwu as -goh.ows- pos

() Eanth's ma may be olue Jo rotation of
eanth alout m.s 43 becawe e»vu'd sul:d'm\u.
Ja madt up ol Charged particles (Pyotons 4 <)

e sulistonce 'rofuhn about omn axis M
m do c:vcu.la:hna c.wau.nts which e responsible.
s
(n) Ty +he oudn lasens earth's atmosphere 3cuea
are in the nom.ual state Y manly en accound o
Cosmic YouA- As easth 'robfn 5+-ruan elechic cuw
Sue db move ment d)wws Thase

ore et bt
Cwirends M'UM magnd'sma :Hru_

(i) The eu:ﬂ\s Co:c Jds extyemely hot omd molten.
Clve uwlodd urtm omd amckd in Hae h

maam.h t\da\

Magnetic Elements of Eanth

e:gnchc_ elemeniS of eanth at a place ane
a,unn*'h which olescribe ~“Completely n Whude
ﬁ‘:;’a;':&_ clivechm +he mtxamhe -bleH o} ot
MoaneHe oxis |-

0 TV\L.CUAAYLL mm{:\‘a +he morth omd
So poles o} a uspend nﬁchansd' ud Callnd
mc\ﬂn,e;hc_ auusb tf 8 ®

Geographic axis :-

The. axis about which eonth
Wiedes 4o Hhe 3mgmph.«¢ AXIS-



(i) Megnetic declination (@)
The small mgle, beturean nthe axis Qno\l

ht is o Ja y A as the <
g?lno}w: :;;u. PI:-(J.P. = d‘v mo'j“*

ROt e
A
\%
Ng ™
ek
) EEmp—— -1= N
’/
59
D
Mosnetdic. Menidian

A vahde plane pam‘ma -Hn-opﬁt\ N-S
Ling of o jrecdy suspended mognet s cdllid Magnehc
Geographic Moriclian

The verdicle plane paxs! -Hn-rou«g‘\
Hie w:ra.pbu'c north South olivechHum 1 coalled %ogmphe
meu dlan.

Hewe m Afigune e represents the magnetc axis omdl ¢'p
Yepresevds Hhe awa»rnpuc axis.

The verticle plane. €DAB Is +he megneHc

ld} 1 $ 8 .
mx ond vertide plore c'odhe Ja the 8eaauf\v¢.

(i) Magnetic Dip or Mogaetic Inclination (5)

, I*Jba(bb‘-ru_al OL the amgle , which Hhe.
Aivechon of total sShen op, eonthi megnedic Aield
makes with a hovizentod “Line “in e rneadian -
. ., At ifjeent placs on Hie swgace o} earth, 8
Aa ffeserd e Wﬂgfg of olip af Fwo “pola 3o
a0’ Yon 4he ie) equedor | Hhe omgle of olip
s za;‘w-SM othen me, the value of & "W
0° an [




() Magnetic Dip or Mogaetic Inclination (8)

L ved] T+ +Jt~)b‘ta.l Il{zol oL Hhe le , w}ﬁii! —H\z_eH
rection o 2ten c M
makes w%bq hovizenta ajrmotth mcc‘ﬂ mw'dicis.:n.

) . At difteent plaas on Hae surface. o} earth,s
o lifpererd - “The cm‘g-fe_ of olip ot’ dwo ‘poles L
30 Ton e mognihe equedor | the omgle of ip
is zajp-am other Pl | the value of & Mes between
0° am o .

Neote -

£ The mcgnbh'c declination B s cletermivud by a
Com negdle; kree o votede in the M»ium‘uﬁplqne
about Hw wverhcle axis,

*  The megnetic <lp angle 8 .us measwad b a}lmin;
the Compass newdle to totate mla M the vwhdi plane
Ob rnOﬂndl‘c merician  abowd hovizorda] axis.

The valug o} mqg-nm‘\'c clup
at a plate Com be wmuasuwieo)
w.'ma' on inshument Codled
‘olip civele'.

(i) Horizomted Compenent (H) -

T+ W the it o) Hhe dotal intens
ecundh's nehic -g‘ im Hhe” hovizontal divech
i magnehc idian®-

wﬁﬁww {vd;:\m'g s? adong Ak Ua resolved indo -hoo

Hovizontal Component onma AR H= B Coss
Verticle Compenent c\Jana AD VvV = BSing



Se B=,ln\+v’-—|
-V
omd tans = X

val havuzantod Com nt (#H) dillevent
at ,ubbmvduplﬁcju porit "D e dipjeren

() At the MagneHc poles (8=190)
UUA++MM¢«5M;HQ equodor (8=0)

-krr\g_vn!w.obuodaphu mmmtamobmﬁh
Ja of the order of 3.2 xi10™° T.
¥ The clivection okwm Horizonta) compomnr H ok

Hae eanth's telol U sa
south o Gooampbuc noy above Hhe u».bqu. obenm\

[&) The vertical compenend of eoaths mognutie

field ot o place i 0463 x4 T Colculate +he

vaqu of horizontal CamPonm# of eanths mywe#u
fied, i angle of dip at that ‘place is ss.

/l Hoe V = o6z xio ' T sy 8= 20

Frowm tan § = _F'V_.
H=_V = 01643 X157
tan g tom 30
- . _v
H = ©:d&fa xio ” o-us XID.I"T

=




The hohizeondal Compcv'tn} of +he eanth's mognidic
c@,ff'da ed a place is J3 Limes Jfn  vertical leud'
¥ Phoe. Find the valusr of the amg lip at that
place. What 3 the vaHo of +he 1zontal
1o the Jotal mW‘c eld +he eonth of that
quc: ? ‘f' Qf
So). Hee H= J3V , whtrne H and V o the
= hoaizondal oand veatical Compovents of eanth's
M&anbhc f{dol-
I} ama,lp_ of oip at thod place B 5, Hwn
e M. = SN = L

tan 8 H ) &

So thed 8= {m'l(%) - X

HoAizental Compenent of eanth's vnpﬂn,d{r. Hed

B

H = RCeos§ (R = eanths M'odm!il. qu)
_;L = CuAS = CoA IL_
3
So ﬂ_ = r_l
R 2

.| The hoaizoninl Compenand- °f eorth's Maanuh'c
st field at a place s B and angle of ::; i 6o
> Whot 44 the value of vertical” componend of eudhs

mnyne,h'c Frele at qudor?

_S/OL- HoMi zonital Comron&vd‘

H = RCAGD = B (};vtn')

R = L= = B
Conte i, = 28

veatical Cpmfoncnf
vV = R Sinéo

= 2@ x 3 z 2 B
>



Seme Important Terms usesl in Megnutism
(i) Magnetic Permeability (M)
T+ U +he C&bl’ﬁaumb a material Yo mrt
Hae po«Ma o-b megme e L Hovce +h~mvﬂ~k aF.
Tee. ov extent :}o which mn&\r_
t‘d" Co--n ogc or pawruwode a material s called
y‘do:h\Ie, m)nc Pumnnbum}f ob Hre modeniol. I
24 vepresented lmd My
Relative Magretic peameobility of a material

The velodive nehe qunablhha o-b
maderiad n»md odro be e m vodio o mMagnedic
ol o) tha mo:hwa) (}4) dnd. magaatic

Pe),mznb'di. t’r& gpaca ( Mo).

Ay = _ﬁ: o My = g.
My has no cimensions. Tis value 44 1 Jov vacuum.
Mo= Um x40°7 Wb A*m*

() Maﬂmflﬁﬂiﬁru. ov Maam.ﬁc Intendity (H)

cl.aj'rce_ o which a m n.l:!'\‘& t\'dd
can magnidise a Vmederial s yepreserd¥d in dems
o} maavwhgna %orcn_ ox mcagna_-hc iniw"‘é (H).

Lede consider a +vwoidal sslenoid with n

hum,suum+lm4+\c N9 o Cwvent I wouwnd
Yound q -n-na o @\ mc amodvuod

The masnd\ Held pmducu:l M dne modenal ia
B = AMnI
The pwdudt NI s Cedd the rna.anun'sina. Joree
or megnedic iMwH-ta, H-

= [Eemm] o [r-%




ida) selenoid | there ua fea
spa ; Han  megnetic -@ud.
o [n-2

Ampore. fwun Jm  (AME)

TRe =T unt of H U2

Gi) Magnetisation Tntensity (1)

The Maanetisah. ‘V\*CX\A‘ :' :
vederial  ub d%:mc‘raM -Hr\:nlr.manl.};:?ﬁ:ré\;t pey W'l":
Wlume o +he madesial.

I = Mogredic mement - M
valume. V.
I = mx2L - m™m I= Bom
Ax2 L Mo

A

Hence e Magnetisation {rdens of a medeue) s also

obub-mol as pole b unt aua 6§ Cross—

secHon of the mederial.

T = Magvedic moment . _Amp . meve: _ Aml
" Volume metre®

Se +the =T umt ob T 4 Awmt

(iv) Magnetic Susceptibility (Xm)
T+ o a po whien Atermine how ma‘l}
a mederial Con' be momehsed .

s Hibh neHe maderial J ;
PP B Tt R R Koy
indutud n the’ matesial to the moﬁnu-isina brm. )
applied on -

Magnetie SuAuP-h'b‘lUJa b repraserted ba Wi
K = F

AS unit o I ond H ame some (AnT')  thagfore (Xm)
hat no unts omd 70 mentiont.



Relation between Magnatic Peameability and
Maﬁnd-l'c Suscephibilidy -
maﬂmhc madenial o placed M a

g "H °of Majnehe Indens H, He malem)
% ol b a3 ty
magrehc >
—
material _—— B >
The Jotal nitic Held B in the mateol
3 the sum o ‘H\ﬁ- agngt dd Bo i1n vacuum pyoduad
::3 +Hhe moagnadic :lb d'maﬂwr)ic. bidc\ Bm , due
agru* sacHom 015 madreriol .
l B = &c‘f Bm I
But Be = MaH By = Mol and B = MH
So MH = MeH + M1
dividing by MsH we get
= b
i = b
s [Mf: 1+X~.I ar Xm = Ify

This L& +he velotion belween the sekedive m«anmha
pe).me_abul'{) ovel  magnedic swsmp.ﬁhbnl:ﬁ} of the



Seme Important terms used in Magnetism

Physical Quantity Symbol | Natuve | Units [Remarks
A M Y\LHC .dv‘ iT:lO“G
m ic %ux t:lw\‘i\é, B Ve | T G->Gauss
Megnehe Tnduetion o
| M n.bh‘t Imrﬂ‘l - =i
M%amji sing fore H | Vector | Am
Magnetisation Ird'ena'ntld T | vector | Aot T- %
|Magnetic  Moment M | veehr | Am*
. Moﬁmﬁc Pev,_mmb';lﬂy M | scolar | Tma?
| Magnetic  Pexmeal I o
otaﬂtfru space © Hg Mo | Scalay [ TmA™ % =167
| Reladive Magnatie fermenbility | My [Scalan | No | Mr =4
M«gnd‘ c Subupﬁblﬁiv Am | Scadar | No | mr=1+Ym




@ A Lm Jeng ivon bar of Cross secHon areq {mm*
(s placed inside a solenoiol. Tk dhe mc\dr\zh's'm Force
ivaide +he Solemoid JA 4x1b” Afm  then Hnda—ﬁw_
Magnetic olipsle moment of the ivon bas -
(Magnetic pernmeability of ivon = 16TUX 16 H/m)

Ansuaer ¢ 1'SE AME



Classification of Magnetic Materials

I
Diamagnetic  Paramagnehic Fermomognetic

(i ) Diamagnetic  Substmnes -

) The , cllamagnetic substaney o those in
which Hae \n&wdumunu/malecwea | tons olo not pssess
any net magnetic mement on theiy own.

wkmddS‘uch Sukstonas  are plaa.dedi-n an 3*3::1

megrehc H 'Huy weekK! maaneh's i a direcd

op;'gs'-te +§1 +he mqgngﬁina «5‘9;‘1[

E"”""‘P'Q" Ardimen 5 Bismuth , Copperx , LO-AP',Q‘&Y“Y-,

Wades , acwuy > HU""’"J""' inert gaiel etc.

Pvoperdies -

(1) When Jla nebe Substantd qre suwipendeal Un
a. uniform m%"f' Set Hhar Fz):naut axis
od vight omgie o Slireckion o -va_fdd-

2 > > s
2 Wf] |

(i) when cllamagnetic swhstanws ast placed in a mon-
uniform meungh‘c jeld |, Hhatre Subctoncet have a

4endeney o “move stonger potts the gield o
the wezhrx P . 3 ob

arts
CINED Nedi
2B [ 77778y
[ZH) ®)




Gii) l\)lum o pece °b cliameg b modeniod  ua

=1 1 a 1] i ru.JHL
1ore ,,,:;a S Bt . el 5

T+ ) e Had the n.u‘vc ield Lnea aac
aﬁlh.a\ M?Pﬁz -b-dd Mmma matdial S reduted

FEES -] ==

3
Uv?Su&l'):t\luie Mﬂw?h\nﬁo Jess ‘H’\ﬂf’lu un tjd‘amaﬂmc
Mr = _%-° as B < Bo
e
w) As Mr = 1+ Xnm

omd  Mr< | 2o Am & maabve
Henee Suaceptibily o ocliamegnehc materiad has a Smald
"Ladxvc quP 7 b ™J

i) s bl olia ies cloes rot ch 1+h
vi j‘;:czpi-p H‘& ok moﬁtwh ange wr

Explanation of Diamagnutism -

In a ockamagnete substance the moHon of
ol Hhe elechons W an adom 4 ostumed o Fhe
ma+i9v\ of two elechons revolvm With Seme nnoulnm
vdoutj in a dvedoo ovbit oj Serme. mal.:u,
in oH;cni{e 2enae.




I +he absence oj any externo) m fe
:f-.‘dal e mo\nfr\.n.h‘c_ mMorendt o\? two elechons b‘qr\g
Qﬂu.nd and o,pPos;{L omd Comcal each abui exvery
atom |, Se thot net mc«an.d—ic ‘momend of each ajom
i3 zevo.

When a uniform m e fl‘dcl B be aPPJA'cd
ﬁfmn each electron experiences a m ic Loremd=z
ce F = eve . According Jo Fleming's lLefd
Aand rule, the Loventz Vi F acts mm f:ﬁws
on the elechon rewlving ™ anti-clockanise. Tt/ tends
do decyease the centripetal foce. and hente decrease
the Vdodiy OJ- electron do (V- aV). As a
vesuld, the magnehc moment of electron olecrzares
Ho (M- a™). _
@+ am)

(T3a7)

(M- a™)

On the electyon vewmolving clockurse, the Loventz

ce octs mdially nwards 'fzidiny do increate the
centvipetal force’ and hence e Yelocity of electm
H (V' + AT) Thorefore, the mognee moment o
edechon increases Fo (A1 + a™).



The vccfof adelition of thete Juwo m nedic
momends ived vse Jv a net clipde nma 1 momant

2AM , olivected upwarol ie. opposite fo  external
»f—v'tH 7.

The net m0-3m.:h¢-_ moment  2.AM So oluulopeal
b callad  induced moﬁm.hc movnent .

omert imduced atoms aolol
?bmvz Q m&zﬁm ofﬁ:_mafwd;u‘g

divection oP 4o B, TR accounts for the
al,iamaﬂ-ndv be.kqv:awa, of m 2

* The eppearence of inoluced! neHe moment In
adoms Us net affectesl by the Heamal mobiom
of afoms, thue fore. ag':whc_ sm:;.f.:hlah%y of

i?h%e.mm oloes ot olepends Aemparature




G0) Paramagnetic Substarnces

Rugr:;;:nh'c Substancer  axe +hose i which
each individual | molecule ) ion has o rud nen- zexo
maognedic meoment ob ud= owomn-

whan  Such  substomces are placed im an

::\:’Lu :!q.ijrt”c‘hoﬂ ‘:b t‘4;1/‘4‘::2\. mgm?:flna %}iﬁ YYW‘-&“’J‘K"' L

Examples - Alumimium , <homum, ma ey Lithium
Plodium | Tungsten, Soclum, e

Properties -
() when a paramagnetic  substane U3 Suspendeol
M a unifoym nefic, ~b‘dn|, rtate so ar o

q]ona durechon 0'6 Hhe ﬁdc‘-

-
Zle=={ -}

(i) when e para ic madenals ane placd in
a noen- Unkorm Weu 'HAAa +und J-’;movr_twm
wWeakey paxts ob. th do the Ushonger paris.

Cli dmﬁu +had m/.,a:rngl\ulc substanets gt m_cu:l?

.
Z
@) (b

(1) when a piece o a _Parmmgm,h'c substance 4
placed in a magned -:Em‘tw!dl e magnedic Held Lng
P(%e/\ do pass %roua#\ piece  vathes™ Hhomn mkak
aiv¥

Thud magnetic ield B jvaide Hhe piece i3 move Han
Hhe magnehic Yjield outsiole He piece. B 7 B

bﬁn& Y Iona axjs




=}

Gv) Relative
Substanee G E
As My =

-
T+ meant paxam e suhbstances have a
Ao puld In rm«g;\u\awdd Lines wohon placsd W
Mnﬁﬂvhsma *i o .
) As My = 1+ Xm and My 71t
turgpe X must be pesitive.
Hente Suscepdibility of porn i substonce 4»
postive with szdu Eafm W

(V'.) Sugupill’\m ob Pmmasn,uﬁ(_ cubstances varis

permeability of pusmagnetic

nehc
s more “Ham lmlba
—%; omesl B2 Bp

invu..selg ob Hhe substance -
0 Km
Xm X =
T+ peans Joose Hagir
mogm.:h‘c_ chartheter wrth vise
in trmperadune.-




Explanation of paramegnchsm -

In panamas netic materials , every ahm s
Some  peamoanent Mcug'n.uhc. cl.l. dle. moment-> Tv, he
absence of cx{-e)w\q,l maa ¢ feld , the Odbmmoupdu
are  vandoml So Hiat aversge m
moment pu. umt v‘olwnc of the matenal i Vzaro.
Therefore Q.  parama ‘e maderial ooes net behave as

f‘d:l\o.jnd m the ence of an external mo.druzﬂwc

CXSAORO) ©660
©90 Q@ 00606 "
CCEERS CEEEEEE

H =o T-T

Whar on external mr—\anbhc fﬁdcl oY ap]nb«:l
a4 Fvies Jo +Hhe atomic maﬂm.)-!c oupo\..  Hhe

divection - gﬂfldd Thot id why the material
ad seo) wm.klj in the olirechon of +he field.

Thas M_nmoﬂrm;,sm

K When e vase tHae Jf‘empvn_o.m o}, +a ‘materal,
+he odomic ma.ﬂv\a;hc a&poleA chuurea sSome Kindhe

e Y Thia Fend 2o d&ﬁ%’ﬂ!r& +he. o(4’>olez! Thod
Bow maﬂvwhc suAu.Phbul of the qumoﬁrwhc
peraturt .

madenials decremses with rite m Aem

@il ) Ferromagnetic Suhstomces

Fenomagnuvc Subctances axe those im whith
each individual odtm/ molecule [ ion has a “nﬁn Zero
memerd | ai Q Mmrxwhc Substancd.
) R hen S'uloh :J%hs‘krelcu p/aud ‘5 an:j:')ed
extenn mag nehisin ston m s
toe Hix; et ?,5*1 Ty 3 Stry e

Examples -  Ivom , CobaJi' Nickd anodl a humbes of
+heir ai.lo?




Properties -
U ) TF\% dsed the livech: o
evternal tvekl in Z’Jumaﬂﬁia “ane ';:laczd sk

(i) h fend E.) WA :3:

n TF;:& avcﬂihs{vwgd emy na;:o e h'm'Z
t‘le’dv Hencz -ﬂw,y ?d shm;ly raarecf

@i ) Qda:&v 0«31’\.&\ Wl e
mades . 1:‘ versy lm.ag ﬁ:w.’ajn.o§ fuum ‘jnd‘c

(VPN Bl oda
Dong. g e 3 il Fi; fm"”ﬂm g g
1y afnol Sh-u-naal?

m = MUy — 1 xXm = '&h,al_ POX!;HY! Value

(v) with rise in demperoture .smpbb»htx E ‘t‘m‘

magnehce madervials  decveases.

maﬁm;h(_s C € oven para trnsn,t}us
jl tansihon Aempecdwie caul.ol cwde +cmpuostuu

Fov example , curie temperatwne ok ron is about 1oook.

(vi) Whevy @ piece o mgmﬁc substance U4
placed  in a magneh ;EL«g»aA e magmedic field L
P'ebv‘ do pass -Phrmarh piece  vathr” Hhom mkak

sl
7Y - PRl

Explanation :-

Each almn of $cnomegm:hc substanee Ja a Hiny
megrutic clipsle havi permanent clipole moment .

In fexvomagnetic Subs-hnuA atoms m a
1<m3e numBer sma,U. eﬂcthvc ye onA ‘Called alm\:ém.
Each domgu‘v\ WA a mogvudt ut any external



nspite oy +ia, qi—;}m agnutic Swbstomce
Aoes not have bitawse N Hhe
absenee o {x vmod magmi-'c_ iekd  Hae my
memerds o ezent domains yandemly o tr\:kn‘
So thodt 'H\u( esultont magnehic mement in omy.

direchom Ua zexo.

When an extern ol m:ivs\i*c, -bu.lo\ NV

ied om +he Jeno LY onee o 23
ps Labr g Ao ¥ i e
ALY % .
- —_— > = = :
fo s Ly 1% e e
B=0 s
The obmains stants Jdo wotate Hll v
ma.dm_:hc mamzrds a».,( ol W the ol,«fec_hm ok

Fel wnd esl 1o
a. sm %}rg clomm-n. Msed 8 mgtdum
o} -Hu. o.sz #dd 3y ™
Sojt Ferromagnets :-

When exk)mw! maﬁr\u\c ‘eld Uy vempred.,

magnetisaHon cdappeans N “some ct -Hf\n_ materiols
LEL soft tvon.  Thuse madnvials calludl  soft
tcmm nedt -

Havd Fr.*rwmo.em#s Y

In materiodt Jike Alnico L_Qn Q.u.od ob—
ivon | eduminium, nickdd, Cobodt omd cop
mogh' 7 sedhion pw»ﬁs even Yelmovod ot
ex megnah b-u-H Such medeuals are Colled
hard -bemmo.arwhs

* Whop  Jenomegnetic materials s heated, wie

sahien oclecveases vaduall Th ubecw
w aun s-hc'{f @M 'twnw\ Hse n -ler?\peﬁfh




Am , My and M ob Maav\.&'nc Substantes

substance KXm My M
1] Diamagmetic [ -L £ Xm <0 | 6& My <) M < Mo
o | pasamagnihic | o < xXm <L | L<ur <) M > Lo
3. F&mmaam&t Xm >> 1 My >> 1 M S>> Mo

* Hene 8 w4 a Small posibive vumber.

&) A magnehc feld of jeoo Ami ues @ magaehic
d;b 2:4 X10°° mtjn.ruig o.bqn.:l irunm’j S s;J
ecHm 62 om>. Calculate peameabili susaphbili

o +he bak. *V i

Sol. Hexe H= l6oo Amt ¢ = 2.4 x10S wb

a =z 02 tm* = oz x)5Y m?

So B = ¢ = 2_""’”"-S = 1.2 Nc.bex?m"-—
a 02 x o7V

B

=]

=k - g5 xweYeTatm.
léco

As M= Mo(!"‘x‘m)

e Am = M -
Mo

Xy = L:SXLTT
4n o7

Am = 5B9g.4



Curie Law in Magnetism :-
C*’\S'"‘j o) moﬁrujis:xﬁm (I) o & magnetic
omd

mml'w
(i) olivectly proportioned do megnetic fled (),
(L) Trwersel propohﬁmcd do +he Aemperodure. (T)
ob C e

T & B ornd

CJ‘rnH’n‘l'f\a +Hhene tqdws we. a,d,
28

Id B
=

1
'Ia(—.—r-

Also B o H
So majnuisa:ﬁm Tw}em‘.-lv T «
i L
oY 5 X +
= %m

H
e

%n=%

T
bt
) LT or
Hert C dA a constond codled cukie eonstamd.
* Thus Q pmmagnmc majerial both Xm omd
My JJ.,I:LS not -hu. maderial | but also
en +the Sample  dem
Y,
* At v Wm, I
the magfehsodion | apprachth
s maximum value | when t
aly lc ocupole moments
R e R W
sahom
i °| — Hjy




The aavm J‘-va,wu_ shows Hae vasiaton of intensiby

e of magnetlisakion versus the appli mognetic fiekd

el iv\}m;g; H for Hwe magna.-h't_ madeaials A and B.
I 8

H

(o> I-lhd‘ijj the makriols A and ©B.

(6] Why odlots +he matenia]l 8 have a
Su&a‘rhhﬁ{ than A, for a av'vcn feld at
Covstant ZTemperodurne” ?

BL(-) The slope of I-H Cwwe 3""“ rrv\am-a‘w'c-
&Mccp}ib’-ﬁ"‘j

Modeual A ia Faﬁgam?nzﬁ'c Substarce because
X 46 Small bud Fosi-ﬁva.

Moderiol B 4s Fervom . Suwhstance because
Xm A4 losge and posiive .
(b) TRe Suuaca.pﬁbib'ﬁ of meadenial B A4 Largen
than A at given mognefic fiddd because Fevromog-
netic material gets shom ly mognetised and hence
produces L"""'ﬂ”" 'm.}evus"tj of Mmegnetisation m Co-:»P—
arisow Pmmagnuh'c substance , Hhere fore U A

5‘bm«r-.3,lj moﬂnzﬁteal.

Wy cloes a paramagnetic  substance cliaplay
CBSE ] . TPy
e’ 3r<pdv._ mm’Jmﬂ«zahon for the some mognedizing

ield when “Cosled? How oloes ouun?cdk Substance

Pond do similan fcmfam d\qnae 2

S}'\- Since .jlv\iem"ttan of maﬂfuj-izod-ﬁon of povea-
moandlc_ Substance. vamies as -
I =X ( cwie law)




Smallea. the Ztemperature at a Fzin
fv'dd H, Hi;ku. the /'rvftnéi'[y majnLHZah'on

TRe swaceptibility of olamognetc substance
Mdepcnatmi‘ of f}.mpu;whw and. Maﬁm‘ﬁzmg_ Field.

The ve,n Wu. shows Hhe varjotiom af intendi

55 of uu"on versd the applied mo\ﬂru:hc Fel
wdenug fw fwo  mageutic. maferials andd B.

A

-1 [}
(o) Telentify Ha mateaiol A omd B,
(B) Dww +he VMM af suscephibility (Xm) writh
{empmh.u. Aor
Sol-
(o) Matvua) A s pwmm nete Substance becauses
Xn, 44 bsmall Fo:%
Material © s Dmm«aru.hc Substance becawne.
X A4 Amall bt mﬂq,hv&
b)) The .SuAc...fd-'vb':J-Ny ob- Diamegutc substonce 1s
melependant of Fimperahun ame magnutizing fielel.
Xom T
) ——
Temperodune (T)

Constard

D:'W‘:



Hystevesis Curve

The ludzyhzru.\’s e(‘;w‘éui ;rcpmsu\:}s Hre veladiom
bettoean neH icd ey I
modeuial i magechising fuacs (A8, & 3T

s'vnﬁ tokc—e(
Bt a ‘
b magnehc
4 ‘_ mq}o\ic\)
|
3 = 1 I
d
S \ N ‘sed inrhal
Lol af::pt;se Hhe mederiod w» unmogne's m-hq\\,

omd H=0. TWa Stale Wb vepreserced
ba—Hrv.on’ain LR

New we plate +Hhe material <ol 1
omd imcreade ﬂ\i cuweent thwo w-‘H\c:‘_ s?:l:rnxg-‘:
a-mduodl:.’. The maswuﬁs.na *wu_ H increoses,

The, megnetic fiels] increater omol Sadurades

ar shown 1n Cwwe 0q. Thia behavious
represents Ia,h&nmm)‘ ot the demain o mu
maderial until” Mo mcreate i B s> Possibles

i . ; X ook
sdenoi‘érmmc;d mr%nt:ﬂf_c obm‘?::\ﬁ‘?ge b%m(:\o\% -%

Now e decveare  the  solenoid cuwsent ond

hence refic intentity H Hl o veducr +v zaxos

Bar 05 A Do S8l s 0wy
= - ome

Rt iee B & ek

The value e feld le in He
matexiod  whemn —!—ko.ct mt«ng'zxﬂtc;-mg\&& H) Ja
reduced to zevo JA  ealMid | 561'2:\:&&3 Residual
magruﬁsm o0} the materal-



Next | the cusseend im ‘H'\L.solenmal \M
vevenseod oemd increared  alowl Cesctaln

pped  unti]l the net mag er‘c do\tm»d;_

e
& veduces 4o zex0 « Thia ws representes By
dhae e bl

T+ peant do veduce +Hie vesiduad
nbhsm or | yRAenAvi 4o =zeyo [ we have 1o

?f'ﬁ nv.:hsmg -t: or neHe wdm.{y
b ﬂmsqw ot im opposi o%u:ic)nm
vajue o VICe is\n Yee a4 calle Coerclivi
ob +he k\«iﬂhﬂj : a 5'3 t!
e‘gs e Y-eA{t)zAQ cwssent ' 3oleho1¢éru4
creas 24 we once aun o
'sr:nibuta.hun||ﬂ Wm&kc ourezi-uo-naa ncl %
Vaduodaom WA vepreiendeo by the cwwe cd.
Next +he Solenmne Cwount is veduced
cwwe (Se) » yeverred, omd Incyeased € Cwwe ea)

The cycle  vepats wdsely:
Thas ot b clear ot wohen a pleOL

nhe madvaod Ja token Havo d:bo
isedhon 4 :n#enzn-hd o} mag zouhm T

vfoaru; W ‘5""""‘ (&) Loﬁ behinal +he m@"""‘?‘?

Thhe he Menod. ° o
behind H Sw a speZwLué Laﬁ%.mzn nzhci:dwa)
o SubJeded o« c,d.de, o} moﬂmﬁsa oy wh Calleo|

hysteresis -

X e com G_%o‘} I-H Lleop in +he same as
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Q1. When a bar magnet is placed at 90° to a
uniform magnetic field, it is acted upon by
a couple which is maximum. For the couple
to be half of the maximum value, at what
angle should the magnet be inclined to the
magnetic field (B) ?

Sol: We know that, t =MB sino

If 6=90°then t_, =MB ... %))
lxg_a&=1vmsine ..... 2)

From equations (1) and (2)
= 5o Or sine=1 or 0=30°

Q2. A bar magnet of magnetic moment M , is
suspended by a wire in a magnetic field.
The upper end of thewire is rotated through
180° then the magnet rotated through 45°.
Under similar conditions another magnet of
magnetic moment M, is rotated through 30°.
Then find the ratio of M, & M, .
Sol: C(a - g)= MBsing
For first magnet, C(180—-45) = M,Bsin45° --——(1)
For second magnet, C(180—30) = M,Bsin30° --—(2)
Diving equation (1) by equation (2)

135_M, 5 M, 9
—_——=—Xa2 = =
150 M, M, 102




09.3. A compass needle of magnetic moment
60A-m?, pointing towards geographical
north at a certain place where the horizontal
component of earth’s magnetic field is
40 wb/m? experiences a torque of
1.2x103 Nm. Find the declination at that
place.

Sol. If 6 is the declination of the place, then the torque
actingon theneedleis t =M By, sin®

T
M By
12x107 1

60x40x107° 2

=> sinO=

0= 30°

©.4. A bar magnet has a magnetic moment 2.5
J T ! and is placed in a magnetic field of 0.2
T. Calculate the work done in turning the
magnet from parallel to antiparallel position
relative to field direction.

Sol. Work done in changing the orientation of a dipole
of moment M in a field B from positiong,fo g, is

givenby W = MB(cosq,- cosq,)
Here, g, = 0° and g, = 180°
So, W= 2MB= 2%x25%x02=1J
0.5. The permeability of substance is 6.28%10~*

wb/A-m. Find its relative permeability
and susceptibility ?
u _ 628x107*

o =— = —— = 500
Sol Hy Mo Arx1077



Q.6. The magnetic moment of a magnet of mass
75 gm is 9<1077 A-m? If the density of the
material of magnet is 7.5%10° kg m=3, then

find intensity of magnetisation is
M mass(m)
- Pa— T
Sol. 1 > Where volume, density ()

-7 3
=M><p =9x10 x7.5%x10 —0.094/m

m 75%x107°

0.7. A magnetic field strength (H) 3x10°Am™!
produces a magnetic field of induction (B)
of 12nT in an iron rod. Find the relative

permeability of iron ?

Sol. e, S
=" 30



