NIt _ p"’ib:m@

MAGNETO STAT1CS ~ L

Biot - Savay t's Ekazﬁ“d ks OPP‘;CaL iong ¢ Static mo\z]neifi(. -F—imd §- |

Biolt - Savart's Law - Masneh‘c-rﬁeld imtensity (MFT) - MFT Auwe to
a st\cﬁght Curvent Carrying —ﬁ\qment -MFT due to Circula¥,

govucvre and Solenoid Current CaYYUrnj whiYe - Rehb'an liatruiasen

magneric flux, magnekic APlux demsity ovd MPI-Maxwell's eqpation

Ampere’s Civeuttal law and its opplications ¢ MFT dueto an

finite Sheek of Cuvvent and o mong Cuivemt Car“ﬂd}m\:] Fflameﬂt-
point form of Mpem‘g civeuital law ~ Moxwell's eqprodion.
Fletd due to Q Civealay Q.ooP, Yectomgu(ar omd chuano_ QooPS-

—

Totvoduction:

5 Upkill now Stodric eleckroc fields ame Qliscucse & e electo ctatic

Dield exists due to the Stakic dqarﬁes y e C,lqavaas ave ot Yegk .

> The maﬁne):ic. +field exisks due £o per™Mamenent mag,net,
whickh 15 a "Maktuval Wlaa'ne;b.

Buk thexve 18 @ Link abtemt bjw electvic fieldl amd
.maanetic—f—{e\d Aue bo ~nakural moﬂm’{:'

- A deﬁﬂ;{m Q:nk betweeoy eElecric and magnekic —Fn‘elds was
established bd Oersted i 1820. AS we howe ﬂobﬁcéd
/

an elecvostatic field s P*roduced ba Static orStaHov\gyU

chaveges . T the c)aaraeg ave 'rnoving with  Conctant Velocity

a Static MMagmebic <0" mMagneto Stabic ) Fierd Qs PYodu,p,ed.

- A'maﬂnex—os{—aﬁc_—f—{eld i< PToduted b(tja Constant Cuvrrent

£low (or Auveck Currev\!,—).
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-> "’\(lgne( o statics deals with ""V'&’]Y"'“(' '{‘"l'l(’{ P)L»(imul by

> ?y Qyyym Con {u(t.mr' .
Cuvyenlt C d; 3 ¢

iy The Sl,u(h\’ n[’ S-lvz'n(lu W)q\(jw’ti( 'r\'v (ck 3 e K_u'sh'n? 'm OS'M‘M

Space Daoduu‘({ e to the 'r"“l“ (."F" clivect Cuyvyeut ‘U’ﬂouﬂh

a Concluctoy 18 called " Magnc.tusvtat{cs“

apr—

- A St maSne,H(, '(z'i(’,,ld Cawn be P\’Dd,ucgd -F-VOW\ a

peymanent ma\t]“et‘ oy QA C‘**’Y&Vi"f___c_‘_‘,_“{]_"f}() Cmnd,uu:o:

e — N e

Ma.ﬁr\ojric [ ines of —flofcg

'\ Closed paty -

Fia: Pe-rma/new\b magnet omd
Mog nettc lineg of force.

An Tso bted maﬁnu:i(, Pola Cam Mot exist -

- The ma.jn&fc Jines op -{‘—DYC& ave also called maane}:ic 9~ine£ of-
,@\qx oY maa-ﬂeb‘c F‘\—(ﬁ Q}ne&-

= Huence every maﬂnd:fc Flux Line Starting from North pole
must end ot South pole awd. Complebe +re pods Axom
Couth to North internal o the magnet

The magnets‘c Alux Lines exict in-the "FUYW‘ ot cJoted anp-

— Mﬁnw‘c%‘md: The wegion avound o Magnek with in wohiCh
the influence 6f the maav,\et can be e&pariencad 1S Called
mOﬂneAn‘c fHeld -
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’ nl Ch
Cur veut waﬂ ing Knl r’g?@

Conductor o

(b) Cotrvent CUW\I'VIB out- of-
@) Cusment 8otn8 into the the plane op paper
plane of paper

- Whem o s{dralﬂhb Conduuckor Cavyies Q@ dmmd-CuNM e
Pwm; a Maaﬂdrlc -F—aeld ovound it in the ol%fm O‘F

Concenkvic Circles -

= ) — Cross indicabes thak the Cutrent cuiveckion is going

into the p‘owxa a.f- the paper awaa —me the Obsey veyr.

(5) — dot indicates that the Curvent Adivection i § Coming
out o} tne p\am@, of the paper Com;‘nﬂ ‘towards -Ehe

Obsex vayr-

- (P-‘ﬂht Homd Thumb Rule i used to determine the divection
of —F{eld avound. O Curvremt Cﬂ'rndl‘vf\g Comductor . |
Thuvb — Po‘mtl‘na the divection O~F @l Curxvent .

the divecHon of ‘maﬁneb‘c Qe 2f

Cuvled {“nﬂm = pointing
Alux avound the Conductor.
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Masnohb ~{‘—|ux df“‘"h,f (B)

' ~unit avea 18 Cadleck '™ netic {- (ux
The Mcﬁmh(‘.-{i\ux pey unit avea i Callect G{J ) (

de,v\Si{"Ld Cfg) .

- —Tr’;e W\agnt’,ﬁc 'F‘\_n( ‘EVW:MSI’\ CW\J SUY—(’-QCQ V¢ “the Stl‘fff\a(e_
iﬂkeﬂmt of the wormal Compovent of B .
®= ..-————d'(b Wb/m> or Tesla.
da
du{v B da-

b = ﬂgda

Maﬂv\ebo motive eForC@ (M-M-F)

MMF 3 s p'mduqa_d whem o electvic Curvent .Flgwg ’thmujh

Qa CO\\ O'P" Ceve yal +urns . TWC.— MM d&P&Vld.g 6om ’the C,L.U’fVEMl:_

cwd, the MUmber o{l{:—uvv\s-

M M.F = NT Mpm Tuvng -

Maav\ebic_ Fetd Twkensity (F) Cox)
Magunetic freld Stvengbh

Maﬂnekic,ff-'@ld\ inbe,nsx-[:'ﬂ oi—aM&d Poin-t T the maﬁne)c—fc. -F-\‘e(d

'S de-‘}ine-d oS the —FDYCe expex?&mced bld YHre Uit morth pole

of oOve webeY Stveny
(0Y)
MET 1S de.fﬂ'ned as e Yako o—{l MM FE o Meter gﬂ/\jﬁq

th , when Pplaced ok thaks posnt

H =

— ————

Q_Ll/\ﬂb‘h 9\

U—."_\i_b__f._'__ NE wl.mh/webEY oY 'A'MP@\Tum/M ohor oY MPW/M%&Y

MmoF NT
MM = N ™
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KM Chavy )
(2

e luctance Reluct-conce 18 the oppnc\'t-itm to the establithment

O-(" masnp{ri(_ Flux and Canbe dm{‘—\he!{ as the vatio "f’ MM

v M- F NT
TReluctamce K = :.__-——+-—- o i— A'r/w(,
Magactit {luax 4

4o the flux P\’Ddu(e({‘

- Theve ave +two waior Q\awc Sovprninj maﬂnétbsf:ah‘c 'f““e‘ld_r‘.
() Riok-savarts taw amd (2) A\vmpev'e ‘¢ Civeuat law

5 Like Coulomb's law, Biot-Savart's law it the domm( law of
Madneﬂsosfab‘u :

o Jwrt as Gau's law is o }'Pea‘a.l Cage of Coulomb law ,
Ampeme's b= ic. a Special Case of Biot - Savarts lowo

amd e,a;:l:j applied R walems ‘mvo\vfnj Kamw_bn‘(:ai Current

Aictribution -
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RTOT - SAVART's LAW

5 Rist - Savart's 1ow Stobet that the differentiol magnetic:

Pred intensity dit produced aba point P, by the differenbiol
(<) \

Cuvyrent element Tdl s pe

o to the Produud: Tdl ond the Sine of the

e elewment and the Line Jofnb'\j P

(',) onpo“( Bon
anﬁ\& o bekweon th

+p the element oand GE) ?nvmrsdj vaopo*rh‘omL{ +o the

Sqpuave ofthe distawce R between P and the aloment.

£ Currest Carrying
Ccnd..u,f,bvr '

ax

AR (mwond) .

Fig:  Magnetic fieid dif or p due o
Cusaent doment TdlL.

Al — Differewtial lewgth

TAL — Differemtial Cunhend € ot

d.l-? - DRF-P—WAHCUL Wlaﬁne!.—ic -F—reld ;H{:evtS?(:E’
R = Distance bewewnm P amd the element:

oL = AV\ale. bjfw the element omd Bre Qine Jo;'n@h\ﬂ
P to the element:

UR =  Unit Vederr Qivected eflwm element to P

4
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Kol Chthnj

Mathemabicatl Re ()WBEML‘CLL‘"TDY)

[ NI

- Tdl Sind
dH ol e
p*
d—ﬁ _ KTdL Sind
R'J.-
theve K = Co-nSL—aM’b o.P Pmpof‘t‘fmaﬂj(zy

!
L7

|

-—

aa = IdQ_ SindK
b RY

TdL x GE

2-

UTNR

—

dLT'\—T = TAL X R L ' —C(R = .-8—'
IR

uy ARS

Al

+Hhe Y?‘Shf - hamd

5  “The divettion of Adh Coam be determined bcd

Yule with the ight —hand thumb poinking Hre diveckion’ of
e Ccurvent Md X iﬁhb ~hemd. Curled -F—w‘nﬂers cvxo'rco..‘ﬂa e

wive 1n the Aivection o A H .

e o 1 4 C,ust'amaru +o Yapmsem(: the C{ived:fovl o.P mcﬁwetfc ]Q"e(d
;n’c-e/vtsﬂ_—y ;} (or C,wucwc—l_) bd a Small Circle with a dot or

—

Cyoss fign d.e/PGMdr‘ﬂj o whethey H or(OrT) i& out of page,

-2

or mmto it Ye.speobfvelj ;
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\

'h__é T« Ug é TdL x 2

UrR™ 4 wR3
— MEdO_)(LTp_ _ M TAL X R
= — — ;
ty AR lp TR
Difpereat Current Aicbribugons - T Vol Gurnante Amﬁb

[A/m’*

K = Surface Cunhek )

J.dv:

{ dewsity (Afm)

@) ()

“The Source elemewts ane velaked af
T4l = Kds = T av
“Thus intevms of distvibured Cussonr Sourcer , Te Biot -Sawarts law

H, = TdL KEQ
Umnp*>

(L'ne_ Cuvrv&mt-)

L

H o= [ Kds x EJ_-R (gurfa(p_ Cmm)

2
i xR

= f Jdv % U ( Voluwe thneur)
v rR™

twheve HR 1S a Unit Vector point‘in_c] —Pvum C{l{L-waal efemm o_P
Curvent to the point of intevest-
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ket Crany™ |

E xamplc( X

M) Fiad I-\l‘enSil‘J H ot the Ceutye of

e ————

e

Civeular wive CGYYSMS Curvent T

=

W

5 The frad irteasty ok O s givm by H = $ d
wheve dH 1< the —Féld mtensity ax O Qe to amy Cromeut

lement Tdl.

ACCoch'na o Biob-Sovart's - auw

Jff = .- Tk Sloga -t [ oL:qc:bJ
YUma™ Y26
— -— N\
AH = _J;ijl_ K.
yna*

H = #dﬁ = é LS
Ur~a*
- Field it divecked perpendictlan tothe XY -plane.
e, OJOWj Z-axis
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- K._~- @A)
)f:fa)*’w
If_\' e ,._:_c__— X
Ao

(2—) Fieid 'l_nfmsihj ot a looMt‘ rP' due to a

Q%faiﬂhl: Conduwtkor Carvaiﬂg a Ccuvvemt , T

e

Y
4\
P
.0
o
/ |
)
i h
,‘ T
i —>
| -} _3
] ! <
\ (
Ll— > |
L —

Td+

L ex rP. be any Po‘m{- distaut h' —f—-rum e S%might Conductoy

-

in Xy-plane -
S Ler us tare the Conduckor to be alomg e X—axi¢ from O
Qu«ﬂlﬂq of- the Conductor , L -

—  (oncider Quy Curvemt elemment ”Idm‘. at a df&famc; e —Fwom 0

amd let its distauce to & p be ¥ !
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grca
ACCofdl‘rﬂ to Biot-Savart ¢ law,

N T Eind d
= K — | —— a*
HP R J ;i
From the duadm,m
tavng - ,__b.-—— Sing = _5...—
L= M
o
|- = Coseco = 43
= Cote = '

R ) [

2 Lt h oo

_dix = —hcosec'd do

(A = nwe’s 49

Subsbitilbe dx g vy In the above equadion

~ A
HP pest K _.:-]-:—-—-—- ) -ije . )/\CUJ -&'d@'
U
h%ecrréffa
A = f Sine - Ao
- -
Uzrh
8 for %=L
s B ~ (080
= E —= [ € ]6 —For Y.=0
urh
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p
A
:
|

J h S
g / >
H'P: K _ - —-COS(?T-&,)‘?‘CDSO("] /ﬂd‘ LA
Grch 4 éﬁﬁ#
—s T

~
K = cosa(,+aos«z§]

He= * o
_,_,..,——-———-"“_’/T\
Hp = = Leosy + Cosdy] M

URh

NoTE: For  tofinite Lwa Stvaight Conductor Carvying Cooment T,

the field intensity at p e 3t‘vm by

b i A [_ ’o(i—': 0(,/'—'0]
HF = _— _ ¥
aA”h

“The Carrgponc{(ﬂj —]thm dwg;l-j @ﬂPYESﬁUﬂi Ane

N
B, = T [cos« +C0S'o(2’] K
yrh

= _&LJ.:_—- /'Z — ]cnra inf—.‘n:{—a ng Con Auckvy
P »

a~h

-
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KNL (hary (o)
(3) Fierd ?n-{'ensif\{ H ok O-PO"”t- %

Que to @=uo Circular ﬂ'OOP Carra;‘nj Cumnent I ¢

b\Q AL |

T \
Cireauter Aq_aop

XY plome

- Consider +wo d«raMe—k-ra_‘LY OPPolsiI:r: clements of the wire Qoop

Al amd de'-

The -fioid intensiby ak P Qistouk ¥ Lrom the Cuovnent elewenk TdL |
1< %i\m/\ bg

i Y, § )Lar

p =

A+ =

PRy
As the Veekss diL owd Uy ase Pw[xmd?mlwu

d* . Td4

ymy ™

— TThe —f—%eld 1§ Oviewted akcm CLV\le‘- & tothe PQﬂMe
of Qoop-
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> The diametvally opposite elewment Tde' will also produce o field
ot magn?h(de equal to dH ; bub its Component panallel to
the plane of the Loop, ~though equal is oppositely divectedt
40 the fietd due bo element T dl.

- Howewver , ‘e Cow ponents oz,loua 'Z,—aa-((g Aue to the elewemts
add 4p -

“The Z- Component of AH s givem by

An, = dH sine
TdLSin®
TALsmo

ury®*

Aty =

(8}
Where Qa

SNy e '—_‘_(:‘ - (al+hL)1/L

o o . 0
¥ = a+h

\ ' [ oint P X 1 vein
The Yesultounk »]C‘\e/ld ,.m{:cvxhl‘y k- the PO P 3,

Hp :é dt,

Eﬁ T At o

z ._———"—_——:5_/9,
UR (a%h*) @+h)

\\

W\

. uwio
ur (5w

. hdl = lagh
he o 2 e [7 0G0

the wWire
n 3 %
w (@Tn) Qoop

L S

HP - Tra

Q (Qﬁ'h") -

~
K

-

Hp is clivected dlong  Z-axic
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I’{‘ h:o )
t.oiYEQooP,
1T ’~
gl R
(‘.QQ

(bf) Field B ak an(j POWVt Cﬁlldonﬂ

~the axis of @ Solevioid
v

Solenoid:

FA

Ml Clhavy

P Coincides with O, the Centve of {ha

SOLENOTD ~AXT S

i:?g: Solemoid -

A R

5 a 05‘3nd|—fcqtltl Shaped Co' | va\sisl-,‘:nj of a

(4] L. - ’
Llrae, Number of- Closely Spaned_ ‘turns of insulated wiive

[}
w0 U e Llsu_a,lIH on 0L ‘TIOn—Ma_g'O&hC -—Frame_

<
TN
Pl
™
/
i
!/
<

W - AXiS

d L
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> Lot the SQolenogid hoave N turwng U""-Fcrrmfj distn buted ovea a
Q_Eﬂ!:(j{:h L oud wmean yadius of the Coil =L

-2 Fov ‘z_l g”%ﬂbh +he “no-CLF +urns = N
N

I

[

1

For UWwit iwﬂH’) y +he vo- 01& Eurns

Eov 'dfﬂwﬂb‘ﬂ | the no.o_f, turns = N du

L-

> A the Cwwent s T, We Cam Comsidesn, bhot he Crovment in the

Coi | prod,uce,s o Cusnewt Sheet coibh s Lineay Cwﬁewbdmsf!:\y
2 = NI
L

- The Q_g,wjt{., d x Ccmg\tjx'fj a Cveveut

Il::,l dx = ,N_L:E.di

| = Sheet lenqts
= Hemee, the —F{a[d dB due 4o the Cumnewk Shee of g
dx. 1s

| I = ~

= e T A

dag= __—
ax?

£ Ta- N
A = ¢ Hefa Iodx

252 L
FYor e —P—-E]ww.
tand = _a Sink = _g__.-
L%
= Cotel = =
) )
= L~%x = Qcoba — (T":QCC’JQMY
A1 = a cosec o d« .
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- RKNLOwaY
A pusliiinn - ((;’

di- 1 Mo N g coced’® dx

2 L
&a;Coseijo{

dB = 5 MoNT  gia du
aL

[he vyesulbamt —F{arc{ ot rP' 1S

ol ola
2= (dB = j ;o HaNT o0 da
- aL
O(I O([
‘ of 2~ 9\
B = MoNT [—'Cosd,j
—aL of
a
B = MUNI— [CUSO{"C°5°(LJ §
AL
\

L& U Consider Hﬁme Pan{ﬁcwlah Qacab‘bns of— P

-

Py P, _ P,
R A C ®

Cose(’): Let P be ot one of the ende of +he Solevoid.

Py
"""""" - =D |
—— ol °
X i I o, =a0
.__‘,_/"’( a\ l
“— - S,
L [-]
C,O.So(,-'——— COIO(Z:CUSQO 1__’
L;z+o."
I*l& L>>a |
Cos o, = |
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s [ 1]

Cese (2):  Ler P’ be atthe €
——— X
B
Py
R L
// f \\
D 6.1 ! ==
— =
&
Ly
CHe of, = far
' ——F_—_‘__—‘_—-L CQ)S C'K"O(;,) = COSDLI
=) ra
= CosK, = — Cos«,
I Lp o &
Cosd, =
gp —~ MONJ-—- I:Coso(eroSo(z__]
= 2k
g
— MoNZ I.C05u4 +Co(0(;:] J
= I
Py = -
~
= MoNE g,
At
Mo NE (:)
~af
Bp = YoM
L
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- KNL Clhaw
Cosed): e f’ le o point on the ax,‘;/m.‘({wﬂy R
ome end and centre Of the Solevoid .
E;}
(( iﬁ “"x.. Of;_
Lad) , _ S e
t—'_l:.——¥< -3 L —_—
Y r —‘—l:{._-
3/” L
Ly Cos (K-dn) & ———
CoSol, = — W"
() -
T 2 >>a.
L. ‘F 9 L
= —-_________._—--'
mﬁr Cos (7"""(1,) = |
—Cosd, = |
Cosdz,:"'
G ONE LCO,QO(;"-CoSo(L]
& L
L |
Py 2 L. J L*Hsa*x
Giraph:
i
}
—_— _— —_ 3
- .7 lr_, — : Divecbon :B—P__)-P—ield
v ; iy

|
f

LY IS o A
)

!

\

Bmax

)
f

1
VT T U T 7

=——

&

: Variation 0’]0 B alovg the axit of a anj Slender S\O’enoid,
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vl (’J*ar]

—1
A‘“P@YG\S Ciscuital Law (Ampn-m‘s wnrnl.nm)

i —Y

- Whew the 'maﬂ'netic 'ﬂ@ld has Some 'Fm‘m O-P-- ..’IUMMI’ (,'VU,
-the maa'f)&{ﬁ(, —Flux dPM‘;;t“\lJ Cam be cetrrmined. cuith the
application of law Known ac Ampew.'q Lo -

—> In Elect rostatics | Comp\ex pvoblemwis Com be Solved u:inj
a law called Gausss law .

Gauss’s law is Wseful to oObkain E .

- S-‘m'-’arl(jj TS Maaﬂe;bo Stauics | Cump\ex pYob‘éWnS Coan
be &olved us;'na a law called Ampe/rc‘s chveuibal Law .

Statewment:

Armperve's civeud louwo Stabes thot the (ive ?‘n-Laﬁra( af H
avound a closed path s the Some as the met Curvent, L,

enclose & ba +the Pakh

PYooJl‘— : ' 4
g

— Considex a lcma Sbm?ﬂh"

Concuuctor Carréjing ‘F!
ploced Ollonﬂ Z-axis.

>
-  Consider o ¢ loged Circular /
path ov Amperian pakh of vadiu'y Awperiar
which encloses the Straight path.

Conductoy Carring curvent T . "
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=3 Contider dI at Po'm(- 'P' whiech s in a"(’ d:ﬂ’d:l‘onl
'l‘amap“lﬁ(u 4o Civeular pnlh at point ‘P' )
Fvyom BRiot - Savart's law
Myt 'ﬁ due to 'm{lini-f;eh\] Qong Condutt.as 16

e T R
H = ay
ARY

P %hncw cal Co-ovdinate SUS'LeAm, the do ' ad; Qivection

. ——

! ~
HdL = ¢ _E_ 4, xdga
QK

S T

AN
hc R
= [4;

T ]
g

It

I\

’ Pvpexe’s Law in
= ’ é)HOUL = Tenc J & P'nn—lzcz)ml v-f-UYM

Stope's theovem 4o the LH<

APPlY™Y
(v ni)ds = (7

5
<« lLowa
i R it oh PO
if e

/L—— Maxwell'j _lrd eavuab\on

[FBE | Since , TXT #0 ; O magnekosbarfefierd 18 1ot Conservanive
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KNl Chan
App\\'Caxions of Ampere's Civeuit Lows :

O due to .Tn-F-'ereU ‘Ong St‘\’aiaht‘ Conductor

(nssume‘)

Mpe"‘w?ﬂﬁn A C(ordjv({:f {—oAmpe,re‘s laww

O WdL = To

—> Consides Cloged path M&P’Kanpakh
. Which Shows bhat H is Comsbant
[z_(f TJ os Y s Constand -

Aoz BBy 8y +9200
A A . = _(l,f point Pj
H = qu Ay Ey-swbwfi’o

indvical Coosdinate System
daL - e!e,wm\ravg QEMGH" 2 @C‘(’jq' = oF !

4ar = Yd@ a?
H-dL = <H¢ a?) (‘x’d(’? 34,) = H(P‘f'dd]
PrCcow'd.ina o Ampwm.‘s Civeuwr &t Law

é H-dl = Tenc

QAN
AN _
§)H¢rd¢ = I 3.H¢T‘Ojd¢ =T
b=0

=3
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(&) H due to Infinite Sheet of Curvent :

/K'l
5\‘&240 ( )
St an potty  ((1-2-3 -4
/54\?(“\ % Amperion p Josed

S VAl
L/,

®
@)
AT
An
AdH
VY
dHy
\
Y .
e
3 B ;\
L ->- <y N

G’) Wy - All Such mepoﬂmls

o Conepy +o Cach
obhes .
Fig Avplication of Awpere‘s law o am Snfmike Sheet

@) Cloced path j—2-2 -t —|
(b) SUMMUJY\CQ! paiy O’f‘ Cuvrent A I ‘_”‘_‘\amwt_r
with OAYTEM{:‘ OlLang ay .
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[
I Chay

/\pp\mj'ma AMPWQ‘; Civeui b Lowo

ffH-dQ = Tone e -0 ‘OMe'
= Consider owm’ infinite shwet Cuoment Sheek i =€ 2 P
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