Unit-4
Moving Charges & Magnetism

In he Heon (B0 Oexs-}'ea' realised
+Hrat dea{—au ona mc-?ne:)-fsm were ,Mmuwf relateo).
He Lhows -H«ad‘ the elechic’ Cwrent thvough a SMW

wise cauwseds noticable ol»[;fecbm of the majnc:bc Compass
needle held nean +he wive.

He also umd +hat +he megmedic neelle o)

jned -tcm entiall an zmaﬁm civcle which has the

cwmud ¢ ywla wire? ar Uts centre amd har s
pla'n e)a./)enaucwlah +he wive.
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Ti; the divrecHon ab He Current \n wive 33 rexersed,
fhe olivecHon cf ol lechon ok the m nehr. needle 3 also
reAIMeol The de{;\ec-} oy Increares on Intrearing Hie cuwirent in

the wire o¥ bwnama the maﬂne:hc Compats neectle Closer
fo +he wirte-

MOQne{-ic Freld

'anC. fldo! W a Apace Qround 2 Conduchy

9{4 Currevd“ oY the space Qround a maﬁnej' hn which
J-_s' ma-gnohc. 5ec+ can be %d’t

It uir a vector Ciuon:h
omd us olunoted LH B.




force on a moving chw:& in a magnetic Freld

. Considen a posrhve Charge 9 .movina n a
tiform magnetic ficd B | with a velocity VYV let He
avna/le betwzen V omd B be 6

Due o milerachion betwern +he 'maﬁne'ﬁc- jﬂdo‘
pvoduced <ue Ao mo\/i:a Chw!{l:e (e Cwent’) omc
magnehc ‘B\e,lcl abp y the Th q Hhn experient)
a v, which oLv.fex\o\s on +Hhe Howina tacto\'s.-

X
F o vsSin®

F £ B
so by Combﬁn'mg +he above factor ) e T
F = k9VRsnG
Hent K A4 a Constant. T+s value ua tumd 4o be 1.

F = 9VRSimO
F = 9(VxB)

The rectivn 64 F i Hhe Alvechon ¢ross - produet
of velod V' amd mognetic field B | which i pependiculay
o He P\qm Cavd'curflna vV omd ®.




Ts clivection is given by the Right hand pucle's

&y oo ,
sy L%

V B=-a (VxB)

Unit-SI unit o) B A4 Tesla(T) ov Weber [ metve
oy N A'M?.

Dimensions of B = [ MA'T?]

l Tesla -

The MO‘?MHC. ield B at a it U Said
to be ) tesla ‘tb a chanrge t’b e Cudombpo:ohiie .mov'mg
al = angle 3v a megrnehd deld toith a veloa

of L'm/s experience o vee og 1 Newton ad Haed poirds
IN

- F s e e - = =)
B—m So 'LT_\CK.I."'y_g I NAM



An X pardicie ok mast 665 x1o ! is 'havdling
at Hg‘vd angfes 4o ¢ majm'Hc ﬁcld with a speed
o

§X10” mifs « The stren 0h Hhe quyw.ﬁc Jeld
W 02 T- Caldculade Hae 8—;’3& bo—n He pa)uh#cle;

amd ute acceler abiom.
:29—)—" Griven  that - m = 6-¢sx|16 2’ Kg

g=2e = 2X1exXI6¢c , V z €xIT mjs
B = 627 omd 6 = 90
Se +he ﬁoru on +the & panhcle M mc«jne,h'c zgv'eJd )
F = Qv sinbd
F = 2Xx1.6%x10'2x6x10° x0:2 x Sin 90’
F = 2.8y xI16"N
omd accelexation of the & parhcle _is -
- F - 3'zuxio"” - 12 -
a=i = & B m
= o e 5.77 X 10 /s

F'eminﬂ Left hand Rule

I-t we Stretch Hae i—v‘fs‘l' —f—l‘n ey Hie Cendval
fmjex amd = the tHaumh ek lygl' hond Lduedh.’ Fu,pencli—
cuan 1o each other 2uch Hwad Hae Hiest ﬁn er points
Fowards the SAirection of mcxamuHc ield , +he contral
%i'n er poirds towonds e U rechon ok elechric current
Crgo{im of +He POA‘I‘HVQ Cha.&.j&) Hwexy Hae Hhumb
represexds  the clireddion of the force experiencad by
the cl«cv.ged peochicle,

force F

magnetic field 8

cument /



Losute +he expression —for Loverdz ma.qnbh'c
M rnd Jovee om a particle of charge 4 moving' with
g vdou-h;, vV Ina m e field B . Show Hiat
no work |5 done b;,l iy  force. on the dr\qracd
ponhicle -

Sol. Loventz fbvm aJooO-aJ acts alomg the durechor
Pu.PenaUquaw. +

the a"r(ec{!'on of Vdod{j 03[ -H'\e,
pastcle -
Maﬂmh'c Loderdz fo-rc_e_ Foo = afvin)
v F Lv

Fovce <& pu,[ze.noljc_ulq,s__ do  splacement mode
‘v W= Fdpags = 5 |Fove 4 duphamd
o= B [;u_':eapcr\chm

So Neo work s done 1:-3 mo~3rul.h'¢ Lovertz f-mru_
oM CL\N"«QQ Pasticle_ .



Magnetic Force on a Current Carrying Condudior

:y Conuider a wive
A Lm"jofm Cross- secHonal
| aea A ond lena-rh L.
=
_’ x
b
A /
Let +thne Qhe m eechont per
Z.’r unit velume omd Hae vl

Vdoc:l'l-ﬂ ob +he electront 1S V-

TJotal numben o electrore 1M Wt U4 = nAL

So +he toru. on there electvorr 14 -

F =-(nALe) VB <ineg [ 9=-nALe ]

F = (-meaVy) LB Snb LI==-nnevs]
F=IlLnsine

O F = 1(Tx8®)

Here L 44 a vector ) moﬁn'u-l-ude L ond wiHy divection
fowards the Cwoent I.

¥« Here the oUY(C'HM _c_-t the F aa pespenclicalas 4o Hre
plme.  Contouining B emal T.

(1Y I 0 =0 or 180 -hen F =0

(i) I ©:= 96 +Hren B = 1IBL

K The ldvection ot Force. JCom be given bg “Hre
"F‘-lemina's Lept hand Rule .




Motion in a Mognedic Field

whan a mov—ina Chasge. Pcvx:h'de_ moves in
paralle! oy antiparallel “clive cfon 4o the megneHc
«g\'e,lci Han 1t doer not feed amy fovee.

_Ca_ﬁ- Whon +the charged particle is movi«n3
alkmg or in opposite 4D the mognetic field
(8:=0¢ or 180°)

F = 9VvBSinog' *——>v
F = o “9q g

-

Podh of Hhe particdde — Lineon (shoight Line)

Cose 2= i chaa.ﬁae particle woves at v:‘gkf mngJe
+o +he motc’ru.hc -t—u‘elo!

>

F=9(VxB) X

= q«VGSi'nQO. e v X

v
’x R X
I @®—

x Yx x x Yy x

T L A4 alwen enpenoliculos 4o +the divection
) moht: omol Hae dré\of

, 4 He Feld B s the cknrje
eoill describe @ Civeidant poth - \



Hetee +hne rece F pwvides Hae Ye_ﬁu«'weo( cenchapetal
¥ hecesl

)

I Y Fov moHoeN quma a ciyvcuwdas path
of vadius Y.

qve = mvE
Y
So y = -mv* =2 v = OV
AVHE UG
The -Hwme period ok v ex ol uHon o-b Hhe partde 1S
T = 271Y - 23F x MV
- vV - \% an
So — 27tm
T B
The agilas velouty of Yoladion of the particle
_ - i s S s Qn
= 2y =L 2 lw = —E2-

Here we Com See dhot T omd w does mot olepend
uper) velouty v of the particle . T+ means ald +he
Chaxrgeol ecles having +he same specific Charge
@/m?) bt moving with' diffeunt velecities ot a
peint | will Compdete Huiv  circwdan paths in +he
Sanme bm,

Cose 3 - when a C‘\M@-@. particle ot any anye,
(other Hhon ©' , 90 omd 126 ) to +Hhre megnetic Held




Now Ve = VCot® 43 the factor of V akmg
ha Sivecton of B amel w = VSIin® Jda the factov of

V' im perpendicidon olivection o B .

For Component ok velou VCoB | Hhore wtnll be
no Jore o Hae ck%ed icdle M Hae megrutc
fwdo\, became +Hie omgle behwuween V|, omd B X» zero-
Thua the Chargeol partide Covers the lintas distane
m clivection ofy “the mognetic t{dol with a Corstont
Speed VCnA Q. ,

Alse +Hae Covpene nt oY vdoci:;] VSmP i inthe
perpencicidan Jivechvn 4o Hhe magnute ﬁe\d 8-

Dul 1o wd | the charged paxtide move on o cialar
Pt in the mognetic Y-

The rveswyed Centripedal ¥Ce ¥ motion oden
a civeuwloa Q;?cd’lq ob mdﬁ)& Y %L Prj:ideo' ba +Hha 3
Mcﬁnc:i'lc -50:(9_ ar <

m(vs'm@)l = g (vsme) & Sn3o
Y

|

Y = mv,S'me
a7

and the Hme penod o} Hae partice L -

T = 2T1Y - 27l m
\VAYTIT 98

Theregove | umder the Combined epject o the o
Component veloditied Hu charsged pakrdicle in mognetic
lelol will Cover linear path ol well ah civcwlar podh
hence +the path of He Ccharged pasticle ol be helical
wlwz‘e axis & pasnalld to the clirecHon of, moagnetic
-biei‘ .



DLitch - The Jintar datance cOvvuzol bj the charged
particle in Hhe magnetic Jeld in one revoluthm o f
dde avcuwar path Wy Known aa the prich of helix -

Pitch P = VCoAG x. T

P = 27tmMYV CoiO
95

A deuwhon amd a proi-o-n movin ity tHhe SomL
c@SE

5[>a-ed enk-f the Same. mogrehc eld 7
200 es 3o Hee cbrechtm Q} +$2C1& -Fm.} 5knoo

'Hf\c_ -f:vaﬂed'one.s <ji::')\o two parhices '
mg\eh Find -H'\e_ rcuha of the vadiuws
Oibe:?:lae_ ar podhs Lokich the +wo partices may
S when a charsed particle exters in the masnehic
field ot vight “angle, then the peuhcle follou:_? Q

crrewlar podth .
Roclius oj» the crewos padh v = %
e . ™ ¥ x x X
Ya Mg, Proion
X \x X X
Mdq = 2Mp
Dyehm
So Yd = 27 x x X X
oY Yol :YP - .3 L
o x x X

Note ~ Spalles Hhe Yadxué, g-rea}v;_ +he Curvature.

anel viee -vewra. This Is” why the prwtoms path
has 30% greater cwwatwa.




| An elechon of mass 0.3 x1072° kg under the
achen of mognete fiedd moves in a civcle of
radiubt 2em at a Spe.e.c‘ o} =2xlot m/s. Tf a
proton of mass I'8 xI07* kg, were Fo move N
(s ]

civele of the Some yodiws 7 the Same eh
field , then find uds Speed. 7 g

Sul: We Kmow Fhed ave = my?*
. arg
oy v o= 20
g5 Vo o e%B[/mp - me
e 4.¢8/m R
Vo= Ve xMe = axlo® x 9x10>t - {5 x/8° "s .
MP I8 x’o*ﬂj

@ A Charge ¢ moving odong the X - axis orth
st Q velou'{\& VA SMbJCded o a ufm'j-ofm
megnetc —f{e,lal B a.ol-ing odona +Hhe Z- axis

(a) Tvace Tvajector

2002

b) Does, th icle gain kinehc ene
o as :vdvu& ihepaﬁaﬂn L nfl'dcl 2 RCs
Go)° . 2z
() As the Charged posicle
Jd moving perpenclicudar y

to the m ic Lield, S» 1% iy
will P%fbi:a circnﬁa,\, ‘mokion %:*"""’ .
X

. X-Y PpPlane.

(b)Y No, +he C,Mﬁa{p\ pm}d{clg doex noi g,a:m any
Kine‘}v‘c Ene/\,g'a, because the Loverdz —fmrco_ qc-Hng.
o ot doex not pe):.form omy. work as ' F, LV,



@ An electharn mov‘ma P\oﬁzw\ro..UA/ Wity e velodity
RSt Ofy 4x|0'M/S enters a vegiom ‘of Umiform magnetic
’J,O‘S ) i 1 2
fiedd o 165 T erchin calliy” upwanels as shwn
fY\ ‘F'auha. Drxguw its al}’ed'uvj and fAind the Hime
it takes do Come out of the maﬁne:hL f*do.

Sol- Frow flemina’s lept

hand Rule the “electron e o 0 0 o
o\eﬂclec} m aanockw3§Q ==s_
Arrecton and descxribe ph Bl
Q .Se,ml'c;\rcu.oow, Pedh o/ o\xo @
Hesza mOﬂne_-Hc ’ﬁn'co._ Pmﬁo'ﬂ_b ® e oo o
o Ca,ni'hpeiad ’f"J"'“L(-5° vV e o o o

Eve _'—'——"3(\/:L G_’ _-_o’o e o o

v = .e%..r e o 0 0 o

. Y o
F = esy/m ’;’Q
-3

— 3UX 9.)%)0 178 x 1076 Sec.

6x10 1D x 15>

t

BE A WARRIOR
~ NOT vs
A \JORRIER




Velocity Selecter

A ch a4 W moving tsith velod Ve
m Presence 05 bo-l—h elechic and Magn.u-uc Frelds tcus
a -foru 84v€n ah -

F = 9% + UV B

Now Consider. a gimple core cohen electvic amd magnehc
-ﬁeHs are perpendicwlar do each other omd also
pc}.yenchudm to the velocity of -we particle.

X X X X B X X X X qu
+ +
X & X v
Source X T X/ X
qE

X X X X X X X X

5uf>pose we adjwt the value o € ond B
such Haod mo.gnﬂ—uolu of the +uwso fovees e equal,
tHhon -+ +0‘f0\\ yee eon Hhae C_l'\qxae 1S Zzexo omd
e chorge will wiove n the $relds unde-b!edeol-

This happens  cwohen -

Fe = Fg oY V — E
qQgE = 9qvVvB 6

Tud Conclition Com he taed +v se)ec} C)f\a«a,aeoi
parnticles of @ parkiculay \/elou beam
Contoumin chasges movnna lez\ A%? SPOGds

e s

The CrosSed E Smd B -f—adds Haere enve QA Q
vdou’n{' Zelector.

k—, Hne OJL+1CJC/'5 w;'Hr\ speed Eln pars
Lmo!epec;koi 'H'wvv\aft\ Hne re84mn o} Crvssed isdds



BRI1oT SAVART LAW

led ¥ be +hae pom—hcm ve Ctor ob 'Hru. Pmrd' Pt‘m
the Curvent element T amd 6 be He angle betuen
AL omd Y-

ﬂ\L sz)und’ elevient T.dL W a vector. Tts divechon

A3 agent to Hae e,l.nmtrd' omd U» cehn in Hhe
Ol(rec-hm 0-5 Crvoent -bloco ivn +he Comductdr.
Y
:
as
Current @
elemcvrt\u.t o P
Y
X
(t) d4dp & I (i) 4p « dL
Gii)  o=lB of SmP Liv) ol o l/¢r

Co-mloin'mg Here -i;adm‘s, e 3&4-

da x IdL&n8  ox  gp = KIdASin®
Y‘L r:—

K = i"l:— = 167 —» Tvy ST Umits

So that Ide = Mo Tisin®

47T Y+

I vec toy J‘twm e maﬁ W fe -

B = Me I(JIXY)
431 r+

Here divect om o dg W repveaented bs ‘Ria"vf hanel Rule .



Similaraties and Dis- similarnihes betwesn +he
Biot - Savant’s Laws & Cowlomb's Law -

Similanihes -

(1) Potr +he Laws #.‘ ia‘eHs arc Aom yonge | Simce M
both Hae Laws | Hae *n‘do‘ at o Pm Vai)es anv;&e)a
art the squast 06 the oistance ?('rtm’; +he Sowrce -

(1) BGoth +he tie,lc's obc«d _Suqo(b_Fos'.-Hm pﬁnc:cple-

Dis - similaihes -

(1) The eJecj-mi-Fc\h'c peld o Qcﬁna along Ma%}:lfmm}
vector while Hhie mewgnedtic -HQH @ actn pe)qxndku\nr
do +the plane centainn

+e Ctwrent element Tdl and
cﬁ‘kplacemni vec-toy ?3

(i1 ) The Cowlombs Lavo .a imAepenclent omale Whereas
t+he Biot - savewid’s Law @ omzfe oh.pzédem.ﬁt
(i1 ) The electyostahc tn'elol ua produced by a scodon Source (2)
tohile magnehe Jleld 43 producd by a vector source Czat )

An =element AL = AxT 2 placcol ot the
case ovigin  amd Consues Q

200

Cuwient T= 2A. Find Y
the meognetic flelol od a o
pomt o the Y axis at
a olatarre of 1 m due
o the eleyrnaent AX =wiom. o lo, _,"
Give alse Hhe duvecHon el T —>
Of e jal'&'o‘ ‘Pmdum_d. zg;'.'
E‘O’)' @'ro't—' quoud‘ Lauo :dod‘eg Hrad -
de = Mo Toll x ¥
43t 2
Hexro Tl = 2 x Wi
ol = Mo . (Zw?. xj) Hu(?: J )
4 (1> &
dr = Mo W Q >0 (lY‘ = L)
23T
oY ,O“Bl = Mo W

S (adma_ + Z a.m'.s)



Cucaneﬁic Field on the axis of a Circuloa

QOP -

Con&tclu_ a civeulasn cotl ok voadiuwrs a widh
Centre O- cuwyaant T, Suppose p Ja om
Fo«ini on ~He XIS op the drvcuwlar coil ot a dustance
x-t)-rcm aFt< Cen:hre o.- (OP = =D ‘

(NN arrvsnclev two small elemont of the coil
each o} leng y o ¢ amd D which are situoded
ot dameht od\j oPPos|+e e_dje/s

dl c

Y-Ja+x?

o
Acc oroln'\a to the Riot - Savewts Law , the megnetic
ot C A

ﬁudd cd PUAdue 4o crnsent element T3
64V'€X\ by - 5 , )
B = Mo TdLlSim90
4n ¥
= Mo —Xal
8 47t (a?4+x?) — ©

The ohrec-Hoﬂ o} cl& s 1N Hae plane Papendacu.lqr
4o Al omd ¥ omd vu Adivectesl ax 8" a r
hancdl Screw yule (-e. acting alcmg, PE _L P.

.S"im‘\\MJ\{ agn) tyole oéﬁ mo\—jnﬂ.:hc. eJG‘ EN o

Po‘M'h)cwvun¥e) en}ot dl at D a4
?W\ 'Oa : :
ar = Me Tdl &inm9o
47 rs
dg = Ao Jel) o 50

4T (ar4x2)



Tis livectiom A dema PF . DP
_ 1 Mo IdL
<8 = 4B 41 (a*yx™)

'gwm eq. O &£
S‘q'nc_z +ae Compc-nard‘s ok Hao oujn:vhc ﬁdc‘s
g PY amo PY' axe E’}"@J amdl opposite
Camugt eaclh other amdg Hae Compovients oc.-l—ma alo ng
PX are im same dbivection So 'H"“‘j add el “Up.
So the dotal mmﬂ weld at P due 4o curtant
—H\ruv\afh w heole C_:YC\.JM_ Cal is 8«\:% bd"

h fclBSn’\CP - Mo Tdl Sind
4 (gr4x?)
B = Mo T sim <|>de Sng=
41T (o*+x?) Jatax?
> = Mo I “ x 2T1a dl = 2na
47 (a*4x?) X.Iq"q,x’v f
- Mo ?JTQ'LI alen PX
o - Ja ghw (m3 ™)
11, Haen -

Mo 27tnTa
'L)y;

'I-b Hane ke N Fuens 1n Hae Co|,
y B
P = Zm (a®+x

Special Case -
When poimt P Lie at +the Candre of Hwe ciradar Cal (x =0)

1B
B = Mo
za
B,

XY




Twp Concentric civewldon Colle X and Y of
Yadius leécm omnd Jo &m rut:ec_-Hvely, Lie n +he
sSame Vt’)u{'t'c’e_ plqne Corndeuning +he MNoity o
South Stinecthom . Coil X hor “zo +uwemt and Canves
a cyrsext of 16 A-. Coll Y has 25 twans and
Cansues o e + of IBA-. The sense of the
Cwuntd 1\ X s clockuoise omd clockewise in
i 13'01 an obsesves «Lmld-n% at Hhe Coils fac?hj_
wert. Give the mognitude “and Slivechiom of the
Nnet mo\_ﬁ'f\.uht_ f’e{ dur I Hae Colls at Haeiy
Cevye .

Sy). N|

Rqol,iw, O\f- Cm) X > Y, ¢ 0:l6em

Radlius o4 Cotl ¥ 5 Y, = g-1m

Numbes of twent of CalX N, =20 W-- = =<
Numbea of A of Coall Y N = 28
Cwverd in coll X, I, = 1A
Cwourd in Coll ¥, I, :-18A4 s
Mo\ﬁn.dﬂc fiﬁH due H col X at Hiedy cenhe Ja
B, = M) T,
2,

- -7 -
B = AnXo'x20x1€ - A7 X159 T (Towends Eost)
2 X 016

Mognetic fiedd olue do coll ¥ od thev centre w

Fiven by - B, = Moy,
2%,
B, = 47 X167 x 25 X18

Z X 0l

Hente the net fileld s -

2 - B, -8, i

3 an xioY - 4m xlo’t' = EN ;uo"q T

oY B = 17 Xp0™3 T ( Toword S weu;)

- agn xio9 T
C'rowwwls, IAIu:L)




@An elechon ™Mover around +he nucleus in

€ a dvo odvmy of radius 6.S1A° wath a

2008 ve)okc_’?{-g,arf 2 x|0° m/s, . Codeuwlode -

@) The equivalent cwsent due #o orbrtal
motionn of eectron.

(B) The magnehc fiedd  producd at the

Cemdre of +he nucleus.

() The mognehc momerd aasocieded with
the ele .

Sel. Crivery thod_ v = 0oSLA = os] x50
V = 2xj0° M/s

() Time Pu..'coai T = 2ATY

Y,

Electrc o B o = BV

lectric cwwent I = Ty v
19 0 2 x165

I - l'G X'D - 9.99 xlD..SA

2 x 3.1y xo-5] X0~/

(b) B = MOI = ﬁo eN )
2r 2y | 27y
R - _4% x1o X 9:99 X|0~
2 x 0:S1 X100
oY R = 1.22 T

c) Maﬂne:HC. Moment M = IA
M = s.33 x16° x(3Ly*)
— 9.99 xlo'g;g 2.1y ;_((0-5‘1 X100

2
M lo)
o¥ M = 8.1€ XI18725 A.m*



@ A sﬁ'rn.'uaid wire of lma:i“h L 4 bant into g semi-
e civewlan” loop. Use Biot- Savard Llaw 1o oleduce an

express) ov e magrnehe Meld af its cerdre dua
#DP'H\e Cuwfeu:vi: T Pa:czing_ 't'{'vovgk H;.t

Sol. .Lena’H'\ L 44 bent ivdo semicivewlay Joop -
L-.ena,rh of wire = C,a'-rcumfe,uwco, of gemiciyewlay tive

. = JEY
Y ow

Considering a small element
dl on Curvent Loop -

The m T Je.‘eJc\ de dus
o¢mall Current element TdlL of centre C. US:”J Biot -
Savayt law, we have .

dz = Mo . TIdl $iv1 90" TdL .L y
ca Lo s B =90 |
- Mo TdL
da - 4mn y:
N-et rno\zjne:h'c_ %‘dol atr C due Fo Semicyycular J-oaP,-
Mo Idl
B = —4—-11. v*
Semicivele
» = .{"__"_% f i _ Mo IL
W i +n v
&uj' Y = —15‘1— So -qud’
. Mo . TL - Jo LT
® 20 Way ol 4L




@ Two tdenthced Coils Pond @ each vadius R ore

cest bj'm ) pexpendjculq& Planes such Hred -l’hvj

2003 |haveNy 0 Commorn Cevihe . Find Hhe magnitudle
cnd cirechon o} mqaneé—ic fledd atr Hhe Common
Centre o} the two Carls , i -H"&ﬂ cavy Cwurents 1
and 31T T&Pec-ﬁvc/b?ﬂ.

ff.‘_' Ma@f:.‘e_:ﬁc_ Fielol ot the centve A /Q)nel'
op 1ls Pand Q. are P
T | KOs
Ba = /‘_@?_:Ié_l £I /G

Brret =J E>% + qu + 2 Bp Bglosq0

Reed :J (}i._’;f 2 ()uoﬁsz
2 R,

= MoIy2 = Mo
2R =
Ao L
teno = B - _zR o L
Bea AMo{3T NES




Mugnd-ic Field duye 1o S'trcu'ak" wire cavping Curvent

‘Let P be a point at a perpenclicdar. daFane a fom
+ae wive. Let ‘H'\L conductor be made ol small Curvent elomends.

Contidey a Smll cuwwuent elesnent I:T' o
wive at 0. Hewe ¥ aa the posnhtm

p the

vectoy ob P wrt.
curent Clemend and B be e om

8’9 botween ITGnd
Y. le} Co = 1.
Y N O = 96-—¢ .
SO = Sim(%0-¢)
SimP = Cos &
C"&"’:'-; oy Y= C;¢
[ = atond
on ol‘c{,baenﬁéﬁvgii
dl= astec’'ddd
g Accovoung to Blot- Savend's Law
X
4e = Mo x Idlsind
4n
oy an = Me I (q32c1¢ d¢) Cord
4T T (o)

% oAB = Ao I cosg dg

The +otal Mo nedc -b-!dd ot mr\:!' P olue 4o Current

+hrm Hhe wkole shaighd Condudor XY Can bo obtamed
ejrodma ol within the Limits —qpy med + ¢ .

P2

B — /‘-—fo 7 o CO&¢ o'¢
47T a

¢




= Mol (sine; +8Sim
B = (‘ 1 ) 4’1)

SPecn'ad Cases -

(;) When +he Comductor xvy is o ,'—t\'nrte len Ornol

Po—wd P Lier near the centre 05 e Conduc:
(¢) = &2 = a0 )
So B = -“°__I_ [Sing0 +Sin9s ]
4914
_ Mo T
& = 2o

(1) tohon Hae Conductoy Xy is o *m't& 'exE'H\ but
Hre pmn+ P lies rear +he end Y (o¥ x)
(¢1 236 omd ¢, Z¢)

So B = MoI <5135 + Sin0 ]

4710

R = ML
4Ta

Direchon of Maﬁne%ic Field
Right Hand Thumb Rule -

T we magine Hie Lineosn R
wive Conduttor to be hald

N Hae n‘ ok Hae Hi«i‘

l~omcl so ‘H\q}b"rhe Haum Pcfm’rs kT
in the divection of C‘.uMﬁrﬂ, e U

Hen +Hae curveture ob

mnareds aroung +he Conoluc'hnr
il PteA€YL+ 'H\,Q divecHon ob -
magnetic btdd Lines .




Sheeu Wire AR Cahtieh a Curvent ok

d A lon
CBsE GA - AaF‘A'O’l'O\") travels o3 4x106 ™)s . panalled Fo he
it and in a directon OPPos'n"'e. o

2 Wive 0.2 m
the cwsent . Calalate the fovea which the magnebic

»-F:'eJO‘ due 1o the curvent CQY“(}'MS WATE exexts om
o the pzotom. Also sped:f\f 1t livectH om.

So]. Gaiver — I=-4A , ¥ =02m
V = 4X)o®m™m/s

pedd ot potrt P ooue |
!,

B

M&Unthc
+oV cweeent Ca*(r\tr;ng whYe

B= Mol
2T Y )'NUA 4-x10 m/s
Fovxce on Hre mov'ma, protor
F = avesing %
F = qvx Mol xSim&
2N ¥
F = 1exio=x Uxiofx YTx)g 'x Y xS0
2T X 0:2
F= 2586x10 ®N

Divechon © ce ot point P 1 towands viakt
or owoouj -b\tc‘rfww-!-he_ w—'\'rPe A, 'ah}-



Ampere's Circwitod Law

Tt Stedes dhod the Lime indegeal of magnedic
%LGJO‘ B arpound a closed path in VO«Cuu:)a da éc)ua’. +o
Mo times the Jotal cuwerent T pming -H/wouah Hre

closed path.
§ E-;ﬁ. = Mol

Prooi -

Conrides, a | Hun sheed Live Xy ca»caih
Cwount 1. The mig?mﬁc -bidd Ugjcj q&otmd‘-i—m_ Conductor
Qe ContentHe ciydee n the plcwu; Pe’zpend:ud% o

the Lnre XY.
magnetc fleld produced ot B = MuT
a povt P at dutance v 27Ty

The clirechion of B is odomg +he fangent o +he nagnefic
feld Line at that pount.

==

1

Conwidey a cixcuday closed path o§orqouws y whose

Cerntye 0 Lie on +he shalakf Cenauc
Take a small elepmuent Ob len dl ob the closed

PaJ‘h ot P. The JUrecHom ot omd AL~ oa Hie Same.

Trowefore  Lline irdeﬂml o} B around the closed
poth o} radius v 1S

.

_9973’-3 = § BalCoss fTa’.cTi = B:faL
= Mol yamy $ B.AL = Mol | Hoer
T oamy e So fB . i Proved.




Magnc{-ic Field cdue to Curvent H«mwah
a vevry Long Circwlan Cgli'noler -

Cumlo‘e)g_ an bnm"‘f_ Lona Culinder ob YQAIMS
R wnth axis xy. Let cmr extt I be +he cun'en‘i passmg

%mu%/h “+Hae A ndey. mo-ﬁne:hc eld lner o
borcz Qe chc,LdCUz Yo +he t‘ oy ca/hnder

Case I- (Point P aa la.ina outside the calinolex)

Lt ¥ be the oo dintance of poi
P Hhe axis of noler (whexe Y >R)
The magneﬂwc c{—\elo\ 34 qch'na -kangcnhal to
‘H\!L m_c:gnehc e ot
omd Al G o«c:hﬂa in -H\L Same cirectin -

A‘Ppljfn(? A‘mpete circratal Lowd we have -

f‘é}.cﬁ s X
B2ty = Mol fdl = 27Y
Bz MoI
27T Y e & +




Case IL- (poind P i lhdng inaide c_aﬁnder)-(Y<R)
We maka have +4wo possibilities-

D) I’t Fhe (Wz)z,erd A c;p'y along +Hhe .S:wzﬁau. o
mﬁ dey which W so ob +he ancludor s a C‘frmderi(nol
L of meted , Hwn cwSant Fhrowgh Hae Closecl podh

L s =ze¥D-

a4
U_s'lﬂ(tj Ampexe cirvcuital N
Lawo —
. Ba+
B=0 .
E. R Y

() I-b Hue Ceoveent aa Un‘tboxmla duhibuted +hro ondt
¢ Cxpss-Sechon o-b Hhre Conductox , Haan the Curvent

Havora closed path ¥ i 8"ven bd—

7t = L eriv™ o LA
JT R* R*
A?Plaiﬂg Ampere’s civctatal Law e howe

f—é"d_t = /‘Jol,

B(2mty) = MoIx?
R'l
. AMe1Y
B3 = 9-7;-R1‘I R A Y for Y <R
* So Hhe magnehle deld Ji meosmum ¥y a pPeint
_n . P
o +he Swrface of solid exlinder cearvyi cuyvent
omd e =Zzenw tmr a poﬂd’ o) +he axis o (&%ﬁnder.
e 1
&-———-—-.—-

F - - - -




SOLENOLID

A solenoid Censist o em irvsu.lauﬁr\a Lc-mj
tove closely wound  in the fprm ok a helix¥ T4s ¢°
Lena*h A vcrud Ia&ac as Compareo its Liameter.

L ]

- ——

‘L\f’
B
t e
\

Magnetic Field due o a Selencid-

Comvider a Jong stveight solenoid of
civcwlar cvoss sechom. Each Flvo 4unnay o))’H\L.‘Soleno'\o\
e inauledeo from each other. Wher cuyvent 18 ed
Hhougih Hae selenoid | then each +uwn o} the Solenoid
Cey “be Cevsidened ar a civcuwlar Loop ca 3na Cuvrent
ond +hur will be pmdudnﬂ a mnﬂmwc e\gd

At a po'wd- outside Hie solemnoid, %Lmajne_-Hc
si\'e«lds due 4o ney bowzing loop s oppose each othesr and
ot o poind inside the solenod, Hae magnehc t«'dds
art 1 the Same divectom. '

As a resuwlt oh ot He eﬁec;ﬁve maﬁnufc_
f{dO‘ oudside Hra Solenoid becames zewn  whorkos +he
magnehc field * maide +Hae Solenoid becomes Stong
ond un"-tm'm emd ach'na Mong the axis of Solenod:

Let N be the mMmumber ot +una pex unit
lengti ob Aslemold.

Now, Consider A rvectmgulan amperian loop PaRS
nan the middle of solenoid ; where PQ =1 .




L +|

B 3 P B B B A B B B B e B et B B W BB

Total Nimber of fwms N length L ane = n)

The ,Unt_fn‘f o} mognetic +ield induchon B ovear
the closed p:gh PG%Rs b

fedl.= dl—rf J"+f ar + '@"JI

P&RS

f—' L 'delCoso o 3 chHCOASO +fo dl +ch"CoASO

59”-07’{ = BL + 0 +0 40

f &.al = Bl
P&RS

from  Ampend/s Circuitel Low-
f B.Al = Mox dotal Curvemt 'H\ro\@h Ha rec-}ana{e P&RS
i = Mo X No. 6 dwens in vectangle X Curvend
BL = LUentI

B = MomI B':_)‘LLNL_

T+ A the mcujnz-Hc. %feH imade  the 2olencie).

X At a Pmruf near the end o} G Solenod ; the
mcsﬂnehc -b\elc\ ad 'fouﬂo\ +o be ,uon‘.[

X The Linecan =clencid c;vuai c,wm.xd- ad ivalent
to a b;:; mognes}- "d e




Field (North)

N 0])))))) S

Current
Ar —B‘
B=Mnl
j % |
- ] : 5
=Ly © +L/y Lenat‘h L —>

R.\ A solenoid oj— _,lu\a*;, 1m hos a radius Of lem.
;;o;\“ and hos a Jotal 1ooo -th:rvs wound on . It

Cardued o cu».ud Cadeulote Hhe maghitude.
+he_ axial c fﬂ]c’ inside the So!lnmd.

an Fo move with a s
104 "'/s m'fhe, a.xr.s ‘Hi m’ Cunrzn{'Pg: n}
Sdenoicl, whatd woidd M i
b& Hus electrom ?

__-S’__L-. Giveny - L= 1m s Y= 1lCm = 1o'°‘m.
N = [oeco T = &A
Magnete field P inside +he sderoid -
B - JMdUon T = Mo N_T

B = 4TIXID ' x 100D x &

E'> £ I G2 T
Now - v = 0% m/s

omd the e.bdweanandVMobecm&.
the dec%nm meves clong  the divection of +he

megmeh ¢ Field.
M«ana‘:l\c 'fn‘rce- Faa = 9vB S0
So Fg = 6
Hente. No mmgnL‘HC_ j'urc.o_ C.KP?A.}enc.ob‘ ba Hhe ded“ﬁ'ﬂ.



ToroO1D

The “ovoid 4A a hollow .C.;'lc.bdq,& m ony Which
a large number cf inawated tove twns closedy -
wound. Inpact a Joyold W an endless sclenoid Tin

the oem ct a h'na-
Magnetic Field due fo curvent in ideal tovoid -

Let n be the number of twint per undt |ength
dYovoid ond T be Hae cw;u_n} ow M "H\YE‘?*\ AT
Cotre. 022 ideal “4ovord , the Coil ek 03.,2_ crdudan and

Clusdj wbund.

I Path 3

Path 2

The direction of +he magnedic fieldl at a
peint wi a-'wﬂn by the tangent “do Ha magnehic
Field Line” at 4ot poimd.

We draw +hree circudas amperian loop 1,2 and 3

vadits Y, , ¥, ond Ya do be “raversesl in clockwise
divecHom

So +he maj)wh'c gq'do/ a(ona loopi ud -

fE'o;ﬂ—I = MOI
(oopl
Here 2 i =g 5\ 'ft’f _,tO()Fi So &, =0

The Current enclosted bg loop 2 is zewn =o the

magnehic field o«Jma the loop3 -




-—

Esodl = /uo ‘ C)
loop 3

Ps = O

let B s the mecgnetic ﬁdo/ a/onJ the loop 2 -
Current enclosed By the loop 2 =
= number o} turns X Curvend jm €ach Hurnm
= 2TTMyn x 1

So —
f E-dt = Mo X 2TV, 1
leop 2
Bx2mwy, = Moxamr,n1 [ db = zn\r,_]
oop2
B = MonL

Thias reaudt s similan 4o thed ofs Solenoid.

ﬂ%’f (WW



force belween tuwo paralle| Current Carrying Cemductors

~ Consider two mAmte lon ~5-hra'4€rw} C erduttor’s
w;\g cwwrents I, omd TIan i the same divechm-
- e

held paradle] 4o each other ot a odutane .

" Simee maﬂne—l—)c i‘:/H ws produces! clue o Curvent
tHhyo each = Comclue ,ﬂ\.m.ziove, each conductr
experi¥nces & Jovea

-~ -~
R P ~
{
-5 |‘ < —’E’ P
L e B e ’,_/1
T AT~
&—— ¥ ——>
p 4 Y

Mernetic deld at a pomt P on Conduchr vy
dur 1o cwwwveent T pcwsina -waab\ X s a%wm ba-
- Mo 2.X)

Y

¥
Acg —Hw Cubrent Cm‘vyin Lonductor ¥ Ues v He
netc bfdd B, , ther gtrge +Hhe unit iw\gf‘h of Y will

&)

expextence”’ G -borce aiven bd-
| Fq_ = 3,12 S1MmB [L: 1 (umt W")]

Pu.tﬁnj the valia o~b By , we Aave -

2T Y

Accoxdung 4o Flemmngls L Hand Rule Tce ov)
Conductor Y a@—s pu/)cnd(‘caw/a»\, {??*Y,;l’indco' f;%mrds X.

Sr‘mnaﬂj Hie tomcuctor X  odso e_xpujem&s &
%DYC_Q. F'-




Fi1 = 82T ¢1mB [L =1 (umt &erqﬂ')]

= Ble X l = B‘),Il
F, = Mo, 11, (E)z:)""’ Iz)
2T L § 21 Y

F, acts pependitular tv X omd clivected fowonds v.
Hence X omoV atfmct each other.

X Two Parcu“gl Conoluctors Cantyl
ame SlretHon athract each o

na Curunts 1n Hhe

- -
f

x T the cursents i conductor X omol Y ke in
oppesite clirechns then Fhay repel each other.

Standard clfmation of 1 Ampere
One ormpere A thot Cwwaent which wohen Howme
th Swo poralldd wives Sepanoted by 1 muey
ivn Vaccum produett a fovee of 2x167N on unit

Luna"i’h of wive.

F = Mo T, To
F INnY

15 L=1m, T, =T, =21A ond Y=1m Hwun-

F = 2x10 /' N




@ The JL‘-G Shows hree identcal wives Carn.f'ma cLnvent
cBE Einol - (i) Magnitude and clivecHon o +he net
2 mouamj-ic_ -fls'd od pomt A on Coernductor L.

) Mmand'l'c ’fmr@ tn Conductor 2.
Sol (1) B, = Mo (3T)

I A
2Ty > =
o Hhe plene o) papex il ‘31 -
Ba = Mo (YT) = )“'0621) iy
21(3r) MYy > &
Out o} 4he plme o Popex ur

B = Mo(3T) — Mo (2T)

27Ty 3Ny
Ba = Mo[5sI]) into Ha
= 1 & Pq.f)“

(1) Maﬁne;h'a fovce per umt Length on wire 2
F = Mox@®IXIL _ Mox(UT)x(3T)

Z7Y 27 (27)
- .§ HOIZ -— 3}"012
2 JCTY TC Y
= =2 MoI*
-
Hence Fovee F 4

Jn Hre olirechon o)y wire 1.



Torque on a current Carrying Coil in a
Magnetic Field -

Whan o, ch'rqn(yu/q& Cuwvunt Cas i\ng coil 1
placee] 1 4 u'ni@orm mo.gnvl-fc ﬁcld Hen’ 117 experentes
o torque . Tt clber mot experience a met fovee.

e @rst Covuider the sSimple Case dhen +he

tectomaudan loop is placed Such thod Hwe  uniform
m(’-ﬁﬂéaﬁc gield & is in the plane of the loop:

Rotation axis

The ﬁ'ddf exerts no ﬁbrce e +he two @Ami AD ond
&C ob— +he loop.

The mesghetic Held Wi perpencliculas to the anm A8
06 the [oop Ond exerts a Pree Fp om it, which Ja
Hivected b tHhae plam % He "TDP‘

F) = 1IbB® r
2
S lerdy Hie meanehe Held
exents aL, vee F';_a on 'H‘L{;.‘ ahm ‘_a/ﬁ_*"a/

D, whidh o directed out
ob ;\«\L plam ob Hae lO'OPc 'ﬁ\"

Fo = F) = IbB Fi

Thus the met Jovee om Hae loop U4 zevo,




Noto Constider the Care tohen -Hae Plane o3
Hhe loop, Ja not alomg +he magnetic

‘ 2{1’(2)0‘ and makKer
an angle with 4.
Let Hae Onglc betweon Hre i_,'q,(d and the normal
o Hae Coil be an e &.
F, = a1l
D
eing = AT
>R G

F| = BIL

The pvce on @Womk AB omol CD ane F) and F.
F| = Fvl = IBb.
So the magvitucle of the Tfovque on Hie lvop is

T = FxasSiné = ILBbaSine

T = IABsSn®G
T = Z(PaB)

I e loop hos N clore)\{ wona Fusnk | Hhen
the Forgue will be

—

4 ? = NI (A»X.g)
o
™ - NTIA

™ = mchnoh'c mo ment oé the Cweerd loop.

£T unit o} magneh‘c moment wa A-m*.



Polasuty of the magnetic cliple moment -

LooK at ene 'bace of +the Cot | - It He lirechom
oF Cworend Havough +Hhe Coil vr clockwise then +Hhae

tau; has  Souwdh pofah;'ﬁj

N

O © =

I Hie Mwechion of Cwont 1 anticlockvise , Hhen

Hred -tau haiA movrta polcvu{—‘j




@ A squase. coil of sicle lo em- has 20 s
pl)\,;.. omd Cories a cwoerd of 12 4. The Col <&
S0\ Sugpended vertically omd  the normal do dhe

plone of Hhe coil , makes an qna,)e_ & with the

cuvectiom of a uni hoiizontal” magnetic f{e)cl
of Oo'8T. Ib +he ,cxPe)ue_ncui ba, +he Col
e,qw:ds 036 N-m, find the velue of 8.

Number of twnt N = 20, Cwsent = 12 A

Maﬁnz,h'c fedd & = o8 T

TovQue = 0.96 N-m.
Tovque ex eiced by cuwwent camuing Coill in
ot espisrad b 3§73
= NITAR S\nb
0:96 T 20 X2 X10 “x 08 X3mB
5 - _0'%6 - 4L
ISP = .-_—L-S‘?_ >
Y = sn3t(1l = It
© & %) (1J = vadl.
A vyectan LUDF of coive ©Ff size 2:SOnxycm,

coﬁfc.sz'a steady cuwwant of LA. A sho wive
2_0 ' .
ng 2 A Cwouant 4 Kept nesn the Loop a»
Shown. T4 +he l.ooP amd  the oive are c.oplqncu;_,
find the (i) tovque qc-l:?ng on the loop omodl
(i) +he m itude and durection o fo'rce, on the
Loop olur Hhe cwvuent CA""’?’”& LoIve -

2SS Cw
e

2A AN
rLA l( y &m

2Cm




Sol Thene will be fovea of ativection behoen
Hhe muﬁra omd Hhe 4 Cm ,Lerng, arom of
Loop e shajw Coviductor.

Mo 2x2 x| -
x4y X0
4 (2x157%)

gXlo ! N

Fg =

af

'l

( towards stvo.la‘d wive. )
e

ce on other 4Cm @m Qflonp
awmy fm-m He sbrmahi Conductoy

Mo 2x2x1 -2
2 X &4 x|0
Fa 41 (4.5x152) &

-gy'm':lmzlj th

Fl =

= 2.5 x{o! N ( auasy, :from s'}ra.‘gki' w'rm)
(1) F, ond F, are of cUﬂv\mJ‘m
olo mot fo  Couple omd  henc

7577141.. T = 8
(;)) Net fofce_ o /Loof?

c«@ni{ude Hmfwc.

e

F = F - A (fowasds Stranighd w'rre)
F = 2x107 - 2.5€ x|57
F -

4.45 x10' N
The Afovce on +two bvanches of 9..no|> ane equad
m nitude., opposite in divection . hence Pray
bqlq:):e? each ,othe’iF ’



Mov'mg Coil (GALVANOMETER

Moving Cenl \vemometexr i av)  imShument e
detechory omd meosssement of small electric
Cwwunt ond Voltesje.

Prinaple -

'I+_<. mvrkma JK bcuaeo\ on Hae fad- +Hhat
t:ol«m Qa Ca 8 1S plqu_ol N a MQ-SVUDHC -kquO‘s
it experiences “a tbrqw.

Con.s'hruc.-hon-
8cxl\mﬂom-9-*€¥ Consist 015 a le kJi'Hn
mawn 'hdzns, wiuch ﬁru to wtate ebout a fixed
axis' In a unlgovm Yc(abal megmetic. Aeld.
Thest 4 a[mdwaal soft o Cove
cOhich increaser e s-i'ren Hy o)y the mognehc b\elcl
omd makes Hae 'i?dc' yadial.

Scale

Pointex —

] : W“/“~ \

\ Un‘g_ﬁrﬂ\ raclia)
Cove . Magnehe Held

Working -
e Whony e curnant -gows 'H\mu.éh Hu_ Coil, Q
tovque  acts on 1t. which Com be given “as

T = NIAR (sm6 = L)




Since  the Jlelel U vadial bU clczu'gn. So tve
have “daken S = 1 -
Thia ‘mo\5r\uh‘6. torque tende 4o votate +Hhe cotl-

‘The Spving Sp pwovides a counter ue Ko
+that balmee megnetic. Fovque  NIAR  omd vesudts
in < av\auiau-., ‘:?@b{ecﬁm P -

I e.c,u)l‘. "HumM -
K¢ = NIAB

COM{- K 1 the tovsional Constant ofy the SPs—?ng le.
rextoring torque  pex unit funst.

The echen @ Ui Indicatesl o +he SCeade
ba A pointer attaches +o Hhe st‘tna-
We have ¢ = (NBA )-;r_
K

Hence the oleffection produced js proportional o e current
j‘low}ng through the galvanometer.

Current Senitivity -

T4 2 depined at Hie epdechon Produucl m e
ﬂalva'nome:hv tohenry Q Unit Cudkdnt Klowos —H'\m-.«gh it .

[Cunrevd Sensifivity (Is) = i = Nl'iA

he wmit of Cuatendt sersifivity is vad.JA ox clivision/A .

Voltoge ch\b'nﬁv'at\l_—
I+ 20 defined ar Hhe duffection producd i Hhe

alvmomeder when a unit voHage is applied acvss the two
3+ouvfmals of +he (Ta.lvqnomder. i

rVoHo\ge. Sensifivity (V) = %‘z = _NBA

The Uit of voltege seuihvity is wad /v oY division/V




@.. NNJ, Showld -+he srh:lng_/sw,f:em;m to1ve Iim a
\\‘Sf:» MDV'l'ng Co'l aqj\lqnomdeﬁf *have low torsiomol
3 Ccomttant ?

Sol. Low tovsiomnal coustant facj,lHadrc reotey oletlechon
(x) in coil fox given valuz of Curr ano hence
.smu{ivrt:, of odvanometey [nCveosel .

Wearte Awo factore ba which cuyrerd Seniaﬁvl‘{;
% oj a aalmna_md'ev Can be tnereosed.
2°

Sel. Current .Sen/s'n-k'nv‘r}:a of akoomome:hgr Com be

Increosed by -

(1) Increw.'»'uﬂg the wmumber of +fwurs of corl
Giv) Iﬂcmu}ng_ He moﬁrm:)-i¢ Feld.

Waite 4wo factore b& which Voltage SEN;‘FW‘VQ

q L) ‘l- Y <
cose of moving  Col golvanometex Com be increased.

Sol- Voltege ‘Sené';-i-}v‘n-l:z of akoaﬂomel’ con be Jverecue
bé (L) Iv\crtplﬁma the majnzﬁc —fv'do’
() _Demreoé:\f\a_ tHhe value oJC torsiona) Constont.

2

\ Tre coile In cextain aodvqnomd-cr,kave a fmeol
F8s€ Cove made of a von - magnetic metallic moterial.
20

N does the osc)lla:HnJ coil GmMme 2o veat So qw'ddj
N “Such a Core?

Sl Due do eo‘o(:; cwrends  produced Im Gre which
Opposes the caude (. clefection of co1l ), that produces
LA . ;



Ammetey

® A ammeter ou a Aow
res)stana aa\mnom:}ex.

® I+ u wed o mearune
Hie Cvsent In Q@ eivewa
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0.1,

Sol:

0.2,

Three rings, each having equal radius R,
are placed mutually perpendicular to each
other and each having its centre at the

origin of coordinate system. If current I is

Jlowing through each ring then find the

magnitude of the magnetic field at the common
centre. R

B due to the ring lying
in XY-plane is I

7 e >
— 20 s - B |—"",+—— X
Wi SR along Z-axis. \
z
. . X ) "
B due to the ring lying in YZ-plane is B, = o0
along X-axis and B due to the ring lying in XZ-

,ul
2R

ol _ o
‘. Bnet = >R (1+]+k) = B, _, =/3 >R

planeis B, along Y-axis.

Two circular coils are made from a uniform
wire. The ratio of radii of circular coils are
2:3 and ratio of number of turns is 3:4. If
they are connected in parallel across a
battery.

(a) Find ratio of magnetic inductions at their

centres
(b) Findthe ratio magnetic moments of 2 coils.

Sol: When connected in parallel

2
r® B2 r; 2 4

bYM =ni A

coil

N
but1=E



= M = £ (71"‘,_3,,-1); M = -4 ¥ eoil
PR7rr.,,) P,X2

M, n 2

M, r 3 -

0O.3. 4 magnetic field of (4-0>< 107 /:T) T exerts a
Jorce (4-0; +3-0}) <107 Non a particle having
a charge 10 °C and moving in the x-y plane.
Find the velocity of the particle.
Sol: Magnetic force F,, =(4.0i +3.07)=x107"°N
Let velocity of the particle in x-y plane be
v=v.i+v, J.
Then from the relation 1?,,, =q (; > E)
(4.0? + 3.0;‘) x 107" =107 (vi+v,J)x(4x10°%) |
comparing the coefficient of 2 and ; we have,
4%<107"° = 4v, x 1072
s.v, =10°m /s =100m /s and
3.0<x107'"° = —4v_x10""
v, =—75m/s - v=-—75i+100;

x

Q4. A4 long straight conductor carrying a
current of 2A is in parallel to another
conductor of length 5cm and carrying a
current 3A4. They are separated by a distance
of 10cm. Calculate (a) B due to first conductor
at the location of second conductor (b) the
Jorce on the short conductor.

Sol. Given i, =2A4;i, =34

r =10cm =10%x10"2m;l, = Scm

a)B='u°ll=2><lO_7>< .

=4%10°°
p— 10x<10~2 . Tesla




HMoli,
F=—=x/¢
b) 2xr :
2x3

=2x10"7 x
10x10

- x5x1072 —6x1077 N

0Q.5. Agalvanometer of resistance 20Q) is shunted

by a 2Q) resistor. What part of the main
current flows through the galvanometer?

__S : 200§ —
Sol. £ =—"—. Given G =205 =2Q
i 21

o — > th . 4
P 22 11°11 part of current is passing

through galvanometer.

0Q.6. The resistance of galvanometer is 999Q).
A shunt of 12 is connected to it. If the

main current is 10> A, what is the current
Slowing through the galvanometer.

Sol. G=999Q.S=1Qi=1024; i =2

g

iy =i( = ):10-2{;):10-5,4
G+S 999 +1

Q7. A maximum current of 0.5mA can be
passed through a galvanometer of
resistance 20Q), Calculate the resistance to
be connected in series to convert it into a

voltmeter of range (0—5)V .

Sol. R=G(n—1),where n =V£

g

V=5V;V, =i,G=0.5%x10"°x20=10¥F
-.n =500 and R =20(500—-1)=9980Q2




