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MAGNETIC EFFECT OF CURRENT

KEY CONCEPT

The branch of physics which deals with the magnetism due to electric current or moving charge

(i.e. electric current isequivalent to the charges or electronsin motion) iscalled el ectromagnetism.
Biot-Savart L aw

Currents which arise due to the motion of charges are the source of magnetic fields. When charges

movein aconducting wire and produceacurrent |, themagnetic field a any point P dueto the current

can be cal culated by adding up the magnetic field contributions, dB , from small ssgmentsof thewire

ds (Figure).
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Figure:: Magnetic field dB at point P due to acurrent-carrying element Ids
These segments can be thought of as a vector quantity having a magnitude of the length of the
segment and pointing in the direction of the current flow. Theinfinitesmal current source can then be
writtenas |ds .

Let r denote asthe distance form the current sourceto thefield point Pand t the corresponding unit
vector. The Biot-Savart law gives an expression for the magnetic field contribution, dB, from the
current source, 1ds,
4B = Mo [dSxT
4 2
where |, isaconstant called the permeability of free space:

by = 4n x 107 T.m/A here Tedla(T) is Sl unitof B
Adding up these contributions to find the magnetic field at the point P requiresintegrating over the

CUI’I’GI’T[S)UI’CG,
3 ~_u_0| dsxr
B_de_4nj >
ld/x T

. According to dB = Z—O e direction of magnetic field vector dB isaways perpendicular tothe
TC

plane of vectors (1d7) and (T), whereplaneof (1d7) and (7) isthe plane of wire.
. Magnetic field on the axis of current carrying conductor isawayszero (6 =0° or 6 = 180°)
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RIGHT HAND THUMB RULE
Thisrule givesthe pattern of magnetic field linesdueto current carrying wire.

() Straight current (i) Circular current
Thumb — Inthedirection of current Curling fingers — Inthedirection of current,
Curling fingers — Givesfieldline pattern Thumb — Givesfield line pattern
Casel : wireinthe plane of the paper Casel : wireinthe plane of the paper
I
Magnetic
field lines +, : ACW W
O] ®
O : B
> Towards observer or |Away from the observer
perpendicular or perpendicular
out-wards inwards

Casell : Wireis_L to the plane of the paper. Casell : Wireis_L to the plane of the paper

TNy,
'/ /. e \k“ \‘ K /, i ~ Y ACW CW
.’.’."‘,‘.‘. s vyl @ ® @ @
I‘\ “‘\ ‘\\ ,"' c"' ,': “\ “‘\ \\ /" c". ,': > @ <
\\ \\:.___,»"'l ", \\ \’~ ~ 7 ", ,B I‘
ACW concentric & | CW concentric & Towards observer Away from the observer
circular field lines circular field lines

APPLICATION OF BIOT-SAVART LAW :
. Magneticfield surrounding athin straight current carrying conductor
AB isasdtraight conductor carrying current i from B to A.

At apoint P, whose perpendicular distance from AB isOP = g, ﬁ
the direction of field is perpendicular to the plane of paper, )
inwards (represented by across) .
¢ =atan® = dl = asec?0do...(i) argt,.. .
0 =90°—0 & r= asech /I RS
«  ByBiot-Savart’slaw :
ol oo
dB = ZO ! sma® (dueto acurrent element id¢ at point P)
T
.-
B
=B= JdB J“O ldfsina (duetowire AB) ..B = Hol JCOSOd@
r’
Taking limitsof integration as—¢, to ¢,
[T : ]
cos0do = sino sing, +sin
-[ 47ca[ ] b2 47ca[ b d)z] (inwards) o
Ex. Magnetlcfleld duetoinfinitelength wireat point 'P 1l o = o0t
Mol o o M
. = — + i
Sol. B, 4 [siN90° + sin90°] 0 —o0t
B “_OI T Oememeeeeer

P 2nd —®
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Ex. Magneticfidddueto semi infinitelengthwireat point 'P ® .
Sol. B = ol [sin6 + Sin90°] | 4
P 4nd g
o 0,=90°i
90 2 H
BP M :I'""'e';':::é:g];: P
L d -mmmmme- >
Ex. Magneticfield dueto specia semi infinitelengthwireat point '
Sol. B = ol [sin0° + sin90°]
© PP 4nd ) 5
90°  6,=90° _}
B = Mol M"-'L""'e';':'é'°“" *p
PT And D d=emeem- >
: : : . . . . U— o [ R
Ex. If point‘P liesout sidethelineof wirethen magneticfield at point ‘P : prrreaeaney S L P
: 0:2. ——————— éb‘_al 4
wl L e o
Sol. =20
" 4nd
[sin(90-a,)-sin(90-a,)] |
+a, '/
“OI \/'
= coso., — COoSa
4nd( 1 2) B
Ex. A currentcarryingwireintheform of 'V' dphabet iskept asshowninthefigure. Magneticfiedintendty at
point Pwhichliesontheangular bisector of V is P
(A) 4 - [1 cosa] [1 cosa]
TT
woi [1-cosal woi [1—cosa]
© 4mr,  Sino (D) 2nr,  Sna
Ans. (D) o0
Sol. By usngformulafor sragithwirei.e.
pol /. .
B= sin@, +sn0O
47cd( ! 2)
B= 2|: H0| (S n90°—sin (900 _ (X)):| ..)n ............. (x .‘C::'.' .........................................................
4nr,Sino v 2
I smoc 4

Hol

= —[1-cosa]
2nr, sSino
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(b)

©

(d)

Magneticfield duetoaloop of current
Magnetic field linesdue to aloop of wire are shown inthefigure

The direction of magnetic field on the axis of current loop can be determined by right hand thumb
rule. If fingers of right hand are curled in thedirection of current, thestretched thumbisinthedirection
of magneticfield.

Calculation of magneticfield

Consider acurrent loop placed iny-z plane carrying currenti in

A z-axis

anticlockwise sense asseen from positive x-axis. Dueto asmall ! y-axis
current element jd¢ showninthefigure, the magneticfield at P N v
id¢sin90° ’
isgiven by dB:ﬁ—z, ~~~~~ .
4n r

The angle between jd7 and¥ is 90° because id/ is along y-axis,

whileT liesin x-z plane. Thedirection of gB isperpendicularto T as

shown. The vector dB can be resolved into two components, dBcosd

along z-axisand dB sin6 along x-axis.

For any two diametrically opposite current elements, the components along x-axisadd up, whilethe
other two components cancel out. Therefore, the field at P is due to x-component of field only.

Hence, we have z-axi‘s
A
i 2 dBcos6 N
|3:b—'><2’TR3/2 (--r: R2+x2)
4n (R*+ xz)
_ _ Bl
Atthecentre, x=0,B_ = R )
dBsing <X
. 3/2 . 2
: Wl x? _ Wl 3x
At pointsvery closeto centre, X <<R = B = =2-| 1+ — =—1-
P 4 R ( sz 2 ( 2R?
: ¢ 2nR?
At pointsfar off from the centre, x >R = B = %2—3
TC
. : : L, 2M
Theresultin point (c) isalso expressed asB = i~

whereM = ¢/xtR?  iscalled magnetic dipole moment.
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Find themagnetic field at the centre of acurrent carrying conductor bent intheform of anarc subtending
angle p atitscentre. Radiusof thearcisR.

Let thearcliein x-y planewithits centre at the origin. AY&S

Consider asmall current element id/ as shown.
Thefield dueto thiselement at the centreis \

_ Y id¢Sin90°

dB 4r R?

( id/ and R are perpendi cular)

iRd i
Now d/ =Rdp - dB="° de):‘dB: o Ly

» X-axis

Thedirection of field isoutward perpendicular to plane of paper

0

. _ Cp_ Ml d=“_0ie__uoi
Total magnetlcfleIdB—J dB”B_4nR _([ b 4nR[¢]O L B= 4nR9

Find themagnetic field at the centre of acurrent carrying conductor bent intheform of anarc subtending
angle o, and a., at the centre.
Magnetic field at the centre of arc abc and adc wire of circuit loop

_ Bl B;abc_ 0

00,

ol 04
B, =M% -
abe 4mr and Bae 4mr B

I _aclength o 0
NI radius o, 4

By (f_j (f_j B, 1
) Badc - gl ZZ = qu_l

Calculatethefield at the centre of asemi-circular wire of radiusR in situations depicted in figure (i),
(it) and (iii) if the straight wireisof infinitelength.

y -

Y—

(ii) o (iii)
The magneticfield dueto astraight current carring wire of infinitelength, for apoint at adistance R

Mol
4R

from oneof itsendsiszeroif thepoint isa ong itslength and if thepointison alineperpendicular

I
to itslength while at the centre of a semicircular coil is Z_OR so net magnetic field at the centre of

- - -

N
semicircular wireis Br = Ba+ By + Be
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Ex.

Sol.

Ex.

Ans.

Sol.

o |
i B = —® +0=
(i) B, =0+ 4 R 0= 4R ®(|ntothepage)
. Ho | Ho | Ho |
=———0+—=0+—=-0= +
(i) By ir R 4R ir R 4 R [n 2] o (out of the page)
_ b Ho | Mo b Ho | :
—0O +— + —[rn -
(iii) B, = IR 2 R@ iR R[n 2]® (into the page)
A long wirebent asshown inthefigurecarriescurrent 1. If the Za I
radius of the semi-circular portionis"a' then find the magnetic /\\
induction at the centre C. o} 8 Y
Dueto semi circular part ) /I/ C |
X

= H_ol 2 &

B, = 4a( |)
dueto parallel partsof currents

Hol = = Hol = Mol 1
B, = 2x k = =2 (-i) + =2>(-k
X (k) B =B = B +B, = .2 (-) + 2 (-K)

I
magnitude of resultant field B = ,/B? + B2 = %‘\/n2+4

A thininsulated wire forms aplane spiral of N = 100 tight turns
carryingacurrent] =8 mA. Theradii of insde and outsdeturns
(Fig.) areequal to a=50 mmand b = 100 mm.

Find the magneticinduction at the centre of the spiral;

_ Ko INIn (b/a)
B= 2(b-a)

From Biot-Savart's law, the magnetic induction due to a circular current carrying wire loop at its
centreisgiven by,

=7uT,

ﬁ

2r

The plane spiral ismade up of concentric circular loops, having different radii, varying fromato b.
Therefore, the total magnetic induction at the centre,

B_

_ [Ho
B,= | dN

where %i is the contribution of one turn of radiusr and dN is the number of turnsin the interval

(r,r+dr).

dN= - d
i.e =p_ar

Substituting in equation (1) and integrating the result over r between aand b, we obtain,

j)' i _ Ho'N b
2r (b a) = 2(b- a)

a
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AMPERE'S CIRCUITAL LAW

Ampere'scircuital law statethat lineintegral of themagneticfield
around any closed path in free space or vacuum isequal to p,
times of net current or total current which crossing through the

ACW
circulation

. o o % Positive
area bounded by the closed path. Mathematically cﬁ B.dl¢=p,2l Sl=(1,-1,+1) ® Negative
Thislaw independent of size and shape of the closed path.

Any current outside the closed path is not included in writing the right hand side of law

Note:

Thislaw suitablefor infinitelong and symmetrica current distribution.

Radiusof crosssection of thick cylinderical conductor and current density must be given to apply this
law.

APPLICATION OF AMPERE'S CIRCUITAL LAW

Magneticfield duetoinfinitelongthin current carrying straight conductor
Consider acircle of radius'r'. Let XY be the small element of length d¢. B and d7 arein the same
direction because direction of along the tangent of thecircle. By A.C.L.

cj}B.d? = Pl ,gj}Bdg cosO =p,l (where® =0 .

H.::--[..-.,O ) 5
" V%
$Bdlcos0°=p,l = B di=p,l (where ¢dr=2nr) ACW"\..______?.(-V(Q/'/
|
Hol +
= B=—2
B (2nr) = pol = ot g
Magneticfield duetoinfinitelong solid cylinderical conductor 8 )
For apoint inside the cylinder r <R, Current from areanR2is= | 1
| 1§ p
so current from areanr2 is= —5 (r’) = — <<)§3
nR R = .
By Amperecircuital law for circular path 1 of radiusr
, | r? wolr

For apoint on the axis of the cylinder (r=0); B, =0
For apoint on the surface of cylinder (r =R)
By Amperecircuital law for circular path 2 of radiusR

I
B.(2nR) =pol =>B,= ;I—OR (it is maximum)

For apoint outside the cylinder (r>R):-
By Ampere circuital law for circular path 3 of radiusr

I 1
Bt @nr)=pgl = B, = ;_Tocr = By, o< T

Magnetic field outsde the cylinderical conductor does not depend upon nature
(thick/thin or solid/hollow) of the conductor aswell asitsradiusof crosssection.
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. Magneticfield duetoinfinitelong hollow cylinderical conductor

. For apoint at adistancer suchthat r<a<b B, =0
. For apoint at adistancer suchthata<r<b

r’—a

2
B,(2nr) =g I' = By(2nr) =Kol (mj

r = a (inner surface) = B,=0
2 2
B _ Bol (1 —a
2 onr| b2 -& ul
r = b (outer surface) = B, = 5= (maximum)

2nb
I
. For apoint at adistancer suchthatr >b>a, B, (2rr) = ol = B; = ;_rocr
«  Forapoint a theaxisof cylinderr=0 Bais =0 Cross sectional
view
Magneticfield at specific postionsfor thin hollow cylinderical conductor
Atpointl B;=0
| N\
: My .
Atpoint2 B, = >R (maximum) [outer surface] and 2 3.
B, = 0 (minimum) [inner surface]
B
| P\ Bout<
Atpoint3 Bj= ;_rocr (for the point on axis B, =0)
i .
r=0 r=R

Ex. Non-Uniform Current Densty : Consider an infinitely long, cylindrical conductor of radius R
carrying acurrent | with anon-uniform current density J= ar
where o isaconstant. Find the magnetic field everywhere.

Y

Figure: Non-uniform current density

Solution :
The problem can be solved by using the Ampere' slaw:

§B-d§ = Holene
Wherethe enclosed current | . isgiven by
lgpe = 3 - dA = [ (ar')(2mr'dr)
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2nard

.
(@ Forr<R,theenclosedcurrentis | .= JZnar'z dr'=
0

Applying Ampere'slaw, the magnetic field at P, isgiven by

_ OHo 2
orB, = 3 r

2 3
B, (2nr) = 2T

Thedirection of the magnetic field [3,1 istangential to the Amperian loop which enclosesthe currect.

2naR®

(b) Forr>R,theenclosed currentis: |

R
— JZnaerF:
enc 0

L 2uomoR®
whichyields B,(2nr) = %
Thus, the magnetic field at a point P, outside the conductor is;

auOR3
3r
A plot of B asafunction of risshowninfigure.

B,=

B

au,R’?
3

Figure: The magnetic field asafunction of distance away from the conductor

Magneticfield dueto an infinite plane sheet of current

dBsind
A
oo, P
0%, o ,dBcosd
—>dBcosH
A A A A g
r
TS xaxis |
— X —p— X —> dBsind

Aninfinite sheet of current liesin x-z plane, carrying current along-z axis. Thefield at any point Pon
y isaong aline parallel to x-z plane. We can take a rectangular amperian loop as shown. If you
traversetheloop in clockwisedirection, inward current will be positive.
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By Ampere circuital law, cﬁ B.d/ = iyl g o)
PQRS
Let 5 representscurrent per unit length.

The current enclosed isgivenby 7, _=Aa

Now, Pgisé.dz: PjQ B.dl+ QjR B.dl+ JSB.dh SjR B.d/

Now, dee de@ OasB_lds
QR

Also, [ Bdi+ [Bdi = 2><B><a(as Blld'é) - 2Bxa=pha— B:%
PQ RS

MAGNETIC FIELD DUE TO SOLENOID
It isacoil which haslength and used to produce uniform magnetic field of long range. It consistsa
conducting wirewhichistightly wound over acylinderica frameintheform of helix. All the adjacent
turnsareelectricdly insulated to each other. The magnetic field at apoint on the axisof asolenoid can
be obtained by superposition of field due to large number of identical circular turns having their
centres on the axis of solenoid.
Magneticfield dueto along solenoid
A solenoid isatightly wound helical coil of wire. If length of solenoid islarge, as compared to its
radius, then in the central region of the solenoid, a reasonably uniform magnetic field is present.
Figure shows a part of long solenoid with number of turns/length n.We can find the field by using
Amperecircuital law.

Consider arectangular loop ABCD. For thisloop (JS B.d/ =p,i,,

ABCD
Now \
cJSBdé <'|'>Bd€+<.ﬁBd€+<.|.>Bd€+<.|SBd€ Bxa ' }

ABCD

Thisis because CJS B.d/ = CJS Bd/=0,BLdl,
AB CD

And, <j> Bd/=0

(-~ B outsidethesolenoidisnegligible

NOW, e =

nxa)xi s=Bxa=p,(nxaxi
0

= B=p,ni

Finitelength solenoid :
Itslength and diameter are comparable. By the concept of BSL

magneticfield at theaxial point 'P obtained as: / @@irrm rrocr'cpo-\
~ 8 .
H _‘\{ | 9?‘(,{9% """"" ( ' \\(uniform)
B, = 02 (cosB, — cosH,) B Y \(E
Angle 6, and 6, both measured in same sense from the axis of End| End-1I

the solenoid to end vectors.
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I nfinitelength solenoid :

@)

(b)

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Itslength very large as compared to its diameter i.e. ends of solenoid tendsto infinity.
Magneticfield at axial point which iswell insdethe solenoid

Hon
2
Magneticfield at both axial end pointsof solenoid

I ni
6,=0°and 0,=180°= B = [cos 0° —c0s180°] = “OT [(1) — (D] =p,nl

ni nl ni
= 2~ [c0s 90° —cos 180°] = = 2= 1(0)— (D) :“OT
Thelength of solenoidis0.1m. and itsdiameter isvery small. A wireiswound over it intwo layers.
The number of turnsininner layer is50 and that of outer layer is40. The strength of current flowing
intwo layers in oppositedirectionis3A. Then find magneticinduction at the middle of the solenoid.
Direction of magnetic field dueto both layersisopposite, asdirection of current isopposite so

0,= 90° and 0,=180° = B =

2

N
Bret = B1 =By = oy 1‘“0”2'2:“071| o, (1 =1=1)

I 4n x107 x 3
= “Tj’ (N, —N,) = % (50— 40) = 127 x 105 T
Find out magneticfield at axial point ‘P’ of solenoid showninfigure
(whereturndensity ‘n” and current throughitist) == a
Magnetic field at point ‘P’ dueto finite length solenoid [ \ 30°  Tersn 607 \

HoNl
2

where 6, = 30° (CW),

Bp= [cos 6, —cos0,],

2 -

ot B (3]

Inside along straight uniform wire of round cross-section there is along round cylindrical cavity

o o o “Onl o o end @ ~~~~~ 0 ] end@
0, = (180°-60°) = 120° (CW) = [cos 30°~cos 120°] Oe e f'\s\eo)

whose axisis paralléel to the axis of the wire and displaced from the latter by adistancel. A direct
current of densdity j flowsaong the wire. Find themagnetic induction insde the cavity. Consider, in
particular, thecasel = 0.

We can think of the given current which will be assumed uniform, as arising due to a negative
current, flowing in the cavity, superimposed on the true current, everywhere including the cavity.
Then from the previous problem, by superposition

B 25
B:E“OJX(AP_BP):E“OJXK %

If 7 vanishes sothat the cavity is concentric with the conductor,
thereisno magnetic field inthe cavity.
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Ex. Aninfinitecurrent carrying conductor, pardle to z-axisissituated at point Passhowninthefigure. Vaue

B b d
of'[ B.d¢ sglvenbyOL— thenfill thevalueof o.in OMR sheet ?
A
v
0.2
e B~ S OV
0.0): (43,0 B X
Ans. 4
Sol. d/ =d(atan®) = asec?0do. (
i 0
B= M—Olcose
2na
. B
Z [ nj‘4 T Ho 0
~ [Bar=[7 oa = 2n J 2n 12 24 o

ola

MOTION OF A CHARGED PARTICLE IN A MAGNETIC FIELD
Motion of acharged particlewhen it ismoving collinear with thefield magnetic field isnot affected
by thefield (i.e. if motionisjust along or opposite to magnetic field) (-.- F=0). Thefollowing two
casesarepossible:

. Casel:
When the charged particleismoving perpendicular to thefield.
Theanglebetween g and y 1s6=90°. Sotheforcewill bemaximum (= qvB) and always perpendicular
to motion (and also field); Hencethe charged particle will moveaong acircular path (withits plane

2

= VB =m
Qvb = r m

mv
perpendicular to thefield). Centripetal forceisprovided by theforceqvB, So

v 0B
Angular frequency of circular motion, called cyclotron or gyro-frequency. o = ' %

2 m
and the time period, T = f = an_B i.e., time period (or frequency) is independent of speed of

particleand radius of theorbit. Time period depends only onthefield B and the nature of the particle,
i.e., specific charge (a/m) of the particle.

Thisprinciple has been used in alarge number of devices such as cyclotron (aparticle accelerator),
bubble-chamber (aparticle detector) or mass-spectrometer etc.

Notethat T:B isalwaysperpendicularto v and B, and cannot changethe particle’ s speed v (and thus
thekinetic energy). In other words, magnetic force cannot speed up or low down acharged particle.

Consequently, T:B can do no work on the particle:

dW = Fy «dS = q(Vx B) » Vdt = q(Vx V)¢ Bdt =0
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* Case Il : o _ _ vsin®  Helical Path
The charged particleismoving at an angle 6 to thefield : ' 5
(0 % 0°, 90° or 180°) WAVAVATR S
Resolving the velocity of the particle along and perpendicular to Voo T T3 e
the field. The particle moveswith constant vel ocity v cos6 along } } j
thefied =p—

(-~ noforce actson acharged particle when it moves parallel to thefield).
And at the sametimeit isaso moving with velocity v sne perpendicul ar to thefield dueto which it
will describe acircle (in aplane perpendicular to thefield)
Radius of the circular path 1= ) ond Time period T = —20— = o
iusof thecircular path r = 4B and Time perio = Vsno ~ B
So the resultant path will beahelix withitsaxisparallel to thefield g asshowninfig.
The pitch p of the helix = linear distance travelled in onerotation p = T(vcoso) = %(V cos0)

Ex. An electron emitted by a heated cathode and accelerated through a potential difference of 2.0 kV
entersaregion with uniform magnetic field of 0.15 T. Determine the radius of the trgjectory of the
electronif thefieldis—

(a) Transversetoitsinitial velocity (b) Makesan angle of 30° with theinitial velocity

[Given: m,=9x 103! kq]
ol Loy ye |28 _\/2><1.6><1019><2><103 8 g
2 “\'m 9x10°* 3

) mv _ 9x 10’31><(8/3)><107 .

(a) Radiusr, = OB = 16210 °x015 - 10°m=1mm
_ mvsino _ o 1

(b) Radiusr, = B r,sind =1x sin30° =1 x 5= 0.5mm

Ex. A neutron, aproton, an electron an a-particle enter aregion of constant % % % %
magnetic field with equal velocities. The magnetic field is along the B~_x | x «
inwards normal to the plane of the paper. Thetracksof the particlesare A y y
showninfig. Relatethetracksto the particles. 8 > <

Sol. Forceonacharged particlein magnetic field E=q(VxB) I D.

For neutron g =0, F = 0 henceit will pass undeflected.
i.e., tracks C correspondsto neutron.

If the particleisnegatively charged, i.e. electron. F = —e(V x B)

It will experienceaforceto theright; sotrack D correspondsto electron.

If the charge on particle is positive. It will experience a force to the left; so both tracks A and B
correspondsto positively charged particles(i.e., protonsand a-particles). When motion of charged
particle perpendicular to the magnetic field the pathisacirclewith radius

v . m m :(4_”‘} . (m m m m
r= ) i.e. q and as qa). 2 Wh”e(ajp:?: q q> a),

Sor > r= track B to a-particle and A correspondsto proton.
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Ex. A beamof protonswith velocity 4 x 10° m/sentersauniform magneticfield of 0.3tedlaat an angleof 60°
tothemagneticfield. Find theradiusof thehelica path taken by the proton beam. Also find the pitch of

helix. Massof proton=1.67x 10?’kg.

Sol. Radiusof helix r= mv.Sn®

(..component of velocity L tofieldisvsing)

(1.67><10_27)(4><105)\/§ 2 v
= 2 - ﬁ x 10?m=1.2cm

(1.6x10719)0.3

2nr
vsno

Again, pitchp=vcosd x T (where T = )

Vv c0SO x 27r o , -2
_ .>< o cos60 ><2.TC><(1 2x10 ):4.35>< 10°m = 4.35em
vsino sin60°

Ex. Theregionbetwenx =0and x = L isfilled with uniform, steady magnetic field Boﬁ . A particle of

mass m, positive charge g and velocity vof travelsalong X-axis and enters the region of magnetic

field. Neglect thegravity throughout the question.

(@ Findthe value of L if the particle emerges from the region of magnetic field with its final
velocity at anangle 30° toitsinitial velocity.

(b) Findthefina velocity of theparticleand thetime spent by itinthe magneticfield, if themagnetic
field now extendsupto 2.1 L.

Sol. (@ Theparticleismovingwithvelocity vo? , perpendicular to

magnetic field BOE . Hencethe particlewill move aong x=0)
mvg D
acircular arc OA of radiusr= 5
aBo
Let the particle leavethe magneticfield at A. C
From ACDA, sin60° = 2 =L _ | = rngor=t - | = 0
rom , SiNB0° = == =L =rsin30°=7 .. = 208,

(b) Asthemagneticfield extendsupto2.1L i.e., L >2r,
so the particlecompletes half cycle beforeleaving the magnetic
field, asshowninfigure.
The magnetic field isaways perpendicular to velocity vector,
therefore themagnitude of velocity will remain the same.

nr mm

- Final velocity = v (i) =—vgi Timespentin magnetic field= E = a
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Ex. A charged sohere of massm and charge q startssliding from rest on avertical
fixed circular track of radius R from the position as shown in figure. There
existsauniform and constant horizontal magnetic field of induction B. Find

Sol.

Ex.

Ans.

Sol.

the maximum force exerted by the track on the sphere.

Magnetic forceon sphere F_ = qvB (directed radially outward)

2

. mv
" N-mgsin6—qvB = R

2

= N= +mgsno+qvB

2mgR
R

Hence, at 0 = n/2wegetN__ =

m

+mg + gB./2gR =3mg + gB,/2gR

A particle of charge g and mass m starts moving from the origin under the action of an electric field

E =E,i andmagneticfield B = B,i withvelodity v = v, ] . Thespeed of the particlewill become 2v,

after atime:-

2mv, 2Bq J3Bg V3 my,
(A)t=" ¢ (B)t= ©t= " (O)t=—_g
(D)
Charged particlewill moveinaHelical path.
F=qE+quxB
_ gEi . . .
a = —— thispart will increase x component of velocity

+
qvy,xB : . , . :
m (iny-z plane) thisterm will provide centripetal acceleration.
v - %
m
V=4V +V;
2

qE
2v, = (Htj +V2
J3v, = %,

m

_am,
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(1) Velocity Selector :
Inthe presence of both electricfield g and magneticfield g, thetota forceon acharged particleis

F=q(E+VxB)
Thisis known as the Lorentz force. By combining the two fields, particles which move with a

certain velocity can be selected. Thiswasthe principle used by J. J. Thomson to measure the charge-
to-massratio of the e ectrons. In Figurethe schematic diagram of Thomson’ sapparatusis depicted.

Figure: Thomson’ s apparatus
The electrons with charge q = —e and mass mare emitted from the cathode C and then accel erated
toward dit A. Let the potential difference between A and C be V, — V= AV. The change in
potential energy isequal to the external work donein accelerating the electrons: AU =W, = gAV
= —eAV. By energy conservation, thekinetic energy gained isAK =-AU = mvZ/2. Thus, the speed
of the electronsisgiven by

2eAV
V=
V m

If the electronsfurther passthrough aregion where there existsadownward uniform eectric field,
the electrons, being negatively charged, will be deflected upward. However, if in addition to the
eectricfield, amagnetic field directed into the pageisa so applied, then the dectronswill experience

an additional downward magnetic force _ gy x B - Whenthetwo forcesexactly cancel, the electrons

will movein asraight path. From Eq., we see that when the condition for the cancellation of the
two forcesis given by eE = evB. whichimplies

V:E

In other words, only those particles with speed v = E / B will be able to move in astraight line.
Combining the two equations, we obtain
e E?

m ~ 2(AV)B?
By measuring E, AV and B, the charge-to-mass ratio can be readily determined. The most precise
measurement to dateis e/m = 1.758820174(71) x 10* C/kg.

(2) M ass Spectrometer :
V arious methods can be used to measure the mass of an atom. One possibility isthrough the use of
amass spectrometer. Thebasic feature of aBainbridge mass spectrometer isillustrated in Figure. A
particle carrying acharge +qisfirst sent through aveocity selector.
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X X X )(’x')f—’(:)}:( X X X X X go
XX X KX X X RX XXX X
x % X' x % XN X % % x x x x
roxppe xpfx
EX XIE X1 X g
Figure: A Bainbridge mass spectrometer
The applied electric and magnetic fields satisfy the relation E = vB so that the trgjectory of the
particleisastraight line. Upon entering aregion whereasecond magnetic fidld B, pointingintothe
page has been applied, the particle will movein acircular path with radiusr and eventually strike
the photographic plate. Using EqQ., we have
_mv
aBy
Sincev = E/B, the mass of the particle can be written as
B B
m= qBor _ 9B,Br
% E
Ex.  Particle Awith charge g and mass m, and particle B with charge 2q and mass m, are accelerated
from rest by apotential difference AV, and subsequently deflected by auniform magnetic field into
semicircular paths. Theradii of thetrgectoriesby particle Aand B are Rand 2R, respectively. The
direction of the magnetic field is perpendicular to the velocity of the particle. What is their mass
ratio?
Sol.  Thekinetic energy gained by the chargesisequal to

1
3 mv2 = gAV

. . 20AV
whichyields vV = o

The charges movein semicircles, since the magnetic force pointsradially inward and providesthe
source of thecentripetal force:

mv?

=qvB
Theradius of the circle can bereadily obtained as:

mv m 2gav 1 [2mAv
"B BV m B\ q

which showsthat r is proportional to (m/g)Y2. The massratio can then be obtained from

Ta _ (ma/ga)'’? N R (ma/q)t'?
s (mB/Q|3)1/2 2R (mB/ZQ)U2

m

A PRLLLY- N |
which gives m, 8
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Ans.

Sol.

A proton accelerated by apotentia differenceV =500kV fliesthrougha
uniform transverse magnetic field with induction B = 0.51 T. The
field occupies aregion of spaced = 10 cmin thickness (Fig.). Find
the angleathrough whichthe proton deviatesfromtheinitial direction
of itsmotion.

a=arcsin|dB |3 |=30°
2mV
Fromthefigure,

o4 _de
SanL—R = mv

mv
Asradiusof thearcR = 4B
Frominitia condition of the problem,

1 29V
qV:Emv2 or,v= v

where v isthe velocity of the particle, when it entersinto the field.

dgB
Hence, sin o, = my2qV/m =dB

q
anda=sin?! (dB mj = 30°, on putting the values.

CURRENT CARRYING CONDUCTOR IN MAGNETIC FIELD

When a current carrying conductor placed in magnetic field, a magnetic force exerts on each free
electron which are present insde the conductor. The resultant of theseforceson all the free dectrons
is called magneticforce on conductor.

Magneticforceon current element

Through experiments Ampere established that when current

S

o
o~

Cw
element 1 d? is placed in magnetic field B, it experiences a dF. 0 B
(external)
magneticforce dF, = | (d7 x B)

Current element in amagnetic field does not experience any force if the current in it is parallel or
anti—parallel withthefield® =0° or 180°

dF_=0(min.)
Current element in amagnetic field experiences maximum forceif the current init is perpendicular
withthefield 6 = 90°

dF_=BId/(max.)
Magnetic force on current element isaways perpendicular to the current e ement vector and magnetic

fiddvector. dF, L1d7and dF, 1 B (dways)
Total magnetic forceon straight current carrying conductor in uniform magnetic field given as

Fm = m =

F Jdﬁ“dz}-lxé,ﬁmﬁ(txé) .
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¢
f -
Where L = J d?, vector sum of dl length dementsfrominitial tofind point, whichisin accordancewith
thelaw of vector additionand | L | = length of the condutor.
. Total magnetic forceon arbitrary shape current carrying conductor in uniform magnetic field B is
f f |
[ = 7 D = " =4 — HH Final
!dFm '“dé}x B.E, = I(L xB) (L=ab) L G e S
Where L = _[: d? , vector sumof all length elementsfrominitial tofina point or displacement between
freeendsof anarbitrary conducter frominitial to final point.
. A current carrying closed loop (or coil) of any shape placed in uniform magnetic field then no net
magnetic force act onit (Torque may or may not be zero)
N [
L = _[:d? =0 or cﬁdé =0
i=f
So net magnetic force acting on acurrent carrying closed loop F, = 0 (always)
. When acurrent carrying closed loop (or cail) of any shapeplaced in non uniform magnetic field then
net magnetic forceisawaysactsonit (Torque may or may not be zero)
Ex. : Magnetic Forceon a Semi-Circular L oop
Consider aclosed semi-circular loop lying in the xy plane carrying acurrent | in the counterclockwise
direction, asshownin Figure.
i
B
|/ / \ a3 |
o/ \
< ) >X
__I’
Figure8.3.6 Semi-circular loop carrying acurrent |
A uniform magnetic field pointing in the +y direction is gpplied. Find the magnetic force acting on
the straight segment and the semicircular arc.
Sol. Let B=B]j and F, and F, the forces acting on the straight segment and the semicircular parts,

respectively. Using Eg. and noting that thelength of the straight segment is 2R, themagneticforce
is
F, = I(2Ri) x (Bj) = 2IRBk
where | isdirected out of the page.
Toevduate T:Z , wefirst notethat the differentia length element ds onthesemicircle can bewritten

as ds = ds0 = RdO(—sin i + cos j) - Theforce acting on the length element is 5 is:
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

d5 = 1d§ x B = IRAO(—sin i + cos 0j) x (Bj) = —IBR sin 0dok
Herewe seethat dT:Z pointsinto the page. Integrating over the entire semi-circular arc, we have
Thus, the net force acting on the semi-circular wireis

Froi =R+ =0
Thisisconsstent from our previous claim that the net magnetic force acting on a closed current-

carrying loop must be zero.
A wirebent asshowninfig carriesacurrenti andisplacedina

uniform field of magnetic induction B that emerges from the

plane of thefigure. Calculate theforce acting on thewire.

Thetotal force onthewholewireis

F =1lLB=I(R+2R+R)B=4RIB

A metal rod of mass 10 gm and length 25 cm is suspended on two springs as I

shown infigure. The springsare extended by 4 cm. Whena20 amperecurrent  * N K
X

passesthrough therodit risesby 1 cm. Determine the magnetic field assuming k
acceleration dueto gravity to be 10 m/s?. T
Lettensionineach springis=T,

Initially therod will beinequilibriumif 2T =Mg

then T, = kx, (i)

Now when the current | is passed through therod it will experience aforce
F=BIL verticaly up; sointhissituation for itsequilibrium,

2T +BIL =Mg with T =kx ...(ii) (x=4-1=3cm)
. ... I Mg-BIL
Sof . deq.(ii) —=———"
rom eg. (i) and eq.(ii) T Mg
x_,_BlL
Xo Mg

Mg(X,=X)  10x10°x10x3x107

= = 2
ILx, 20x25x10 2 xdx102 _ 12X 07T

=B=

Two conducting railsare connected to asource of em.f. and formaninclineas
shown in fig. A bar of mass 50 g slides without friction down the incline
through avertical magnetic field B. If the length of the bar is50 cm and a
current of 2.5 A isprovided by the battery, for what value of B will the bar
dideat aconstant velocity ?[g =10 m/s?]

Force on current carryingwire F = BIL

Therod will move down the plane with constant velocity only if R P
_ . _ . ’7700&& ",4 R
FcosO=mgsin® = BIL cos6 =mgsin® I o
B e N
or B_mgtane_50><10 X10X§—03T L T EmgN
" PTL T 25x50x10%° 4 EESRERERETEE T N
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Ex. A wireabcdef with each sdeof length'/' bent asshowninfigureand carrying

acurrent|l isplaced inauniformmagneticfield B pardld to+y direction.What is
theforce experienced by thewire.

Sol.  Magnetic force onwire abcdef in uniform magnetic fieldis F, =1 (L xB),
L isdisplacement between free endsof the conductor frominitial to
final point. L =(¢)i and B=(B) |
F =1(LxB) =BIL (i x j) =Bl¢(k) =BI¢, dong +z direction

MAGNETIC FORCE BETWEEN TWO PARALLEL CURRENT CARRYING CONDUCTORS
Like currents unlike currents
1 2 1 2
t#Attracton(%lz } Repulsion %Iz
B, B, dF,, B, B, dF,,
dF, dr,,
€ mm———— d-mmme--- > € mm——— d-------- >

The net magnetic force actson acurrent carrying conductor dueto itsown field iszero. So consider
twoinfinitelong parallel conductors separated by distence'd' carrying currents|, and 1.,

I
Magnetic field at each point on conductor (ii) dueto current | isB, = ;Ota
[uniform field for conductor (2)]
I
Magnetic field at each point on conductor (i) dueto curent |, is B, = ;;é

[Uniform field for conductor (1)]
consider a small element of length 'd¢' on each conductor. These elements are right angle to the
external magnetic field, so magnetic force experienced by elements of each conductor given as

I :

dF,=B,).dr= (;jt_éj |, d¢ (1) (Wherel d¢ L B,)
I .

dF,, =B,ldr= (—;jr(lzlj |, d¢ .. (i) (Wherel,d¢ L B)

Where dF_, is magnetic force on element of conductor (i), due field of conductor (i) and dF,, is
magnetic force on dement of conductor (ii), dueto field of conductor (i).
dR, dRy, _ Holyl

d/ d¢ = 2nd

Magnetic force per unit length of each conductor is

wl | _ 21,1
f= ﬁ N/m (inS.l.) f= =% dynelem (InC.G.S)
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Definition of ampere:
Magnetic force/unit length for both infinite length conductor givesas

Ml (4nx10)(D)(@) ,
“2rd T 2n)  2x107Nm 1] bia
'‘Ampere' is the current which, when passed through each of two parallel

infinitelong straight conductorsplaced in free space a adistance of 1 mfrom
each other, produces between them aforce of 2 x 10-" N/m

[l L
. Forcescde f = L;’nldz isapplicable when at |east one conductor must be of [
infinite length so it behaves like source of uniform magnetic field for other " Ik
conductor.
e d ------- >
Magnetic force on conductor 'LN'is F , =fx /= F, = (%}é (source) \
T

TorqueonaCurrent Loop :
What happens when we place arectangular loop carrying acurrent | in the xy plane and switch on

auniform magnetic field g - gj which runs parallel to the plane of the loop, as shown in Figure

@7

@ «— F I_:::O@<—|
/ 7 . 7 .
v/ / z ® R

/ @/ s y 4 B
/ /
® X @ F=0 IF
I« b »

Figure: (a) A rectangular current loop placed in auniform magnetic field.
(b) The magnetic forces acting on sides 2 and 4.

From Eq., we see the magnetic forces acting on sides 1 and 3 vanish because the length vectors

7, =—bi and 7, =bi are parallel and anti-parallel to g and their cross products vanish. On the
other hand, the magnetic forces acting on segments 2 and 4 are non-vanishing:

F, = I(-aj) x (Bi) = laBk
F, = 1(aj) x (Bi) = —laBk

with I*:2 pointing out of the pageand F:4 intothe page. Thus, the net force on therectangular loopis
Fo=R+F+FR+F =0

as expected. Even though the net force on the loop vanishes, the forces T:Z and F:4 will produce a

torque which causes the loop to rotate about the y-axis (Figure). The torque with respect to the
center of theloopis
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t= (—gijx F, +(gijx(|a8ﬁ+[gijx - |aBR)J

labB labB ) . A -
=| 75 "5 ]i=1abBj=1ABj

where A = ab represents the area of the loop and the positive sign indicates that the rotation is

clockwise about they-axis. It isconvenient to introduce theareavector A = Ai where fi isaunit
vector inthedirection normal to the plane of theloop. The direction of the positive senseof n isset

by the conventional right-hand rule. In our case, we have h = +k . The above expresson for torque
can then be rewritten as

T=1AxB
Notice that the magnitude of the torqueisat amaximum when g isparallel to the plane of theloop

(or perpendicular to).

Consider now the more general situation where the loop (or the areavector A ) makesan angle 0
with respect to themagnetic field.

y X

Figure: Rotation of arectangular current loop
From Figure, the lever arms and can be expressed as.

T, = g(—sin 0i + oS eﬁ): —T
and the net torque becomes
T, xF, 4T, = 21, x F, = 2.%(—sin 01 +cos Ok ) (1aBK

jlabBsin0j=1AxB
For aloop congsting of N turns, the magnitude of thetoqueis
T=NIAB sSn6

The quantity NJA iscalled the magnetic dipolemoment i

i=NIA
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Figure: Right-hand rulefor determining the direction of
Thedirection of [i isthesameastheareavector A (perpendicular to the plane of theloop) andis
determined by theright-hand rule (Figure). The Sl unit for the magnetic dipole moment isampere-

meter2 (A-mz).. Using the expression for i, thetorque exerted on a current-carrying loop can be
rewrittenas

T=HxB
Theabove equationisanalogousto 7 = px E inEq., thetorque exerted on an electric dipole moment
p inthepresenceof an electricfield g .

Configuratoin enerqy of current loop in uniform magnetic field.

Ex.

Ans.

Sol.

Recalling that the potential energy for an electric dipoleis U = —p+E [seeEq.], asimilar formis

expected for the magnetic case. The work done by an external agent to rotate the magnetic dipole
fromanangle6 to6isgivenby
0

0
W,y = J'(uBsin 0')d6'= pB(cosH, —cos0)
8o
=AU=U-U,
Onceagain, W, =-W, where W isthe work done by the magnetic field. Choosing U,=0at 6, =
n/2 , thedipolein the presence of an external field then has apotential energy os

U=—Bcosd=_ji«B
The configurationis at a stable equilibrium when (i isaligned parallel to g, making U aminimum

with U . =—uB. Ontheother hand, when i and g areanti-paralel, U =+uB isamaximum

and the systemisunstable.

A non-conducting thin disc of radius R charged uniformly over one side with surface density

rotates about its axiswith an angular velocity m. Find:

(a) the magneticinduction at the centre of thedisc;

(b) the magnetic moment of thedisc.

(@ B=122psonR; (b)p, =14 tcnR?

(@ Letustakearing element of radiusr and thicknessdr, then charge on the ring element.,
dq=c2rrdr
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: . (o2nrdr)e
and current, dueto thiselement, di = T = oordr
So, magnetic induction at the centre, dueto thiselement : dB = 5T
? pooo rdr p
and hence, from symmetry : B = JdB =J‘% = 7°00)R
0

(b) Magnetic moment of the element, considered,
dp,,, = (di) nr? = cwdrr r?2 = onerd dr
Hence, the sought magnetic moment,

R R4
e J'dpm - '([GTC(DI'3 dl’ZG(DTCT
Ex. A wireiswrapped N =10 timesover asolid sphere of massm = 5kg, current | = 2A, whichisplaced

on asmooth horizontal surface. A horizonta magneticfield of induction ‘B‘ =10T ispresent. Findthe

angular accel eration experienced by the sphere. Assumethat the massof thewireisnegligible compared
to the mass of the sphere. If answer is20nr. Write value of n.

!

S
YYYYY
~__L-

§<

Ans. 5
Sol. (@) The net torque acting on the sphereis

T

NS
/

—VYYYYY
~L L

%Lx

«B = (NiAj)X(B?) = _NiABlA(,WhereA = nR2

T=

=t

or % =_NrR?%BK

— T
(b) @ =|_ (- thesphereisfreetorotate, it must rotate about the centroidal axis)
C

2 mR?
5

2ip . o
__NnR*iB - ('-'lc=3mR2j 5NmiB ¢
5 2m
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Ex. A current carrying uniform square frameissuspended from hinged
supportsasshown inthefiguresuch that it canfredy rotate about \¢7
its upper side. The length and mass of each side of the frameis

y
2mand 4kg respectively. A uniform magnetic field |§=(3}+4]) Y A :

is applied. When the wire frame is rotated to 45° from vertical z
and released it remainsin equilibrium. If the magnitude of current

-~
/E

Y

(inA)inthewireframeis| thenfind (§j| .
5
Ans. 6
Sol. i (Magnetic moment of loop) whenitislifted by 45° = ié{%}

v 2

. % dueto magnetic field = [ixB = %[(Fk)x(?’hﬁﬂ

1 2
7 dueto mg (about top edge) = 4mg§COS45°I
For equilibrium net torque along X-axis=0

amgl  4ir? mg
—== i=—=10A
22 2 7' T
MOVING COIL GALVANOMETER :
Themain partsof amoving-coil galvanometer are showninfigure.

The current to be measured is passed through the galvanometer. Asthe coil isinthe magneticfield
B of the permanent magnet, atorque I' = niAx B acts on the coil. Here n = number of turns,

i =currentinthecoil A =area-vector of thecoil and B =magnetic field at the siteof thecoil. This
torque deflectsthe coil from itsequilibrium position.

The pole piecesare made cylindrical. Asaresult, the magnetic field at the arms of the coil remains
paralle to the plane of the coil everywhere even asthe cail rotates. The deflecting torque is then
I' = niAB . Asthe upper end of the suspension strip W isfixed, the strip gets twisted when the cail
rotates. This produces arestoring torque acting on the coil. If the deflection of the coil is6 and the
torsional constant of the suspension strip is k, the restoring torque is k0. The coil will stay at a
deflection 6 where

niAB = ko0

k

or, = nAB
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Hence, the current isproportional to the deflection. The constant ﬁ iscalled the galvanometer

constant.

Wedefinethe current sensitivity of the galvanometer asthedeflection per unit current. From Eq.
thiscurrent sensitivity is.

¢ _ NAB

I k

A convenient way for the manufacturer to increase the sensitivity isto increase the number of turns
N. We choose galvanometers having sensitivities of value, required by our experiment.

We definethe voltage sengitivity asthe deflection per unit volt of applied potential difference

o _(NAB)1 (NAB)1

I k )V k /R
Aninteresting point to noteisthat increasing the current sensitivity may not necessarily increasethe
voltage sengitivity. If N — 2N, i.e., we double the number of turns, then

I I

Thus, the current sensitivity doubles. However, theresistance of the galvanometer isaso likely to
double, since it is proportional to the length of the wire. In eq. N — 2N, and R — 2R, thus the
voltage sengtivity,

%g
Y,

<l|e

remains unchanged.

ATOMIC MAGNETISM

@
(b)

Anatomic orbital electron, which doing bounded uniform circular motion around nucleus. A current
constitues with this orbital motion and hence orbit behaves like current carrying loop. Due to this
magnetism produces at nucleus podgtion. Thisphenomenon called as ‘atomic magnetism.
Bohr'spostulates:

> kzef h
7 (i) L=mvr= n(zj ,wheren=1,2,3 .......

mv
r

@)

Badc elementsof atomic magnetism :

e ev en
i =6 == = — ==
Orbital current : T ot o

Magneticinduction at nucleusposition :- Ascircular orbit behaveslike current carrying loop, so

. . » |
magnetic induction a nucleusposition B, :é_or

B. — Ho€f _ Ho€® _ Ho®V _ Mo
NCoor 2Tr 4mr? 4
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(© Magneticmoment of circular orbit :- Magnetic dipole moment of circular orbit

mer’ _evr _ eor’
T 2 2
Relation between magnetic moment and angular momentum of orbital electron

evr m €L

M = 1A where A isareaof circular orbit. M =ef(nr2):

Magnetic moment M = ——x-— =—— (--angular momentum L = mvr
a 2 m 2m ( g ) £ I(current)
. el
Vector form M=—-
2m e~ v
For orbital electronits M and L bothareantiparallel axia vectors. ¥M

A NONCONDUCTING CHARGED BODY ISROTATED WITH SOME ANGULAR SPEED.

In thiscasetheratio of magnetic moment and angular momentum isconstant whichisequal to %

here q = charge and m = the mass of the body.
Ex. :- Incaseof aring, of massm, radius R and charge q distributed on it circumference.
Angular momentum L =lo=(MR?)(w) .. ()
Magnetic moment M =iA = (df) (nR?)

oR?

2

(Q)
M=(q) (Zj (nR?) =q——...(1)

: M _q
From Egs. (i) and (ii) T o2m

o

o 2n

Although thisexpression isderived for simple case of aring, it holds good for other bodiesalso. For

. _ak ., _a(le) _
example, for adisc or asphere. M = => M=———+= whereL=lwo

2m

Rigid body Ring Disc Solid sphere Spherical shell

. . mR? 2 2
Moment of inertia(l) mR? —_— — mR? - mR?

2 5 3
2 2 2 2
|

M agnetic moment= ae GoR R GoR GoR

2 4 5 3
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SUPPLEMENT FOR JEE-MAINS

MISCELLENEOUS
Magneticfield of long Bar magnet

€ mm————————— r+7/ immmm e ————— >
€mmmm———— | (g —— ->
| ] < G
I I < >
S €mm——— e >N Bz Bl

() AtAxial position :—

m
Magnetic field at point 'P' dueto north pole B; = Z—; (r—0)? (away from north pole)

m
Magnetic field at point 'P' due to south pole B, = Z—;W (towards north pole)

Net magnetic field at point 'P

Hom 1 1 _ Bem arl
Baxis=B1— By, (- By >B)) = [ } [(

4n | (r=0?2  (r+0?2]| 4m | (rP=r?)
L, 2Mr
ws = g (22 WhereM =m (20)
If magnet isshortr>> ¢, then B, = Z_O 2r_|\3/|
T

(i) Atequatorial postion :—
Magnetic field at point 'P dueto north pole :—

B :ﬁL
1 4 2
7T(«/r2 +€2)

Magnetic field at point 'P due to south pole :—

..... (D (dlongNPline)

B,=te M @ (along PSline)

From equation (1) & (2) B, = B, = Z—O- . ng =B (Let)
T

Net magnetic field at point 'P

_ R m — ¢
B,.,=2Bcosh=2-——— o9, where cosd =
= 4r (r* + 0°) | NGEYS) ]
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(i)
(i)

o Ho M ¢
= 4n (l’2 + fz) ‘/(rz + 62)
K M hereM = m(2¢
S An (P02 whereM =m(2")
. M M
If magnet isshort r >> 7, then B, I T
T

M agnetic shielding
If asoftironringisplacedin magnetic field, most of thelinesarefound —

F
to passthrough the ring and no lines pass through the space inside

thering. Theinside of thering isthus protected against any external ——
magnetic effect. This phenomenon is called magnetic screening or Iron ring in a field
shielding and is used to protect costly wrist—-watches and other

instruments from

external magneticfields by enclosng themin a soft—iron caseor box.

Super conductors aso provides perfect magnetic screening dueto .
excluson of linesof force. Thiseffect iscalled 'Meissner effect’

Relative magnetic premeability of super conductor is zero. So we

can say that super conductors behaveslike perfect dimagnetic. Super conductor in a field
Dipole- Dipolelnteractions:
S.No. Relative position of dipoles Magneticforce(F,)
femmmmmsmmsmmsasans e ”
iMil iM.z B, 6M,M,
@ — «— an 2 (aongr)
F F, T r
le f Mz
femmmmes r {
i i By MM
(0) < - 4o (dongr)
Fm m
Py Pl
M M, 3M,M
(© | e oo k Z—:c . % (perpendicular tor)
F

VIBRATION MAGNETOMETER :

Itisan instrument used to compare the horizontal components

of magnetic field of earth of two different places, to compare :

magnetic fields and magetic moments of two bar magnets. Itis D U P
also called oscillation magnetometer.

Principle: Thisdeviceworkson the principle, that whenever a i

freely suspended bar magent horizontal component in earth gﬁﬁ
magnetic field (B,,) is dightly disturbed from its equilibrium mirror

position then, it will experience atorque and executes angular % %
S.H.M. *Rotationispossbleonly in horizontal plane.
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Angular S.H.M of magneticdipole:- When adipoleissuspendedinauniform magnetic field it will
alignitself parallel to field. Now if it isgiven asmall angular displacement 6 about its equilibrium
position. Therestoring torque actsonit :

1=—MB_,sn6 = la=-MB,sin6 =-—MB,_0,(- sn0 = 0)

MB, MB,
0) > a=w?(0) = o = I

—

Thetime period of angular SHM. = T =2n
MB,,

M = magnetic moment of bar magnet
I =moment of inertiaof bar magnet about its geometric axis

Comparision of magnetic momentsof magnetsof thesamesize
Let the two magnets of same size have moment of inertia | and magnetic moments M, and M.,
Suspend the two given magnetsturn by turnin the metal stirrup of the vibration magnetometer and
note thetime period in each case.

/ f |
Then T,=2n and T, =2n M,B

L M
M

M,
Dividing, —2 M_ =

2 1

. . M .
Since Tl and T2 areknown therefore theratio M—2 can be determined.
1

Comparision of magnetic momentsof magnetsof different sizes

L et the two magnets have moments of inertial, and I, and magnetic moments
M, and M, respectively. Place the two given magnets one upon the other as
showninFig. (a). Thiscombinationiscaled sum combination'. It hasmoment
of inertia(l, +1,) and magnetic moment (M, + M.). Put this combinationin

o

N

[s

N|

(@) sum combination

S|

the magnetometer and st itinto oscillations. Thetimeperiod T, isdetermined. IN

(b) difference: combination
,+1,
Ti=2m4[(m, +M2)B

Now, the two magnets are placed as shown in Fig. (b). This combination is caled 'difference
combination'’. It hasmoment of inertia(l + I,) and magnetic moment (M —M.). Thiscombinationis
put in the magneto meter and itstime period T, is determined.

L +1,
TZ_ZTC (Ml_MZ)B
o T. M, -M )
Dividing, -+ = [ —2 from equation (1) and (2
g T /M1+M2 [ eq (1) and (2)]

M

knowing T, and T, we can determine M_l
2
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Ex.

Sol.

Ex.

Sol.

Comparision of earth'smagneticfield at two different places
L et the vibrating magnet have moment of inertial and magnetic moment M. Let it be vibrated in

placeswhere earth's magneticfieldis B, and By, .

[ / I
Then,TlZZTC MBH andT2:2TC MBHZ

T, and T, are determined by placing magnetometer at two different places, turn by turn.
T, By, T B,, B,coso, - B, TZcoso,
Dividing, == . |[—= or =% = - 21 2 ¥P9Up
viang. T, B, ¢ T B, Bcosd, B, T/coso,

B
Knowing T,, T, and 0., 0, theratio B—l can be determined.
2

Magnetic momentsof two identical magnetsare M and 2M respectively. Both are combined in such
away that their similar polesare sameside. Thetime periodin thisiscase'T,". If polrity of oneof the
magnetsisreversed its period becomes T’ then find out ratio of their time periods respectively.

T=2n M—BH(Iwemawme,BHa%me) NYRE

LM _ M _1
T, \M; \3am 3

A magnet is suspended in such a way when it oscillates in the horizontal plane. It makes
20 oscillations per minute at aplacewhere dip angleis30° and 15 oscillations per min at aplacewhere
dip angleis60°. Find theratio of thetotal earth'smagnetic field at the two places.

1 |MB,
f=7—
2n |
1 MBcosO .
:f2:4n2- | | and M are samein given cases

B, _f cosb, 20x20 cos60°_ 16

1
—_— — X —
B, f2 cosd, 15x15 cos30° 93
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| 4
NEUTRAL POINT

Itisapoint where net magnetic field is zero.

At this point magnetic field of bar magnet or current carrying coil or current carrying wireisjust

neutralised by magneticfield of earth. (B,)
A compass needle placed at this neutral point can set itself in any direction.
L ocation of Neutral Points:

(@ When N—poleof magnet directed towardsNorth :- Two neutra N
points symmetrically located on equatorial line of magnet. Let N
distance of each neutral point from centre of magnet is'y' then Bl B 1, B
B, =B, w_l Lyl l e
H M S e
B,= 4 (Y2 +12)72 Buo| § | Bawna
s
$
b M _p (If y >>> 0
4n y®
_ ) nutral point_ N g
(b)  When S—pole of magnet directed towards North :- Two neutra points j_B
symmetrically located on the axial lineof magnet. Let distance of each neutral BHI ST
pointsfrom centre of the magnet isx, then X
W gt E
Bais = BH: H :h'% i
aas A (X°—=1°)
X
1 2M _ Ve,
4r X3 B BH (If X>>> é) nutral point ’,5 Bas
(o If magnet isheld vertically on the board, then only one neutral point is obtained on the horizontal
board.
1 nutral point
N i N
«— N [— , )
S inutral point I S
When N-pole on the board When S-pole on the board
Ex. Themagneticfield at apoint x ontheaxisof asmall bar magnetisequal tothefield at apointy onthe
eguator of the same magnet. Find theratio of thedistances of x and y from the centre of the magnet.
_ B 2M _po M
al. Baxis - Bequatorial = An X} 4rn y3
L2 1 _x 2
X3 y3 y3 1
- X_ U3

y
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Ex. A coil of 0.1 mradiusand 100 turns placed perpendicular magnetic meridian. When current of 2
ampereisflow through the coil then the neutral point isobtained at the centre. Find out magnetising

field of earth.
- o NI _
Sol. Magnetic field at centre of coil B = R =W H. (- Ho=H)
L NI _100x2
Magnetising field of earth H = SR 2x0.1 =1000A/m

Ex. A short magnet of moment 6.75 A—m? producesaneutra point onitsaxis. If thehhorizontal component
of earth'smagnetic field 5 x 10-° Wh/m?, Cal culate thedistance of the neutral point from the centre.

2KM kMY (2x107 x 6.75
Sol. B, = =d= =

1/3
d° B,, 5x10° j =0.3m=30cm

GEO-MAGNETISM
I mportant definitions:

(@ Geographic axis: It isastraight line passng through the geographical polesof the earth. It isalso
called axis of rotation or polar axis of the earth.

(b) GeographicMeridian (GM) : Itisavertica plane at any place which passng through geographical
axisof theearth.

(¢ Geographicequator : Itisagresat circleonthe Seographica
surface of the earth, in a plane perpendicular to \  aisorpolaraxs
the geographic axis. All the points on the ‘
geographic equator are a equa disancefromthe
geographic poles.

A great plane which passes through geographic
eguator and perpendicular to the geographic axis
called geographic equatorial plane. Thisplane SN
cuts the earth in two equal parts, a part has mygﬁc V
geographic north called northen hemisphere

(NHS) and another part has geographic south

called southern hemi sphere(SHYS).

(d) Magneticaxis: Itisastraight line passing through magnetic poles of the earth. It isinclined to the
geographic axisat nearly 17°.

(& MagneticMeridian (MM) : (i) Itisavertical planeat
any place which passing through magnetic axis of the
earth. (ii) Itisaverticd planeat any placewhich passing
through axis of free suspended bar magnet or magetic
needle.

(iii) Itisavertical planeat any place which containsall
the magneticfiedlinesof earth of that place. -

() Magnetic equator : It isagreat circle on the surface of the earth, in a plane perpendicular to the
magnetic axis. All the points on the magnetic equator are at equal distance from the magnetic poles.

, Geographical
Li*) .-+ North pole

Geo-Magnetic %,
north pole

Geographical
equator

Geo-Magnetic
\  southpole

Geographicall i
South pole
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MAIN ELEMENTS OF EARTH'S MAGNETIC FIELD
Angleof declination (¢)

At agiven place the acute angle between geographic meridian and the magnetic 2 : :
meridianiscalled angle of declination, i.e. at agiven placeit isthe angle between

the geographical north south direction and the direcation indicated by a agnetic
compass needleinitsequillibrium. MV

Angleof dip (0)
() Itisananglewhichthedirection of resultant magnetic field of the earth
substendswith the horizontd linein magnetic meridian at thegiven place. 7

(i) Itisananglewhich the axis of freely suspended magnetic needle (up
or down) substendswith the horizontal linein magnetic meridian at a
given place.

In northen hemi sphere, north pole of freely suspended magnetic needle will dip downwardsii.e.
towardsthe earth surface. I n southern hemi sphere, south pole of freely suspended magnetic needle
will dip downwardsi.e. towardsthe earth surface.

Dip circle: Angle of dip at a place is measured by the instrument called 'Dip-circle’ in which a
magnetic needleisfreeto rotate in vertical plane. About its horizontal axis. The ends of the needle
move over avertical scalegraduated in degree.

Horizontal component of earth magneticfield (B,)

Horizontal component of earth magnetic field a agiven placeisthe component of resultant magnetic
field of theearth along the horizontal linein magnetic meridian.

B,=Bcos® andB =Bsno6 .. D
so that tane:%mdsz,/sa+53 ....... @)
H
At magnetic poles 6 =90° B,=0andonly B, exist
s At magnetic equator 6 = 0° B,=0andonly B, exist

¢ decides the plane in which magnetic field lies at any place, (¢) and (6) decides the direction of
magnetic field and (0) and (B,,) decidesthe magnitude of thefield.
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Ex.

Sol.

Ex.

Sol.

Apparent angleof dip (0') :

When the plane of vertical scale of dip circle is in the magnetic meridian, the needle rest in the
direction of earth'smagnetic field. Theangle made by the needlewith the horizontal iscalled truedip
or actua dip. If theplane of vertica scaleof dip circle not kept in magnetic meridian, then the needle
will not indicate the correct direction of earth magnetic field.

In this situation the angle made by the needle with the horizontal is called the apparent angle of
dip.Supposethedip circleisset at an angle o to the magnetic meridian. Effective horizontal component

inthisplanewill be B, cos o and no effect on vertical component B, 5

N\\s
B' NCOSQ
GM o
H [ V < 1
Apparent angle of diptan ' = B B. i 0
H i
E A 4 B:/:BV
| B
B, . tan0 MM ™,

=tan b’ = B, cosa CcoSa

>

For avertical plane other than magnetic meridian

o
A5

a>0=cosa<l=tand >tand = 0 >0,

so apparent angle of dip isaways more than actual angle of dip at any place.

X/
X4

% For avertical plane perpendicular to magnetic meridian

00° = tand'= —on =
*= = 1Y = so00 ~ ®

0'=90°, soin aplane perpendicular to magnetic meridian dip needle becomesjust verticle.

At acertain place, the horizontal component of earth's magnetic field is /3 times of the vertical

component. What the angle of dip at that place.

_ _B, B, 1 _._ o o_an
B, = V3B, tand = Jv = 2v = o =tand0" = 0 =30
H

V3B, 3

A compass needle of magnetic moment is 60 A-m? pointing towards geographica north at acertain
place where the horizontal component of earth's magnetic field is 40uT, experiences a torque
1.2 x 10 N-m. What isthe declination of that place.

1= MBsing © L ®
N
_ T 12x10° 1 @ L ®
= sSind = = =— 2,
MB  24x10* 2 GMT\@
®© ®

= ¢ = 30°
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Ex. Ifthedipcircleissat at 45° tothe magnetic meridian, thenthe apparent dip is30°. Calculatethetruedip.
tan©®
Sol. tanb'= ——
cos
tan® = tan6'cosa. = tan30°cos45° = i>< L
NERNG]
o= o= |
tand = —= =tant | =
J6 V6
Ex. A magnetic needle is free to rotate in a vertical plane and that plane makes an angle of 60° with
magnetic meridian. If theneedle staysin adirection making anangle of tan™ (%} withthehorizontal
direction, what would be the actual dip at that place ?
| . . (i} o
Sol. tand =tanb'cosa (- 0'=tan NE , o = 60°)
. tan@ =tan (tan* 75 \/— ) cos60°
tano = 1 =06=30°
f 2 f
Ex. A 1-meterlong narrow solenoid having 1000 turnsis placed in magnetic meridian. Find the current in
the solenoid which neutralisesthe earth’ shorizontal field of 0.36 oersted at the centre of the solenoid.
Sol. Themagnetic field intengity at the centre of solenoidis H = ni = 1000 i A/m = 4xi ovested
(.. Lamp/meter = 4xt x 1072 oersted)
Sinceit neutralisesthe earth’ sfield of 0.36 oersted, it isequal and oppositeto the earth’ sfield.
. 4ni =0.36
== . 3 - =0.0286 ampere = 28.6 milli-ampere or 28.6 mA
Ex. If9,and e areanglesof dlp intwo vertical planesat right angleto each other and 0 istrue dip then
prove cot e cot e + cot e
Sol. If thevertical planein WhICh dipis6, subtends an angle o with meridian than other vertical planein

which dipis0, and isperpendicular tofirst will make an angle of 90— o with magnetic meridian. If 6,
and 0, are apparent dipsthan

tan 0, = By
B, cosa
tan 0, = By = BY
B,cos(90-a) B,sna
2 2 a2 2 2
cot’ 0, +cot’ 0, = L =+ L Z:BHCOSZOH;BHsna:B—;': w =cot’ 0
(tan®,)” (tan®,) By By \Bsné

So cot2(91 + cot2(92 = cot’®
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Considering earth asashort bar magnet show that theangle of dip 6 isrelated to magnetic latitude A as
tand = 2tani
For amagnetic dipolethefield componentsat point P(r, ¢) aregiven as

g - Mo 2M cosd g _Ho Msind BO B

" 4n rs  4n ri

3
tane=B_V=_5:_h 2M205¢ 47 r
B, B, 4n 1 W, Msing

or tan® =-2 cot¢

Fromfigure¢=g+7n So tan6 = -2cot GmJ or tand = 2tan\

At acertainlocationinAfrica, acompass points 12° west of the geographic north. The northtip of the
magnetic needle of adip circle placed in the plane of the magnetic meridian points 60° above the
horizontal. The horizontal component of the earth’s field is measured to be 0.16 G. Specify the
direction and magnitude of the earth’ sfield at the location.

From formula, BH =B cos0

By
cos 0

B= =B, sec0=0.16x2=0.32G.

Theearth’sfieldis0.32 G, in direction 60° upwardsfrom horizontal, in aplane (magnetic meridian)
12° West of geographical meridian.
A dip circle showsan apparent dip of 60° at aplace wherethetruedipis45°. If thedip circleisrotated
through 90° what apparent dip will it show?
Let 6, and 0, be apparent dip shown by dip circle in two perpendicular positions then true dip 0 is
given by

cot’0 = cot2(91 + cot2(92 or cot” 45° = cot” 60° + cot2(92

or cot’0, = % or cotf, = 0.816 giving 6, = 51°

IMPORTANT DEFINATIONS AND RELATIONS

M agnetisingfield or Magneticintendty (H)

Fieldinwhich amaterial isplaced for magnetisation, called as magnetising field.

Magnetising field F = 2o — magneticfield
L, permeability of free space

Sl Unit H : ampere/meter
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| ntensity of magnetisation (1)
When amagnetic material isplaced in magnetising field theninduced dipolemoment per unit volume of

that materid isknown asintensity of magnetisation | =

<|ZL

Sl Unit : ampere/meter [--M_E_amperex meter?
s VoV meter’
Magnetic susceptibility (1 )

]

Iﬁ [Itisascalar with no unitsand dimensions]
Physically it represent the ease with which amagnetic material can be magnetised
A material with more x ., can be change into magnet easily.

M agnetic per meability p

Xm=

B, totd magnetic field inside the material
H="q = magnetising field

It measuresthe degreeto which amagnetic material can be penetrated (or permeated) by the magnetic
fiddlines

Wb/m2: Wb _H
A/lm A-m A
[~ ¢d=L1 .. weber = henry —ampere]

: B, -A H
Sl Unltofp:uzwE .

Relative permeability p = -
Ho

It has no units and dimensions.

Relation between per meability and susceptibility
When amagnetic materia isplaced in magnetic field B, for magnetisation then total magnetic field
inmaterial B, =B, + B, , where B, =induced field.

By =WoH: B =Kol

" L S (]
Bm:u0H+u0|:>Bm=u0(H+|)=uoH(1+ﬁj

I
R AT BT CRPRENTETe

forvacuum x =0,(- 4 =1)
at STPforar x =0.04
(- aS.T.P.forarp =1.04)
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CLASSIFICATION OF MAGNETIC MATERIALS
Onthebasisof magnetic propertiesof thematerids[as magnetisationintengtily (1), Susceptibility (x ) and
relative permesability (1 )] Faraday devidethese materiasinthreeclasses—

PROPERTIES

DIAMAGNETIC

PARAMAGNETIC

FERROMAGNETIC

Cause of magnetism

Orbital motion of eectrons

Spin motion of e ectrons

Formation of domains

Subgtanceplacedin
uniform magnetic

Poor magnetisationin
oppositedirection.

Poor magnetisationin
samedirection.

Strong magnetisationin
samedirection.

moment

arerandomly oriented.
(i.e. in absence of
externa magneticfied
the magnetic moment of
whole material iszero)

field. Here B < B, Here B > B, Here B >>> B,
—_— e G ———
M —_—r > M M
0
| —H curve | - Small, negative, | - Small, positive, | > very large, positive
varieslinearly with varieslinearly with & variesnorHinearly
field fied withfield
| [ l "
| H , / .
I H I g
X,— T curve % ,— small, negative& | x ,— smadll, positive | x  — very large, positive
temperature independent | & variesinversely with | & temp. dependent
X e Te temp. X (CurieWeiss
—lc
1 .
Xm® T (Curielaw) law) (for T>T)
(T = Curietemperature)
" | : \_ ’ / \
T T .
T,
Tc(li,)=770°C or 1043K
W (M<My) 1>p>0 2>p>1 (U>h) |[p>>>1 (L>>> )
Magneticmoment | Atomsdonot have any Atomshave permanent | Atomshave permanent
of sngleatom permanent magnetic megnetic moment which | megnetic moment whichare

organised in domains.
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PROPERTIES DIAMAGNETIC PARAMAGNETIC | FERROMAGNETIC
Behaviour of substancein | It movesfromstronger | It moveswith week Strongly attract from
Nonuniform magnetic toweaker magnetic forcefromweaker wesker magneticfidd
fidd fidd. magneticfiddto to stronger
sronger magneticfidd. | magneticfied.
Weak Field Weak Field Weak Field
Strong Field Strong Field Strong Field
N | ||
' ;
tl_hz\{ei:n(igpressed in Level slightly rises
Whenrod of materid is It becomes If thereisstrong Wesk magneticfidd
suspended between perpendicular tothe magneticfiddin between magnetic poles
polesof magnet. direction of externd between the poles canmaderod parald to
magneticfied. then rod becomes fielddirection.
padld tothemagnetic
fidd.
15 |ndr |wds
Magnetic moment of Vaue M isveryless | Vaue M islowbutin | M isvery highandin
substancein presence of and oppositeto H . directionof H. directionof H.
externd magneticfidd
Examples Bi, Cu,Ag, Pb,H,O, | Na K, Mg, Mn, Sn, Fe,Co, Ni dl their aloys,

Hg, H,, He, Ne,Au,
Zn, Sb, NaCl,
Diamond.( May be
foundinsolid, liquid
or gas).

Pt,Al, O,
(May befoundinsolid,
liquidor gas)

Fe;0O, Gd, Alnico, etc.
(Normdlyfoundonly in
solids) (crystdlinesolids)
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MAGNETIC HYSTERESIS
Only Ferromagnetic materids show magnetic hysteress, when Ferromagnetic materid isplaced in externd
magnetic fidd for magnetisation then B increaseswith H non-linearly dong Oa. If H isagainbring to zero
then it decreasesdong path ab. Dueto lagging behind of B with H thiscurveisknownashyseresscurve.
[Lagging of B behindH iscaled hysteress)

. (+)ve saturation
a

(o]
'Ac W

£
T
+

2

e
d
(-)ve saturation

Causeof hysteresis: By removing external magnetising field (H = 0), the magnetic moment of some
domainsremainsaigned inthe applied direction of previous magnetising field which resultsinto a
resdua magnetism.

Residual magnetism (ob) = B, =retentivity =remanence
Retentivity of agpecimenisameasure of the magneticfield remaining in theferromagnetic soecimen
when the magnetising field isremoved.

Coercivity (oc) : Coercivity isan measure of magnetising field required to destroy the residual mag-
netism of the ferromagnetic specimen.

Ferromagneticmaterials

Soft magneticmaterials Hard magnetic materials
Low retentivity, low coercivity and High retentivity, high coercivity
small hysteresisloss. and large hysteressloss
suitablefor making electromagnets, suitablefor permanent magnet
coresof transformersetc. Ex. Softiron, Ex. Stedl, Alnico

(used in magnetic shielding)

HYSTERESIS LOSS
() Theareaof hystersisloop for aferromagnetic material is equal to the energy loss per cycle of
magnetisation and demagneti sation per unit volume.

1570 | SR—
magnetic
material

... Hard
magnetic
material

W, = gﬁB.dH = uoc}%l.dH
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(i) Itsvaueisdifferent for different materials.

(iii) Thework done per cycle per unit volume of material isequal to the area of hysteresisloop.

Ant
J

i.e Wy, =volumeof material x areaof hysteresis curve x frequency x time.

Vv
. Total energy lossin materid W, =V Antjoule= caorie

M M M
KJ .5, ;Bo ) B,
fig.(a) fig.(b) fig.(c)

Thematerials of both (a) and (b) remain strongly magnetized when B, isreduced to zero. The mate-
rial of (a) isalso hard to demagnetize, it would be good for permanent magnets.

Themateria of (b) magnetizes and demagnetizesmoreeasily, it could be used asacomputer memory
meaterial.

Themateria of (¢) would be useful for transformers and other alternating-current deviceswhere zero
hysteresiswould be optimal.
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EXERCISE (S-1)

Biot savart law

1.

Two long, straight wires, each carrying a current of 5 A, are placed along the X- and Y -axes
respectively. The currents point along the positive directions of the axes. Find the magnetic field at
the points (@) (1 m, 1 m), (b) (<1 m, 1 m), (¢) (=1 m,—1m)and(d) (1 m,—1m).

M G0001
A circular loop of radius4.0 cmisplaced in ahorizonta planeand carriesan electric current of 5.0A
in the clockwisedirection as seen from above. Find the magnetic field
() At apoint 3.0 cm above the centre of the loop.
(b) At apoint 3.0 cm below the centre of the loop.

M G0002
Two concentric circular coils X andY of radii 16 cmand 10 cm, respectively, liein the same vertical
plane contai ning the north to south direction. Coil X has20 turnsand carriesacurrent of 16A ; coil Y
has25 turnsand carriesacurrent of 18 A. The sense of thecurrent in X isanticlockwise, and clockwise
inY, for an observer looking at the coils facing west. Give the magnitude and direction of the net
magnetic field dueto the coilsat their centre. (NCERT)

M G0003

A current element A7 = AX — Ay] carries 10 A current. It isplaced at origin. Calculate magnetic

field at point 'P whichisat position vector ¥ = (? + ]) mwith respect to origin. (where AX = Ay=1mm)
M G0004
A circular loop of radiusr carriesacurrenti. How should along, straight wire carrying acurrent 4i be
placed in the plane of the circle so that the magnetic field at the centre becomes zero ?
M G0005
A long straight wire carriesacurrent of 10 A directed along the negative y-axis as shown in figure.
A uniform magnetic field B, of magnitude 10-° T is directed parallel to the x-axis. What is the
resultant magnetic field at the following points?
@x=0,z=2m; (b)x=2m,z=0; (c) x=0,z=-05m
Z/ y

—

M G0006
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Ampere'slaw
7.  Sxwiresof currentl, =1A,1,=2A,1,=3A,1,=1A,I.=5A and |,=4A cut thepage perpendicularly
at the points 1, 2, 3, 4, 5 and 6 respectively as shown in the figure. Find the value of the integra

<}S B.d/ around the closed path.

M GO0007
Motion of charged particle
8. A charged particle (charge g, mass m) has velocity v, at origin in +x direction. In space thereisa
uniform magnetic field B in—z direction. Find the y coordinate of particle wheniscrossesy axis.
M G0008
9. A beam of protonswith avelocity 4 x 10° m/sentersauniform magnetic field of 0.3 T at an angle of
60° to the magnetic field. Find theradius of the helical path taken by the proton beam. Also find the
pitch of the helix (whichisthe distancetravelled by aproton in the beam parallel to themagnetic field
during one period of rotation).

M G0009
10. An electron emitted by a heated cathode and accelerated through a potential difference of 2.0 kV,
entersaregion with uniform magnetic field of 0.15 T. Determinethetrajectory of theelectron if the
field (a) istransversetoitsinitial vel ocity, (b) makesanangleof 30°withtheinitia velocity. (NCERT)
M GO0010

Ampereforce& torque
11. A straight horizontal conducting rod of length 0.45 m and mass 60g is suspended by two vertical

wiresat itsends. A current of 5.0 A isset up in the rod through the wires. (NCERT)
() What magnetic field should be set up normal tothe conductor in order that thetension inthewires
iszero?

(b) What will be the total tenson in the wires if the direction of current is reversed keeping the
magnetic field same as before ?[Ignore the mass of thewires). g =9.8 ms=.

MGO0011

12. (@) Acircular coil of 30turnsand radius 8.0 cm carrying acurrent of 6.0 A issuspended vertically in

auniform horizontal magnetic field of magnitude 1.0 T. Thefield lines make an angle of 60° with

the normal of the coil. Calculate the magnitude of the counter torque that must be applied to

prevent the coil from turning. (NCERT)

(b) Would your answer change, if the circular coil in (a) were replaced by a planar coil of some

irregular shapethat enclosesthe samearea? (All other particularsare also unaltered.)
M G0012



EE-Physi
IR - -Physic .

13. A uniform magnetic field of 3000 G is established along the positive z-direction. A rectangular loop

14.

15.

of sides10 cmand 5cm carriesacurrent of 12A. What isthetorqueon theloop inthe different cases
shown infigure. What isthe force on each case ? Which case correspondsto stable equilibrium?

(NCERT)
A A
BT YI \ BT <
Y1l \
> 2 > Ve
X (@) X (b)
z z z
d d d
T v o v
30° Y
X (d) X (e) X ()
MGO0013
A circular coil of 20 turnsand radius 10 cmisplaced in auniform magnetic field of 0.10 T normal to
the plane of the cail. If the current in the coil is5.0 A, what isthe (NCERT)

(a) total, torque on thecail,

(b) total forceon thecoil,

(c) averageforce on each electron in the coil dueto the magnetic field ?

(The coil is made of copper wire of cross-sectional area 10° m?, and the free electron density in
copper isgiven to be about 10%° m3.)

MG0014
A sguare current carrying loop made of thin wire and having a mass m = 10g can rotate without
friction with respect to the vertical axis OO, , passing through the centre of theloop at right anglesto
two oppogte sidesof theloop. Theloop is placed in ahomogeneous magnetic field with aninduction
B =101T directed at right anglesto the plane of the drawing. A current | = 2A isflowingintheloop.

Findtheperiod of small oscillationsthat theloop performs about its postion of stableequilibrium.
0%B

M GO0015
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16.  Two moving coil meters. M, and M, have thefollowing particulars (NCERT)
R, =10Q,N, =30,
A =36x10°nm?. B, = 025T
R,=14Q,N,=42A,=18 x10°n?, B,= 050 T
(The spring constantsare identical for thetwo meters). Determinetheratio of () current sensitivity
and (b) voltage sensitivity of M, and M. .

MGO0016
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EXERCISE (S-2)

1.  Acylindrical conductor of radiusR carriesacurrent along itslength. The current density J, however,
it isnot uniform over the cross section of the conductor but is afunction of the radius according to
J = br, where bisaconstant. Find an expression for the magnetic field B.
(@ at r,<R& (b) atdistancer, >R, measured from the axis

L )
/ v

(
\

MGO0017
2. A U-shaped wireof massm and length | isimmersed with itstwo endsin mercury (seefigure). The

wireisinahomogeneousfield of magnetic induction B. If acharge, that is, acurrent pulseq = _[ idt,

issent through thewire, thewirewill jump up.
Calculate, the height h that the wire reaches, the s ze of thecharge or current pulse, assuming that the
time of the current pulseisvery smal in comparision with the timeof flight. Make use of thefact that

impulse of force equals j Fdt ,whichequalsmv. Evauateqfor B =0.1 Wb/m2, m=10gm, / =20cm
& h=3meters. [g=10 m/]

X
XX X
XX X

~J|X | X X
X
X

MGO0018

3. Aparticleof mass1x 102° kg and charge+1.6 x 10*° C travelling with avelocity 1.28 x 10° m/sin
the +x direction entersaregion in which auniform electric field E and auniform magnetic field of
induction B are present suchthat E = E, =0 E,=-1024 kVimandB =B,=0, B, =8x 1072 weber/m?.
The particleentersthisregion at theorigin at timet = 0. Determinethelocation (X, y and z coordinates)
of theparticleat t =5 x 10 s. If thedectricfieldisswitched off at thisingtant (with themagneticfield
still present), what will bethe position of the particleatt =7.45x 10°s?

M GO0019
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Two coilseach of 100 turnsare held such that oneliesinthevertical planewith their centrescoinciding.
The radius of the vertical coil is 20 cm and that of the horizontal coil is 30 cm . How would you
neutralize the magnetic field of the earth at their common centre ? What is the current to be passed
through each coil ?Horizonta component of earth's magnetic induction =3.49 x 10-° T and angle of
dip = 30°.

M G0020
A circular loop of radiusR isbent along adiameter and given ashape as shown in the figure. One of
the semicircles (KNM) liesin the x —z plane and the other one (KLM) in they —z plane with their
centersat the origin. Current | isflowing through each of the semicirclesasshowninfigure.

(i) A particle of charge qisreleased at the origin with avelocity v =— vof . Find the instantaneous
forcef onthe particle. Assume that spaceis gravity free.

(ii) If anexternal uniform magneticfield B | isapplied, determinetheforces F,andF, onthesemicircles
KLM and KNM dueto thisfield and the net force F on the loop . [JEE 2000]

M G0021

A current of 10A flowsaround aclosed path in acircuit which isin the horizontal planeasshownin

thefigure. Thecircuit consists of eight alternating arcsof radii r, =0.08 mandr,=0.12m. Eacharc

subtends the same angle at the centre.

(a) Find the magnetic field produced by thiscircuit at the centre.

(b) Aninfinitely long straight wire carrying a current of 10A is passng
through the centre of the above circuit vertically with the direction of
the current being into the plane of the circuit. What istheforce acting
on the wire at the centre due to the current in the circuit? What isthe
force acting on the arc AC and the straight segment CD due to the
current at the centre? [JEE 2001]

M G0022
A particleof charge +q and mass m moving under the influence of auniform electricfield E i anda
magnetic field B k entersin| guadrant of acoordinate system at apoint (0, @) with initial velocity

v i andleavesthe guadrant at apoint (2a, 0) with velocity —2v ] .Find
(&) Magnitudeof electricfield

(b) Rate of work done by the electric field at point (0, @)

(c) Rate of work done by both the fields at (2a, 0).

M GO0023
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8.

10.

11.

12.

13.

Electric charge g isuniformly distributed over arod of length . Therod is placed parallel to along
wire carrying acurrent i. The separation between therod and thewireisa. Find the force needed to
movetherod along itslength with auniform velocity v.

M G0024
There exists a uniform magnetic and electric field of magnitude 1 T and 1 V/m respectively along
positive y-axis. A charged particle of mass 1 kg and charge 1 C moving with velocity 1 m/sec along
x-axisisatoriginat t = 0. If the coordinates of particleat timer secondsisgivenas(X,Y, Z) in meter,

then find the value of (XY +YZ + ZX) x %
T

M GO0025

A proton beam passes without deviation through aregion of space where there areuniform transverse
mutually perpendicular electric and magnetic field with E and B. Then the beam strikes agrounded
target. Find theforce imparted by the beam on thetarget if thebeam currentisequal to .

M G0026
Aninfinite uniform current carrying wireiskept along z-axis, carrrying
current | inthedirection of the positive z-axis. OABCDEFG representsa
circle (where al the points are equally spaced), whose centre at point

(4m, 0 m) andradius4 m asshowninthefigure. If J B.d/ = “O—klo inS.l.

DEF

unit, then find the value of k.

M G0027
A rod of length ¢ and totd charge‘q’ whichisuniformly distributed isrotating with angular velocity
o about an axis passing through the centre of rod and perpendicular to rod. Find the magnitude of
magnetic dipole moment (in Amp. m?) of rod. (Take: q=4C, o =6 rad/sand ¢/ = 2m.)

M G0028

A uniform wooden bar of mass ﬁ kg and radius of cross-section 10cm carries a light coil C of

100 turns. The bar is smoothly pivoted at P. If the coil carries a current 2A and subjected to an
external magnetic field 102T, the bar remainsin equilibrium. Find the distancex (in cm) of the C.M.
of therod from the pivot.

cl G
(agon0® P e |
VLA
B |[e——Xx—>

M GO0029



Magnetic Effect of Current

15.

16.

17.

3infinitely long thin wires each carrying current i in the same direction , are in the x-y plane of a

gravity free space . The central wireisalong they-axiswhilethe other two arealong x = +d.

(i) Find thelocus of the pointsfor which the magnetic field B iszero .

(i) If the centra wireisdisplaced a ong the z-direction by asmal amount & released, show that it will
execute smple harmonic motion. If the linear density of the wiresis A , find the frequency of
oscillation.

M G0030
A rectangular loop PQRS made from a uniform wire haslength a, width
b and massm. It isfreeto rotate about the arm PQ, which remains hinged
along ahorizonta linetaken asthe y-axis (seefigure). Take the vertically

upward direction asthe z-axis. A uniform magneticfield B = (3i + 4k) B,

existsin the region. The loop is held in the x-y plane and acurrent | is
passed through it. The loop is now released and is found to stay in the
horizontal positionin equilibrium. [JEE 2002]

(d) What isthedirection of the current | in PQ?

(b) Find the magnetic force onthearm RS.

(c) Find theexpressonfor | intermsof B , a, band m.

M GO0031
A rectangular loop of wireisoriented with theleft corner at the origin, one edge along X-axisand
the other edge along Y -axis as shown in the figure. A magnetic field is into the page and has a
magnitude that is given by B = ay where o iscontant. Find the total magnetic force on theloop if
it carriescurrent i.

M G0032
A closed loop carrying a current i is placed so that its plane is perpendicular to the long straight
conductor which carriesacurrent i | as shown in the figure. Thetorque acting on the current loop is
ap,N-m. Then find the value of a.. (Giveni=2A,i,=2A,r, =2 m, ¢ = 60°)

M GO0033
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18. A wheel of radius R having charge Q, uniformly distributed on the rim of the wheel isfreeto rotate

about alight horizontal rod. Therod is suspended by light inextensible stringe and amagnetic field B
isapplied asshown inthefigure. Theinitial tensionsinthestringsare T,,. If the breaking tension of

3T,
the stringsare TO , find the maximum angular velocity m, with which thewheel can berotate.

[JEE 2003]
K#H
LI
Tq @ Ty
M G0034

19. In amoving coil gavanometer, torque on the coil can be expressed as t = ki, wherei is current
throughthewireand k iscongtant. Therectangular coil of the galvanometer having numbers of turns
N, areaA and moment of inertial isplaced in magnetic field B. Find
(a) kintermsof given parametersN, I, A and B.
(b) the torsional constant of the spring, if a current i, produces a deflection of =/2 in the cail in
reaching equilibrium position.
(c) the maximum angle through which coil isdeflected, id charge Q ispassed through the coil almost
instantaneoudy. (Ignore the damping in mechanical oscillations) [JEE 2005]
M G0035
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EXERCISE (O-1)

SINGLE CORRECT TYPE QUESTIONS

Biot savart law

1.

A long, straight wire carrying acurrent of 1.0 A is placed horizontally in auniform magnetic field
B =1.0x 10° T pointing vertically upward (figure). The magnitude of the resultant magnetic field at
the points Pand Q, both stuated at adistance of 2.0 cm from thewireinthe samehorizontal plane are

regpectively

A\ 4

Q. B8O

(A) zero, 20 uT (B) 20 T, zero (C) zero, zero (D) 20 uT, 20 uT

M G0036
A horizontal overhead powerlineisat aheight of 4m from the ground and carriesacurrent of 100 A
from east to west. The magnetic field directly below it onethe ground is(p,, = 4n x 10"TmA™)
(A) 2.5 x 10" T southward (B) 5x 10° T northward
(C) 5 x10° T southward (D) 2.5 %107 T northward

M G0037
Two parallel wires carry equal currents of 10 A aong the same direction and are separated by a
distance of 2.0 cm. Find the magneticfield at apoint whichis2.0 cm away from each of thesewires.
(A) 3.4 x10* T inadirection parallel to the plane of the wiresand perpendicular to the wires
(B) 1.7 x 10* T in adirection paralld to the plane of the wiresand parallel to the wires
(C) 1.7 x10* T in adirection parall€l to the plane of the wires and perpendicular to thewires
(D) 3.4 x10* T inadirection parallel to the plane of the wiresand parallel to thewires

M G0038
A conducting circular loop of radius ais connected to two long, straight wires. The straight wires
carry acurrent i asshowninfigure. Find the magnetic field B at the centre of theloop.

I I I
(A) zero (B) (© = (D) S+

M GO0039
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A piece of wirecarrying acurrent of 6.00A isbent intheform of acircular arc of radius 10.0 cm, and
it subtends an angle of 120° at the centre. Find the magnetic field B due to this piece of wire at the
centre.
(A) zero (B) 1.26 x 10> T (C)5x10°T (D) 7.2x10°T
M GO0040
6. All straight wiresare very long. Both AB and CD arc area of the same circle, both subtending right
angles at the centre O. Then the magneticfieldat Ois

(7r+1)

() 2o (B) 22 CE

(D) 2 R
MG0041
7. Twoidentical long conducting wires AOB and COD are placed at right angles to each other. The
wire AOB carries an éectric current |, and COD carriesacurrent |,. The magnetic field on a point
lying at adistance d from O, in adirection perpendicular to the plane of the wires AOB and COD,

will be given by-

1/2
b |1+|2 |-10 |2 |2 1/2
(A) Zn(—d ) ®) 5 50+15)"

2)

20|(| +12)

M G0042
8. Themagnetic field due to a current carrying circular loop of radius 3 cm at a point on the axis at a
distance of 4 cm from the centreis 54 uT. What will beitsvalue at the centre of theloop ?
(A) 250 uT (B) 150 uT (C) 125 uT (D) 75 uT

Ho
2nd

M G0043
9. Twolong paralel wiresareat adistance 2d apart. They carry steady equal currentsflowing out of the
plane of the paper, as shown. The variation of the magnetic field B along the XX’ isgiven by
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10. A charge+2g movesvertically upwardswith speed v, a second charge —q moves horizontally to the
right with the same speed v, and athird charge + g moves horizontally to the right with the same speed
v. The point Pislocated a perpendicular distance a away from each charge as shown in the figure.
The magneticfield at point Pis
A) Into th ith itud ﬁ@
(A) Into the page wi magnitude 7, - 2 _q?_v)
2 i
. _ Ko 4qv fa
(B) Into the page with magnitude —Oiz P; 2
4TC a Ea
+q6—
. . Ko 2qv
(C) Out of the page with magnitude 4_na_2
. . Ko 4qv
(D) Out the page with magnitude 4_na_2
M G0045
11. Consdering magnetic field along theaxisof acircular loop of radius 1 meter, at what distance from

the centre of theloop themagnetic fieldis L timesof itsvalue at the centre ?

22
(A)1m (B)3m (©)5m (D)9m
M G0046

Ampere's law

12.

Congder six wires coming into or out of the page, al with the same current. Rank thelineintegra of
the magnetic field (from most positive to most negative) taken counterclockwise around each loop
shown.

(AB>C>D>A (B)B>C=D>A (C)B>A>C=D (D)C>B=D>A
M G0047
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14.

15.

16.

17.

18.

Statement-1: Amperelaw can be used to find magnetic field dueto finite length of astraight current
carryingwire.
Statement-2 : The magnetic field duetofinitelength of astraight current carryingwireis symmetric
about thewire.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for
Satement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation
for statement- 1.
(C) Statement-1 istrue, statement-2isfalse.
(D) Statement-1 isfalse, tatement-2 istrue.
M G0048
A long, cylindrical wire of radius b carries a current i distributed uniformly over its cross-section.
Find the magnitude of the magnetic field at apoint inside the wire at a distance afrom the axis.

Hol & Hola

Hoib
2nb? (B) 2nb?

(A) zero (B) 5

(©

M GO0049
A copper wire of diameter 1.6 mm carries a current of 20 A. Find the maximum magnitude of the

magnetic field B duetothiscurrent.
(A)5.0mT (B) 10 mT (C)15mT (D) 15.5mT

M G0050
A closely wound solenoid 80 cmlong has’5 layersof windings of 400 turns each. The diameter of the
solenoidis1.8 cm. If thecurrent carriedis8.0 A. estimate the magnitude of B inside the solenoid near
itscentre. (NCERT)
(A) zero (B) 8n x 10°T (C) 15n x 103 T (D) t x 103T

M GO0051
A long solenoid has 200 turns per cm and carries a current i. The magnetic field at its centre is
6.28 x 102 weber/m2. Another long solenoid has 100 turns per cm and it carries a current i/3. The
value of themagneticfield at itscentreis-
(A) 1.05 x 102 weber/m? (B) 1.05 x 10> weber/m?
(C) 1.05 x 103 weber/m? (D) 1.05 x 10~*weber/m?

M G0052
A long straight wire of radiusacarriesasteady current i. The current isuniformly distributed across

a
its cross-section. Theratio of the magnetic field at > and 2ais-

1
(A) 7 (B)4 ©1 (D) 5

M GO0053
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19. A current| flowsaong thelength of aninfinitely long, straight, thin walled pipe. Then-
(A) the magnetic field is zero only on the axis of the pipe
(B) themagnetic fied isdifferent at different pointsinsidethe pipe
(C) themagnetic field at any point inside the pipeiszero
(D) themagneticfield at all pointsinside the pipeisthe same, but not zero

M G004
20. Consder thethree closed loopsdrawnusing solid lineinthe magnetic field (magneticfield linesare
drawn using dotted line) of an infinite current-carrying wire normal to the plane of paper as shown.

Rank thelineintegral of themagnetic field along each path in order of increasing magnitude

(A)1>2>3 (B)1=3>2 (©)1=2=3 (D)3>2>1
M GO0055
21. A current carrying wire (current = i) perpendicular to the plane of the paper produces a magnetic
field, asshowninthefigure. A square of side a isdrawn with one of its vertices on the centre of the

wire. Theintegral [B.di along OPQRO hasthe value

(A) +1g (8) ! ! (D) &
M GO0056
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22.

23.

Four wires carrying current |, = 2A, 1, = 4A, |, = 6A and I, = 8A respectively cut the page

perpendicularly as shown in figure. The value of J' B.d/ for the loop shown would be :-

el

(A) +2 p-wb/m (B) =2 p-whb/m (C) + 10y -wh/m (D) — 10 p-whb/m

M G0057
What are the directions of the magnetic field between and outside apair of two parallel large sheets
carrying currentsin the samedirections, asillustrated in Figure (from the side shown)?

(A) towards us between the plates and away from us above and below the plates.
(B) toward us above the plates and away from us below plates and zero between plates.
(C) towards us above and below the plates and zero between the plates
(D) towards us between the plates and zero above and below the plates.
M G0058

Motion of chargeparticle

24,

25.

26.

A charged particle enters anon-uniform uni-directional field such that initial velocity isparallel to
magnetic field, then theradius of curvature of itspath is(in standard notation):
(A) mV/gB (B) O (C) © (D) gB/mV

M G0059
A charge particlemovesin auniform magnetic field such that initial velocity isperpendicular to the
magnetic field . No other force actson the particle.
(A) themotionisuniform rectilinear
(B) the motion can be non uniform circular motion
(C) themotion can be uniform circular motion
(D) themotion must be uniform circular motion.

M G0060
A tightly-wound, long solenoid carriesacurrent of 2.00A. An electronisfound to execute auniform
circular motion inside the solenoid with afrequency of 1.00 x 108 rev/s. Find the number of turns per
metrein the solenoid.
(A) 500 Turns/m (B) 1020 Turns/m (C) 1232 Turns/m (D) 1420 Turng/m

M GO0061
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28.

29.

30.

31

32.

33.

In aregion, steady and uniform e ectric and magnetic fieldsare present. Thesetwofieldsare parallel
to eachother. A charged particleisreleased from rest in thisregion. The path of the particlewill bea
(A) heix (B) gtraight line (C) dlipse (D) circle

M G0062
Anelectronismoving along positive x-axis. A uniform electric field existstowards negative y-axis.
What should be the direction of magnetic field of suitable magnitude so that net force of electronis
zero
(A) positivez- axis (B) negative z-axis (C) pogtivey-axis (D) negativey-axis

M GO0063
An electron having kinetic energy T is moving in a circular orbit of radius R perpendicular to a

uniform magneticinduction B . If kinetic energy isdoubled and magnetic inductiontripled, the radius
will become

3R 3 2 4
(A) =~ (B) \E R (©) \g R (D) \E R
M G0064

Two particlesA and B of massesm, and m, respectively and having the same charge are moving in
aplane. A uniform magnetic field existsperpendicular to this plane. The speedsof the particlesarev,
and v, respectively and the trgjectories are asshown inthefigure. Then [JEE, 2001 (Scr)]

(A)myv, <m.v, (B)ym,v,>m.v,
(C)m, <mgandv, <v, (D)m,=m andv, =v,

M G0065
A charged particle movesin amagnetic field B =107 withinitial velocity @ =5i + 4] . The path of

the particlewill be
(A) straight line (B) circle (C) helicd (D) none

M G0066
An electron makes 3 x 10° revol utions per second in acircleof radius 0.5 angstrom. Find the magnetic
field B at the centre of thecircle.
(A)6x101T (B) 12x 10T (C)18x10°T (D) 24 x 10°T

M G0067
Electrons moving with different speedsenter auniform magnetic field in adirection perpendicular to
thefield. They will moveaong circular paths.
(A) of sameradius
(B) withlarger radii for thefaster electrons
(C) withsmaller radii for thefaster electrons
(D) ether (B) or (C) depending on the magnitude of the magnetic field

M G0068
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34.

35.

36.

37.

In the previous question, time periods of rotationwill be:
(A) samefor dl electrons
(B) greater for thefaster electrons
(C) smaller for thefaster electrons
(D) either (B) or (C) depending on the magnitude of the magnetic field

M G0069
A particle of massm and charge g moveswith aconstant velocity v along the positive x direction. It
entersaregion containing auniform magnetic field B directed a ong the negative z direction, extending
from x = ato x = b. The minimum value of v required so that the particle can just enter the region
X>bis:- JEE 2002 (screening)]
(A)gbB/m (B)gq(b—a) B/m (©) gaB/m (D) q(b+a) B/2m

M GO0070

A magnetic field B =B, j existsintheregiona<x <2aand B =-B,j,inthe B,

region 2a < x < 3a, where B, is a positive constant. A positive point charge

moving with avelocity v = vof , Where v, is a positive constant, enters the

magnetic field at x = a. Thetrgectory of the chargein thisregion can belike, Bo

a 2a 3a a 2a 3a
(A) a 2a 3a X (B) X (C) a 2a 3a X (D) X

MGO0071
For apositively charged particlemovinginax —y planeinitially along the x—axis, thereisasudden
changein it path due to the presence of electric and/or magnetic field beyond P. The curved path is
showninthex —y plane and isfound to be non—circular. Which one of the following combinationsis
possible? [JEE 2004]

yA

A\ 4

ip
0 \

(A) E=0; B=bj+ck (B) E=ai; B=ck+a
(C) E=0; B=¢j+Dbk (D) E=ai; B=ck+bj
M GO0072
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39.

41.

42.

A particle having charge of 1 C, mass 1 kg and speed 1 m/s enters auniform magnetic field, having
magneticinduction of 1 T, at an angle 6 = 30° between velocity vector and magnetic induction. The
pitch of itshelica pathis(in meters)

V3n

R (B) 3 © ©)

MGO0073
A particle with charge +Q and mass m enters a magnetic field of magnitude B, existing only to the
right of theboundary Y Z. Thedirection of themotion of theparticleis perpendicular to the direction

m

of B.L&tT = Zn@ . Thetime spent by the particlein thefield will be

(A) TO (B) 2T0 ©T (n—;ej

M G0074
Inthe previous question, if the particle has—Q charge, the time spend by the particlein thefield will
be:-

(A) TO (B) 2T0 ©T (%nzej (D) T(ngnzej

M GO0075
A block of mass m & charge q is released on a long smooth inclined plane magnetic field B is
constant, uniform, horizontal and parallel to surface as shown. Find the time from start when block
loses contact with the surface.

Ow

mcoso mcoseco mcoto
O rs B) g (©)

(D) none

M GO0076
Inacyclotron, acharged particle
(A) undergoesacceleration al thetime.
(B) speeds up between the dees because of the magnetic field.
(C) speedsup in adee.
(D) dlows down within a dee and speeds up between dees.
M GO0077
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Ampere force & torgue

43.

46.

47.

Ingivenfigure, X andY aretwo long straight parallel conductorseach carrying acurrent of 2A. The
force on each conductor is F newtons. When the current in each is changed to 1 A and reversed in
direction, the force on eachisnow

X

JA

2A

Y
(A) F/4 and unchanged in direction (B) F/2 andreversed indirection
(C) F/2 and unchanged in direction (D) F/4 andreversedindirection

MGO0078
Two long and parallel straight wires A and B carrying currents of 8.0 A and 5.0 A in the same
direction are separated by adistance of 4.0 cm. Estimate the force on a10 cm section of wire A.

(NCERT)
(A) 2 x10° N ; attractive force normal to B towardsA.
(B) 2x 10° N ; attractive force normal to A towards B.
(C) 5 x 10° N ; attractive force normal to A towards B.
(D) 5x 10° N ; attractive force normal to B towardsA.
M GO0079

The magnetic field lines dueto abar magnet are correctly shownin:-  [JEE 2002 (screening)]

S S S S

M G0080
A wire of mass 100 g carrying a current of 2A towards increasing X is in the form of

y = X% (-2m < x < +2m). Thiswire is placed in a magnetic field B = ~0.02k Teda& gravity free
region. Theacceleration of thewire (inm/s) is:-

(A) -1.6] (B) -3.2] (C) 1.6 (D) 2.4

M G0081
A circular loop of radius R carriesacurrent |. Another circular loop of radiusr(<<R) carriesacurrent
i and isplaced at the centre of the larger loop. The planes of thetwo circlesare at right angleto each
other. Find the torque acting on the smaller loop.

uomilr?
4R

uomilr?
2R

uomilr?

(A) zero (B) R

(© (D)

M G0082
A particle of chargeq and massm movesin acircular orbit of radiusr with angular speed ®. Theratio
of the magnitude of its magnetic moment to that of its angular momentum depends on.
(A) ®mand q (B) », gand m (C©)gandm (D) ®and m

M G0083
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49. A rectangular coil PQ has2nturns, an area2aand carriesacurrent 21, (refer figure). The planeof the
coil isat 60° to a horizontal uniform magneticfield of flux density B. The torque on the coil dueto
magnetic forceis:-

2n, 2a, 21
coil JA60°2
B
(A) Bnal sin60° (B) 8Bnal cos60° (C) 4nal Bsin60° (D) none

M G0084

50. Thesguareloop ABCD, carryingacurrent I, isplaced in auniform magnetic field B, asshown. The
loop can rotate about the axis XX'. The plane of the loop makes an angle 6 (6 < 90°) with the
direction of B. Through what anglewill theloop rotate by itsdf beforethetorque onit becomes zero—

(A)0 (B) 90° —0 (C) 90° + 6 (D) 180° —0

M G0085
51. Figureshowsasguarecurrent carrying loop ABCD of side 10 cmand current i = 10A. The magnetic

moment M of theloopis
(A) (0.05) (i —3k)A—m?
(B) (0.05) (j+k)a—m?
(C) (0.05) (V3i+k)A-m?
(D) (i+ I?)A —m?

M G0086
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52.

53.

55.

A disc of radiusr and carrying positive charge q is rotating with an angular speed ® in auniform
magnetic field B about a fixed axis as shown in figure, such that angle made by axis of disc with
magnetic fieldis 0. Torque applied by axisonthediscis

‘(L)

/\)

Fixed axis
r’Bsin® r’Bsin®
(A) qu clockwise (B) Q(”T , anticlockwise
r’Bsin® r’Bsin®
©) qu , anticlockwise (D) Q(”T clockwise

M G0087
Threerings, each having equal radius R, are placed mutually perpendicular to each other and each
having itscentre a the origin of co-ordinate sysem. If current | isflowing through each ring thenthe
magnitude of the magnetic field at the common centreis

15
\

Bol Hol Hol
ORER= (B) zero © (2-1fe @ (E-V2)e
M G0088
Two mutually perpendicular long conducting wire carrying currents|, and |, liein oneplane. Locus
of the point at which the magnetic inductioniszero, isa
(A) circlewith centre asthe point of intersection of thewire.
(B) parabolawith vertex asthe point of intersection of thewire
(C) straight line passing through the point of intersection of thewire
(D) rectangular hyperbola
M G0089

A uniform magnetic field §=(3f+4]+f<) Teslaexist in aregion of space. A semicircular wire of

radius 1 m carrying a current of 1A having its centre at (2,2,0) m is placed on the X-Y plane as
shown. Theforce on the semicircular wire will be

@m 2m)

y

45
1A

X

® 5 (1R @) 3 (i- T+ k)N © Hi+I-kN @ Va(i+]-k)n
M GO0090
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57.

58.

59.

A very long wire carrying current | is fixed along x-axis. Another parallel finite wire carrying a

current in the opposite direction iskept at adistanced abovethewirein xy plane. The second wireis

freetomove parallel toitself. The optionsavailablefor itssmal displacementsarein

(i) +vex direction (ii) +veydirection (iii) +vezdirection

Taking gravity in negativey direction, the nature of equilibrium of second wireis

(A) gablefor movement in x direction, unstable for movement iny direction, neutral for movement in
zdirection

(B) stablefor movement iny direction, unstable for movement in z direction, neutral for movement in
x direction

(C) stablefor movement in z direction, unstable for movement iny direction, neutral for movement in
x direction

(D) gablefor movement iny direction, unstable for movement in x direction, neutral for movement in
zdirection

M GO0091
A current flowsthrough arectangular conductor in the presence of uniform magnetic field B pointing
out of the page as shown. Then the potential differenceV -V, isequal to

(Assume charge carriesin the conductor to be positively charged moving with speed v)
a

IN

(A) Bvc (B) Bvc (C) Bvb (D) -Bvb
M G0092
A moving coil galvanometer has 150 equal divisions. Itscurrent sensitivity is10 divisions per milli
ampere and voltage sendtivity is2 divisions per millivolt. In order that each divisionreads1V, the
resistancein Ohm's needed to be connected in serieswith the coil will be- [AIEEE-2005]
(A) 103 (B) 10° (C) 99995 (D) 9995
M G0093
SUPPLEMENT ON MAGNETIC PROPERTIES OF MATTER
Two short magnets of magnetic moment 2Am? and 5Am? respectively are placed along two lines
drawn at right angle to each other on the sheet of paper asshown in thefigure. What isthe magnetic
field at the point of intersection of their axis:

S i N
— G
IS
@ <« =03m __ T
r, =0.4m
I
@ |:|s
(A) 2.15%x 10°T (B) 215 x 10°T (C) 2.15x 10T (D) 21.5x 10°T

M GO0094
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61.

62.

63.

65.

606.

A steel wire of length L has a magnetic moment M. It isthen bent into a semi-circular arc; the new
magnetic moment will be:
(A) M (B) 2M/=n (C) M/L (D) M x L

M GO0095
Two bar magnets of the same mass, same length and breadth but having magnetic moments M and
2M are joined together north pole to north pole and suspended by a string . The time period of
assembly inamagnetic field of strength H is 3 seconds. If now the polarity of one of the magnetsis
reversed and the combination isagain madeto oscillatein the samefield, thetime of oscillationsis:

(A) /3 sec (B) 3./3 sec (C) 3sec (D) 6sec
M G0096
When magnetic field at P and Q is samethen OP/OQ = ?
iQ
[0 I — + ........ p
A B : C D >
3 - 2
(A) 92 B) %5 (©) 22 ) 575
M GO0097
Similar pole each of pole strength m are placed at adistanceof 1, 24, 8, ............ meters from the

origin on thex-axis. Where do you place asimilar polen the other sideof the origin so that the origin
becomesaneutral point :-
(A)0.5m (B) 0.5774 m (C)0.86m (D) Im

M G0098
Two identical poleseach of pole strength 4 x 10~ amp-m placed at the two corners of an equilateral
triangle of side20 cm. The magnetic field at thethird corner is:-

(A) /3x108 N/amp-m (B) % x 108N/amp-m
(©) zero (D) 108 N/amp-m

M G0099
The magnetic field at a point on the axis of a dipole is 20 Wh/m? Northwards. What will be the
magnetic induction at the point if the dipole be rotated anticlockwise by 90° :-
(A) 10 Wb/m? Eastwards (B) 10 Web/m? Southwards
(C) 10 Wb/m? Northwards (D) 20 Wb/m? Southwards

M G0100
A bar magnet of magnetic moment 2A-m? free to rotate about a vertical axis passing through its
centre. The magnet is released from rest from east-west position. Then the kinetic energy of the
magnet as it takes North-South position is (horizontal component of the earth's field is 25uT and
angleof declinationiszero:-

(A) 25 pJ (B) 50 ] (C) 100 wJ (D) 125 pJ



Magnetic Effect of Current

68.

69.

70.

71.

72.

73.

The mid points of two small magnetic dipoles of length d in end-on positions, are separated by a
distance x, (x >> d). Theforce between them is proportional to x ™" wherenis:-

(A)3 (B) 4 (©)2 (D)1

MG0102
A permanent magnet has shape of athin disc with magnetic moment along its axis the radius of the
discis1cm. Themagnetic field dueto it can be assumed to bethat dueto molecular current I' flowing

along the rim of the disc. If B at a distance of 10 cm from it's centre on the axis is 30T, find I'
(approximately) :-
(A) 1kA (B) 0.5 kA (C) 25kA (D) 3kA

MG0103
The angle of dip at aplaceis30° and theintensity of the vertical component of the earth's magnetic
field V = 6 x 10°T. Thetota intensity of the earth's magnetic field at thisplaceis:
(A)7x10°T (B)6x10°T (C) 5x10°T (D)12x10°T

MG0104
Thetotal intensity of the earth'smagnetic field at the magnetic equator is5 units. What isitsvalue at
amagnetic latitude of 37 degree?

(A) /73 units (B) /52 units (C) 4 units (D) 3 units

M G0105
A magnet is suspended in the magnetic meridian with an untwisted wire. The upper end of wireis
rotated through 180° to deflect the magnet by 30° from magnetic meridian. When the magnet is
replaced by another magnet, the upper end of wireisrotated through 270° to deflect the magnet 30°
from magnetic meridian. Theratio of magnetic moments of magnetsis :-
(A)1:5 (B)1:8 (C)5:8 (D)8:5

M G0106
The imagined magnet makes an angle of 11.3° with earth's axis. On the earth, there are two points
where magnetic equator and geographic equator meet let the angle of dip and angle of declination at
these point be 6 & ¢ respectively :-
(A)6=¢=0° (B)6=11.3° ¢=0°
©6=0, ¢=11.3° (D)6=¢=11.3°

M G0107
A specimen of iron of permeability 8 x 10= weber/ amp x metre is placed in a magnetic field of
intensity 160 amp/metre. Then magneticfieldinthisironis:
(A) 20 x 103Wb/m?  (B) 1.28 Wh/m? (C)5x10°Wb/m? (D) 0.8Wh/m?

M GO0108
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74.

75.

76.

77.

Curietemperatureisthetemperature abovewhich :
(A) aparamagnetic material becomes diamagnetic
(B) aferromagnetic material becomes diamagnetic
(C) aparamagnetic material becomesferromagnetic
(D) aferromagnetic material becomes paramagnetic

MG0109
If asolution of ferromagnetic material ispoured into aU-tube and one arm of thisisplaced between
the poles of a strong magnet with the meniscus in line with the field, then the level of the solution
will:
(A) Rise (B) Fall
(C) Risetill theliquid comes out (D) Remain unchanged

MG0110
A sample of paramagnetic salt contains 2.0 x 10 atomic dipoles each of dipole moment
1.5 x 102JT-L. The sampleis placed under ahomogeneous magnetic field of 0.84T, and cooled to
atemperature of 4.2K. The degree of magnetic saturation achieved isequal to 15%. What isthetotal
dipole moment (approximate) of the samplefor amagneticfield of 0.98 T and atemperature of 2.8K?
(Assume Curie'slaw).
(A)7.9J71 (B)525J3T (©)30JT? (D)4.6JT

MGO0111
TheB-H curvefor acertain specimen isschematicaly shown by the given diagram. Which one of the
following isthe correct magnetic nature of the specimen?

7

B

A

(A) Diamagnetic and not ferromagnetic or paramagnetic

(B) Ferromagnetic and not diamagnetic or paramagnetic

(C) Paramagnetic and not diamagnetic or ferromagnetic

(D) Applicableto al the threetypes of magnetism mentioned above

MGO0112
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78. Twotypesof steel are characterized by the hysteresisloops showninfigure (a) and (b). Theloopsare
obtained in the processes of magnetization and demagneti zation of thested s. Which of thetwo types
isbest suited for using asthe core of atransformer and which, for using as apermanent magnet ?

B B
? 0 j H j / H
@) (b)

(A) Both are best suited for transformer

(B) Both are best suited for permanent magnet

(C) A isbest suited for permanent magnet & B isbest suited for core of transformer
(D) A isbest suited for core of transformer & B isbest suited for permanent magnet

MGO0113
79. A materid satisfiedtherelation i ,(H + M) = 0, where H and M are magnetic intensity and magnetisation
respectively, then material is:-
(A) nonmagnetic (B) paramagnetic (C) ferrormagnetic (D) diamagnetic
MGO0114
80. Thefigurerepresent B-H curvefor commercial iron. AsH isincreased, permeability :-
B
o >
(A) increases and becomes constant
(B) increases, reaches amaximum and then decreases
(C) decreases continuoudly till it becomesvery small
(D) decreasesreaches aminimum and then increases
MGO0115
8l. Statement-1: Thesengtivity of amoving coil galvanometer isincreased by placing asuitable magnetic

material asacoreinsidethecoil.

and

Statement-2 : Soft iron has a high magnetic permeability and cannot be easily magnetized or
demagnetized.

(A) Statement-1isTrue, Statement-2 is True; statement-2 isacorrect explanation for statement-1
(B) Statement-1isTrue, Statement-2isTrue; statement-2isNOT acorrect explanation for statement-1
(C) Statement-1isTrue, Statement-2isFase

(D) Statement-1isFase, Statement-2isTrue

MGO0116
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85.

86.

87.

Horizontal magnetic field of earth at Mumbai is1.5x 10~ T in North direction. A small bar magnet
of magnetic moment 10 Am? is kept on a horizontal table such that its North pole points due North.
What isthe magnetic field at 10 cm from centre of magnet at apoint on its axisdue North of it :-
(A)35x104T (B)5x10°T

(C)2.15x103T (D) 1.15x103T

MGO0117
A compass needle kept on a horizontal table pointsin direction 30° west of north. A lineis marked
showing this direction and compass is now kept in vertical plane containing this line. The needle
pointsin direction 30° below horizontal. If the plane of compassis4till vertica but containstrue north
south direction at what angle to horizontal will needle point :-

-1 3 -1 2 1 -1 1
(A) tan (gj (8) tn (gj (©) tan”*(2) (D) tan (gj

MG0118
In amoving coil galvanometer the number of turnsN = 24, area of the coil A =2 x 102 m?, and the
magnetic field strength B =0.2 T To increaseitscurrent sensitivity by 25% we :-
(A)increaseBto0.30 T (B) decrease A t0 1.5 x 103 m?
(C) increase N to30 (D) none of the above

MG0119
A thin rectangular magnet suspended freely has a period of oscillation equal to T. Now it is broken
into two equd haves (each having haf of the original length) and one pieceis madeto oscillate fredy

inthesamefield. If itsperiod of oscillationisT', theratio T'/T is- [AIEEE - 2003]
A . B 1 C)2 D 1
R 55 (B 5 (©) () 5

MG0120
The magnetic lines of forceinside abar magnet: [AIEEE - 2003]

(A) arefrom north-poleto south-pole of the magnet

(B) do not exist

(C) depend upon the area of cross-section of the bar magnet
(D) arefrom south-poleto north-pole of the magnet

MG0121
Thelength of amagnet islarge compared to itswidth and breadth. Thetimeperiod of itsoscillationin
avibration magnetometer is 2s. The magnet is cut along its length into three equal partsand three
parts are then placed on each other with their like polestogether. Thetime period of thiscombination
will be- [AIEEE - 2004]

(A) 2s (B) 2/3s (C)2./3s (D) 2/./3s
M G0122
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89.

90.

91.

The materialssuitablefor making electromagnets should have- [AIEEE - 2004]
(A) high retentivity and high coercivity
(B) low retentivity and low coercivity
(C) highretentivity and low coercivity
(D) low retentivity and high coercivity
MG0123

MULTIPLE CORRECT TYPE QUESTIONS

I
Consider three quantitiesx = E/B, y = \/1/ g, andz:a.Here,I isthelength of awire, Cisa

capacitance and R isaresistance. All other symbols have standard meanings.
(A) X, y have the same dimensions

(B) y, z have the same dimensions

(C) z, x havethe same dimensions

(D) none of thethree pairs have the same dimensions.

MG0124
The magnetic linesof force dueto astraight current carrying wirewill be:
(A) circular for finitelength of wire
(B) circular for semi-infinitewire
(C) circular for infinitewire
(D) Parabolicfor finitewire

MG0125
A current | flowsaong thelength of aninfinitely long, straight, solid pipe. Then correct statement(s)-
(A) Themagnetic field iszero only on the axis of the pipe
(B) Themagneticfieldisdifferent at different pointsinsde the pipe
(C) Themagnetic field is maximum on surface
(D) Themagneticfield at all pointsinside the pipeisthe same, but not zero

MGO0126
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92.

93.

Figure showscross-section view of ainfinitecylindrical wirewith acylinderical cavity, current density

isuniform J = _jOR asshowninfigure.

(A) Fidldinsidecavity isuniform
(B) Fidldinside cavity isalong a
(C) Fieldinsde cavity isperpendicular to 3
(D) If an éectronis projected with velocity v, ] it will move undeviated before colliding with cavity
wall

MG0127
A particle of massm and charge g, moving with velocity V enters Region || normal to the boundary
as shown in the figure. Region Il has auniform magnetic field B perpendicular to the plane of the
paper. Thelength of the Region Il is /. Choose the correct choice(s)

Region 1| Region Il | Region Il
X X X X
X X X X
8/ | X X X X
X X X X
X X X X

/B
(A) The particleentersRegion 111 only if itsvelocity V > q?

(B) The particleentersRegion |11 only if itsvelocity V < %

/B
(C) Path length of the particlein Region Il ismaximum when velocity V = q?

(D) Time spentin Region 11 issamefor any velocity V aslong asthe particle returnsto Region |

MGO0128
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94. A particle of charge q is projected with amomentum p_ pj in the given region of magnetic field
B = Bk - It emergesfrom the magnetic field after deviating through an angle 6 = 30°.
(A) Thevaueof p is2gBd
(B) Thevalueof p isgBd 0o © 9® »X
O %
P © \v y
(C) Maximum change in momentum takes placeford = —
oB ® ®© L» X
<—Gd)—>
(D) Maximum change in momentum takes placefor d = 2(qu
MG0129
95. Current flows through uniform, square frames as shown. In which case is the magnetic field at the
centre of theframe not zero. The wire current carrying shown outside coil and infinitely long.?
(A) (B) (©) (D)
MG0130
96. A long straight wire carries a current along the x-axis. Consider the pointsA(0, 1, 0), B(O, 1, 1),
C(1,0,1) andD(1, 1, 1). Which of thefollowing pairs of pointswill have magnetic fieldsof the same
magnitude?
(A)AandB (B)AandC (©)BandC (D)Band D
MG0131
97. Twoidentical charged particles enter auniform magnetic field with same speed but at angles 30° and
60° with field. Let a, b and c bethe ratio of their time periods, radii and pitches of the helical paths
than
(A)abc=1 (B)abc>1 (C)abc<1 (D) a=bc
MG0132
98. Anéectronismoving along the positive X-axis. You want to apply amagnetic field for ashort time

so that the electron may reverseits direction and move parallel to the negative X—axis. This can be
done by applying themagnetic field along :-
(A)Y-axis (B) Z-axis (C) Y-axisonly (D) Z-axisonly

MG0133



EE-Physi
E7R - -Physic .

99.

100.

In aregion of space, auniform magnetic field B existsin the y-direction. A proton isfired from the
origin, withitsinitial velocity v making asmall angle a with the y-direction in the yz plane. In the
subsequent motion of the proton,

(A) itsx-coordinate can never be positive

(B) itsx- and z-coordinates cannot both be zero at the sametime

(C) its z-coordinate can never be negative

(D) itsy-coordinate will be proportional to the square of itstime el apsed

MGO0134
COMPREHENSION TYPE QUESTIONS

Paragraph for Questionsno. 100to 103
A veocity filter usesthe properties of eectric and magnetic fiddsto select charged particlesthat are
moving with aspecific velocity. Charged particleswith varying speeds are directed into thefilter as
shown in figure. The filter consists of an electric field E and a magnetic field B, each of constant
magnitude, directed perpendicul ar to each other as shown. The particlesthat move straight through
the filter with their direction unatered by the fields have the specific filter speed, v,. Those with
speedsto v, may experience sufficiently little deflection that they al so enter the detector.

Detector

E
Y g
(nto ¥ d Q ®:
page) ®Q ®®
®R Vv ®®

The charged particle will experience aforce dueto theelectric field given by therelationship F = g,

where qisthe charge of the particleand E isthedectricfield. Themoving particle will aso experience
aforce due to the magnetic field. This force acts to oppose the force due to the electric field. The

strength of theforce dueto themagnetic field isgiven by therelationship F = q(y x g ), Wheregisthe

charge of the particle, v isthe speed of the particle, and g isthe magnetic field strength. When the
forcesdueto thetwo fields are equal and opposite, the net force on the particle will be zero, and the
particlewill passthrough thefilter with its path unaltered. The electric and magnetic field strengths
can be adjusted to choose the specific velocity to befiltered. The effectsof gravity can be neglected.
The electric and magnetic fieldsin the filter of figure are adjusted to detect particles with positive
charge g of acertain speed, v_. Which of the following expressionsisequal to thisspeed ?
(A) BI(oPE) (B) E/(oB) (C) BIE (D)EB

MG0135
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101. Which of thefollowing istrue about the vel ocity filter showninfigure?
(A) It would not work with negatively charged particles
(B) Thewider the detector entrance, the more narrow the range of speed detected
(C) The greater the distanced, the more narrow the range of speeds detected
(D) Thedetector may not detect acharged particle withthe desired filter speedif itschargeistoo high

M G0136
102. Which of thefollowing satementsistrue regarding acharged particle that ismoving through the filter
at aspeed that islessthan the filter speed ?
(A) It experiencesagreater force dueto the magnetic field than dueto theelectric field
(B) It experiencesagreater force dueto the electric field than due to the magnetic field
(C) It experiences equal force dueto both fields but greater accel eration dueto the electricfield
(D) It experiences equal force dueto both fields but greater acceleration dueto the magnetic field
MG0137
103. Particlesof identica massand charge are sent through thefilter a varying speeds, and the magnitude
of acceleration of each particleisrecorded asit first beginsto be deflected. If thefilter isset to detect
particles of speed v, which one of thefollowing is correct graph between accel eration and vel ocity of

particle:

r r 1\ N
(A) @ (B)® (O i (D)@ i

Vy =— Vy =—

v v

MGO0138

MATRIX MATCH TYPE QUESTION
104. Three wires are carrying same constant current i in different directions. Four loops enclosing the

wiresin different mannersare shown. The direction of d7 isshowninfigure.

- “ .
Lu Loop-2

i
Q}_@d:bLoopA
| |

Column-I Column-I1
(A) Along closed loop-1 (9 95 B.d/ = i
(B) Along closed loop—2 (@ cj.) B.d/ =i
(C) Along closed loop-3 (r) cﬁ Bd/=0
(D) Alongclosed loop—+4 (9 Network done by the magnetic forceto movea

unit charge along theloop iszero
MG0139
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105.

(A)

(B)

©

(D)

(B)

Column-1 (Magnetic moment of)

auniformly charged ring rotating uniformly about itsaxis

acharged particlerotating uniformly about a point

auniformly charged disk rotating uniformly about itsaxis

auniformly charged spherical shell rotating

uniformly about oneof itsdiameter

auniformly charged sphererotating

()

@

(r)

©

(®

Column-I|

qoor?

M GO0140
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EXERCISE (0-2)

SINGLE CORRECT TYPE QUESTIONS
A ring like metallic conductor of resistance R and radiusa, cariesaconstant current I. Theratio of the
angular momentum L of the conduction el ectrons (about the axis of the ring) and themagneticfield B
at the centre of the ring satisfy [where e and m represent the magnitudes of the electronic charge and
mass]
B € B B e B m

MG0141
Which of the following field patternsiscorrect for two long straight equal parallel current carrying
wires?

(©

MG0142
Aninfinitely long conductor PQR is bent to form aright angle as shown. A current | flowsthrough
PQR. The magnetic field dueto thiscurrent at thepoint M isH,. Now, another infinitely long straight
conductor QSisconnected at Q sothat the current in PQ remaining unchanged. Themagnetic field at
Misnow H,. Theratio H,/H, isgiven by :-

(A) 1/2 (B) 1 (C) 2/3 (D) 2
M G0143
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4.

Equd antiparalel currentsaredirected intwo parallel wiressothat oneisout of the page and the other
isinto the page as shown. Compare the magnitude of the magnetic field B, at any arbitrary point
equidistant from the wires to the magnitude of thefield B, at that point from onewire alone :-

(A) B, >B, for all equidistant points

(B) B, < B, for all equidistant points

(C) B,>B, for closer equidistant points only
(D) B, < B, for closer equidistant points only

MG0144
A long straight wire along the z-axis carries a current | in the negative z direction. The magnetic

vector field B at apoint having coordinates (x, y) inthez=0planeis:- [JEE 2002 (screening)]

1ol (vi —x)) Bl (xi +yij)
A) o 2n (X* +y?) (B) 2n (X* +y?)
ol (XJ yi) Bl (XI yi)
© o 2n (x> +y?) ®) 5r 2n (X* +y?)

M G0145
Infinite number of straight wires each carrying current | are equally placed as shown in thefigure.
Adjacent wires have current in opposite direction. Net magnetic field at point Pis:-

Mol In2 ¢ Hol In4 Hol In4(_|2)

(A) 27 4n \/_a (B) 4n \/_a © 4n \/§a

(D) Zero

M GO0146
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~N

In the diagram shown, awire carriescurrent I. What isthe value of the j§ B-ds (asin Ampere'slaw)

on the helical loop shown inthe figure? The integration in done in the sense shown. Theloop hasN
turnsand part of helical loop on which arrows are drawn is outside the plane of paper.

TSR

(A) — k(NI (B) k(1) (C) H(NI) (D) Zero

MG0147
A coaxial cableis made up of two conductors. Theinner conductor issolid and isof radiusR, & the
outer conductor is hollow of inner radius R, and outer radius R,. The space between the conductors
isfilled with air. Theinner and outer conductors are carrying currents of equal magnitudesand in
opposite directions. Then the variation of magnetic field with distance from the axisisbest plotted as:

(B)

(©

1 r—>»

MGO0148
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10.

11.

A small segment of length aiscut along z-axisfrom ainfinite sheet having asurface current density
J(current per unit width). Themagneticfieldat Pis:-

Pe y
T 1.,
FTe[eleTs] [s[e[s[e[e]
—aj—
J
h - J- oJ ~ ol h ~

MG0149
A hollow cylinder having infinite length and carrying uniform current per unit length A along the
circumference as shown. Magneticfield insidethecylinder is:-

~
SN

<
N

Hol
(A) N (B) pr (C) 2u (D) none

MG0150
Two long conductors are arranged as shown above to form overlapping cylinders, each of radiusr,
whose centers are separated by a distance d. Current of density Jflows into the plane of the page
aong the shaded part of one conductor and an equal current flows out of the plane of the page along
the shaded portion of the other, asshown. What are themagnitude and direction of the magnetic field
at point A?
d

rI Conductor
o () 1
Vacuum ’
(A) (ny/2m)rd], inthe+y-direction (B) (n/2m)d?fr, inthe +y-direction
(C) (ny/2m)4d?Jr, inthe—y-direction (D) (ny/2m)dr?/d, inthe—y-direction

MGO0151
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12. Anionized gascontainsboth positiveand negativeions. If it issubjected simultaneoudy to an electric
field along the +x direction and amagnetic field along the +z direction, then [JEE 2000 (Scr)]
(A) positiveionsdeflect towards +y direction and negative ionstowards—y direction
(B) all ionsdeflect towards+y direction.
(C) dll ionsdeflect towards—y direction
(D) positive ionsdeflect towards—y direction and negativeionstowards+y direction.
MG0152
13. Att=0a chargeqisat theorigin and moving in the y-direction with velocity v = v] . The charge
movesin amagnetic field that isfor y > 0 out of page and given by B, 2 andfor y <0 into the page
and given —B,, Z . Thecharge's subsequent trajectory isshown in the sketch. From thisinformation,
we can deduce that
y
oS /
‘ : Bz@ U
(A)g>0and|B,|<|B,| (B)ga<Oand|B,|<|B,|
(C)q>0and|B, [>]B,| (D)g<Oand|B,|>|B,|
MG0153
14. A particle of specific charge (charge/mass) a starts moving from the origin under the action of an
electricfield E = E,i and magneticfield B =Bk . Itsvelocity at (x,, Y,, 0) is (4i - 3j) . Thevalueof
X, IS:
13 ak, 16 0B, 25 Sa
(W) g, (B) g, ©) 2qE, (D) 5p,
MG0154
15. A particle of specific charge (g/m) is projected from the origin of coordinateswith initial velocity
[ui —vj]. Uniform electric and magneticfieldsexist intheregion along the +y direction, of magnitude
E and B. Theparticlewill definitely returnto the origin onceif
(A) [vB/2nE] isaninteger (B) (U?+Vv?)¥2 [B/rE] isaninteger
(C) [vB/=rE] inaninteger (D) [uB/nE] isaninteger
M G0155
16. An electron moving with avelocity \71 —2i misata point in amagnetic field experiencesaforce

F= —2jN . If the electron ismoving with avel ocity \72 = 2] m/sat the same point, it experiencesa
force I*:2 =+2iN. The force the electron would experience if it were moving with a velocity
V, = 2k m/sat thesamepoint is

(A) zero (B) 2kN

(C) —2kN (D) informationisinsufficient
M G0156
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17.

18.

19.

20.

The magnetic force between wiresas showninfigureis:-
i* IL
A
Xi
Y
|
Woil®  (x+¢ woil®  (2x+¢ Hoil (x+€j
—/n| — /n —=/n| —
(A) o [ o (B) o % © on » (D) None of these
M G0157
A semi circular current carrying wire having radius R isplaced in x-y planewithitscentreat origin

‘O’. There is non-uniform magnetic field B = 2‘;(

K (here B, is +ve congtant) is existing in the
region. Themagnetic force acting on semi circular wirewill beaong :-

Y

A

I

(ROD 7 ORI x

e
/
4

¥

Z
(A) —x-axis (B) +y-axis (C) —y-axis (D) + x-axis
MG0158
A conducting ring of mass 2 kg and radius 0.5 m is placed on a smooth
horizontal plane. Thering carriesacurrenti = 4A. A horizontal magnetic B
field B = 10T isswitched on at timet = 0 as shownin figure. The initial
angular acceleration of thering will be:-
(A) 40 &t rad/s? (B) 20 &t rad/s (C) 5 nrad/s? (D) 15 &t rad/s?

MG0159
In the figure shown acail of singleturn iswound on a sphere of radius R and mass m. The plane of
the coil isparallel to the plane and liesin the equatoria plane of the sphere. Current in the coil isi.
Thevalueof B if the sphereisinequilibriumis:-

mg cos O g

B mgsin 6
miR (B) niR

miR

(D)

M GO0160
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21. A non-planar loop of conducting wire carrying acurrent | is placed asshown in the figure. Each of
the straight sections of the loop is of length 2a. The magnetic field due to this loop at the point

P (a0, @) pointsinthedirection :- [JEE, 2001 (Scr)]

Ay

(A)%(—AHIA() (B)%(—]H?ﬁ) (C)%(ﬂ]#l?) (D)%(ﬂﬁ)

MGO0161

22. Two protons move parallel to each other, keeping distance r between them, both moving with same

velocity v . Thentheratio of the electric and magnetic force of interaction between themis:-

(A) ¢2/Vv? (B) 2¢2/v? (C) ¢2/2v? (D) None
M G0162
MULTIPLE CORRECT TYPE QUESTIONS

23. A particle of charge'q and mass'm' enters normally (at point P) in aregion
of magnetic field with speed v. It comes out normally from Q after time T as
showninfigure. Themagnetic field B ispresent only intheregion of radius
R and isuniform. Initial and final velocities are dlong radial directionand Y
they are perpendicular to each other. For thisto happen, which of thefollowing
expression(s) isare CORRECT :-

mv R m
(A)B= q_R B)T= N OT= ﬁ (D) None of these

M G0163
24. A particle of massm and charge g moving with velocity vy entersaregion of uniform magnetic field
of induction B. Then
(A) itspathintheregion of thefieldisalwayscircular
(B) itspathin theregion of thefieldiscircular if v.B=0
(C) itspath intheregion of thefield isastraight lineif vxB=0
(D) distancetravelled by the particlein time T does not depend on the angle between v and B
M G0164
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MATRIX MATCH TYPE QUESTION

25. A charged particle with someinitial velocity is projected in aregion where uniform electric and/or
magnetic fields are present. In Column-I information about the existence of electric and/or magnetic
field and direction of initial velocity of charged particle are given, while in column-I1 the possble
paths of charged particleis mentioned. Match the entries of Column | with theentries of Column-I11.

Column— Column-|

(A) E=0,B =0 andinitial velocity is (P) Straightline
at an unknown angle with B
(B) E=0,B =0 andinitial velocity is (Q) Parabola
at an unknown angle with g
(C) E=0,B=0, E|B andinitia velocity ~ (R) Circular
isperpendicular to E
(D) E«0,B=0,E isperpendicular to B (S) Helical pathwith nonuniform pitch
andinitial velocity isperpendicular to

both E and B (T) Heélical pathwith uniform pitch
M G0165
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EXERCISE-IM

Two long parallel wiresare a adistance 2d apart. They carry steady equal currentsflowing out of the
plane of the paper as shown. The variation of the magnetic field B along the line XX" isgiven by:-

[AIEEE - 2010]
B
i 5 H

X (4) X

\/ T d\/
M G0166

A current | flowsin aninfinity long wirewith cross section inthefrom of asemicircular ring of radius
R. the magnitude of the magnetic induction alongitsaxisis:- [AIEEE - 2011]

Ho| Ho! ol Ko
(1) 2nR (2 4R (3) °R ) 2n°R
MG0167
An electric charge + q moves with velocity V = 3j +4] +k , in an electromagnetic field given by

E=3i+]+2k B=i+]-3k.They-component of theforce experienced by + g is:
[AIEEE - 2010]
(1) 2q (2)11q (3549 (4)3q
MG0168
A thincircular disk of radiusR isuniformly charged with density ¢ > 0 per unit area. The disk rotates
about its axiswith auniform angular speed ®. The magnetic moment of thedisk is:-
[AIEEE - 2011]

4 4

O

(1) 2nR%® (2) nR%w (©) ik

MGO0169
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A charge Q isuniformly distributed over the surface of non-conducting disc of radius R. The disc
rotates about an axis perpendicular toits plane and passing through its centre with an angular velocity
. Asaresult of thisrotation amagnetic field of induction B isobtained at the centre of thedisc. If we
keep both the amount of charge placed on the disc and itsangular vel ocity to be congtant and vary the
radiusof the discthen thevariation of the magneticinduction at the centreof thedisc will berepresented

by thefigure:- [AIEEE-2012]
! ! ! !
@) ©) (4)
R——> R——> R——> R——>
MGO0170

6.  Two short bar magnets of length 1 cm each have magnetic moments 1.20 Am2 and 1.00 Am?
respectively. They are placed on ahorizontal table parallel to each other with their N poles pointing
towardsthe South. They have acommon magnetic equator and are separated by adistance of 20.0cm.
The value of the resultant horizontal magnetic induction at the midpoint O of the line joining their
centresiscloseto :- (Horizontal component of earth's magnetic inductionis 3.6 x 10->Wh/m?)

[JEE(Mains) - 2013]
(1) 3.6 x 105> Wh/m? (2) 2.56 x 104 Wb/m?
(3) 3.50 x 104 Whb/m? (4) 5.80 x 104 Whb/m?
MGO0171

7. A conductor liesaong the z-axisat —1.5 < z < 1.5 m and carries a fixed current of 10.0A in -3,

direction (seefigure). For afield B=3.0x10"*e**4, T, find the power required to move the conductor

at constant speedtox =2.0m, y =0 min 5 x 10-3s. Assume parallel motion along the x-axis.
[JEE(Mains) - 2014]

(1) 14.85W (2)29.7W (3)1.57W (4)297W
MGO0172
8.  Thecoercivity of asmall magnet where the ferromagnet gets demagnetized is 3 x 103 A m1. The
current required to be passed in a solenoid of length 10 cm and number of turns 100, so that the
magnet gets demagnetized wheninside the solenoid, is: [JEE(Mains) - 2014]

(1) 3A (2 6A (3) 30MA (4) 60 mA
MGO0173
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|
9.

10.

11.

Two long current carrying thin wires, both with current |, areheld by the insul ating threads of length
L and arein equilibrium as shown in thefigure, with threads making an angle'6' with thevertical. I
wires have mass A per unit length then thevalueof | is:- (g = gravitational acceleration)

[JEE(Mains) - 2015]

o\L

| |
[mgL /nkgL . gL [ gl
2 [—tano ——tan0 sing |——— 2sinf | ——
(1) Ho 2) Ho (3) M, COSO ) M, COSO

MGO0174
A rectangular loop of sdes10cmand 5 cm carrying acurrent | of 12 A isplacein different orientations
asshown inthefiguresbelow : [JEE(Mains) - 2015]

z z

| “ J BT‘

vl Al |
| < y
< B
/4_/'T
|

@ , oy (b)
|
X
VA

If thereisauniform magneticfield of 0.3 T inthe positive z direction, in which orientationstheloop
would bein (i) stableequilibrium and (ii) unstable equilibrium ?
(1) (b) and (d), respectively (2) (b) and (c), respectively
(3) () and (b), respectively (4) (8) and (c¢), respectively
MGO0175

Two coaxial solenoidsof different radii carry current | inthe samedirection. Let F, bethemagnetic

force on theinner solenoid due to the outer oneand F, be the magnetic force on the outer solenoid
duetotheinner one. Then : [JEE Main-2015]
(1) F, isradialyinwardsand F, =0
(2) F, isradialy outwardsand F, =0
(@ F=F=0
(4) E isradialy inwardsand F, isradially outwards.

MGO0176



JEE-Physics

12.

13.

14.

15.

16.

Hysteresisloopsfor two magnetic materialsA and B are given below :
B B
7. _Ir.

(A) 4 (B)

These materid s are used to make magnetsfor electric generators, transformer core and electromagnet
core. Thenitisproper touse; [JEE Main-2016]
() B for eectromagnets and transformers.

(2) A for electric generatorsand transformers.

(3) A for dectromagnetsand B for electric transformers.

(4) A for transformers and B for electric generators.

MGO0177
Two identical wiresA and B, each of length'l', carry the same current |. WireA isbent intoacircle of
radius R and wire B isbent to form asquare of side'a. If B, and Bg arethe values of magnetic field

at the centres of the circle and square respectively, then theratio % is: [JEE Main-2016]
B
e ) 3 = 5
D e G ©) 1672 4 5
MGO0178

A magnetic needle of magnetic moment 6.7 x 102 Am? and moment of inertia7.5 x 10° kgm?is
performing simple harmonic oscillationsin amagnetic field of 0.01 T. Timetaken for 10 complete
ocillationsis: [JEE Main-2017]
(1) 6.98s (2)8.76s (3)6.65s (4)8.89s

MGO0179
An electron, a proton and an alpha particle having the same kinetic energy are moving in circular
orbitsof radii r,, rp, r, respectively inauniform magnetic field B. Therelation betweenr,, rp, 1 isi-
[JEE Main-2018]

(D) re<rp=r, (2 re<rp<r, Q) re<r,<r, (B re>rp=r,
MG0180

The dipole moment of acircular loop carrying acurrent I, ism and the magnetic field at the centre of
the loop is B,. When the dipole moment is doubled by keeping the current constant, the magnetic

field at the centre of theloopisB,. Theratio B is: [JEE Main-2018]

2

@) V3 @ v @5 @2

MGO0181
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EXERCISE-JA

A thinflexiblewire of length L is connected to two adjacent fixed pointsand carriesacurrent | inthe
clockwise direction, as shown in the figure. When the system is put in a uniform magnetic field of
strength B going into the plane of the paper, the wire takes the shape of acircle. Thetensionin the
wireis: [2010, 3M]

A) IBL B) = ) == D) =
(A) (B) — (© (D)

MG0182

Paragraph for Question no. 2and 3
Electricd resistanceof certain materials, known as superconductors, changes abruptly from anonzero
vaueto zero astheir temperatureislowered below acritical temperature T (0). Aninteresting property
of superconductorsisthat their critical temperature becomessmaller than T (0) if they areplacedina
magneticfield, i.e., thecritical temperature T (B) isafunction of the magnetic field strength B. The

dependence of T (B) on B isshown in thefigure. [JEE2010]
4T.(B)
W*\
o >B

In the graphs below, the resistance R of asuperconductor isshown asafunction of itstemperature T
for two different magneticfields B, (sold line) and B, (dashed line). If B, islarger than B,, which of
thefollowing graphs showsthe correct variation of Rwith T in thesefields?

R R R R

MGO0183
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A superconductor hasT (0) = 100 K. When amagnetic field of 7.5 Teslaisapplied, its T _ decreases
to 75 K. For thismaterial one can definitely say that when

(A)B=5Teda T_(B)=80K (B)B=5Teda 75K <T(B) <100K

(C) B=10Teda 75K < T(B) < 100K (D)B=10Teda T(B)=70K

MG0184
4.  Anélectron and aproton aremoving on straight parallel paths with same vel ocity. They enter asemi-
infinite region of uniform magnetic field perpendicular to the velocity. Which of the following
satement(s) isaretrue? [ T-JEE 2011]
(A) they will never come out of the magnetic field region
(B) they will come out travelling along parallel paths
(C) they will come out of the sametime
(D) they will come out at different times
M G0185
5. Alonginsulated copper wireisclosely wound asaspiral of ‘N’ turns. The spira hasinner radius‘a
and outer radius‘b’. Thespiral liesinthe X-Y planeand asteady current ‘I’ flowsthroughthewire.
The Z-component of the magnetic field at the center of the spiral is [ T-JEE 2011]

(A) Z?t(;iua) én[gj

<

NI b+a
(B) 2(b-a) gn[b—aj

CEAT

NI [b+aj
/n
(D) 2b b-a

¥

M G0186
6. Consider the motion of a positive point charge in a region where there are simultaneous uniform

electric and magnetic fields E = E,j and B=B,j . Attimet =0, this charge has velocity v in the

x-y plane, making an angle 6 with the x-axis. Which of the following option (s) is (are) correct for
timet>0? [I1 T-JEE 2012]
(A) If 6 =0°, the charge movesin acircular path in the x-z plane.
(B) If 6 =0°, the charge undergoes helical motion with constant pitch along the y-axis.
(C) If 6 = 10°, the charge undergoes helical motion with its pitch increasing with time, along the
y-axis

(D) If 6=90°, the charge undergoeslinear but accelerated motion along they-axis

M G0187
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7. Acylindrical cavity of diameter aexigsinsideacylinder of diameter 2aasshowninthefigure. Both
the cylinder and the cavity areinfinitely long. A uniform current density Jflowsaong thelength. If

N
the magnitude of the magnetic field at the point Pisgiven by D H,ad | thenthevalueof N is:

[11 T-JEE 2012]

©

MG0188
8.  Aninfinitely long hollow conducting cylinder with inner radius R/2 and outer radius R carries a

uniform current density alongitslength. The magnitude of the magneticfield, |B| asafunction of the

radial distancer fromthe axisisbest represented by [ T-JEE 2012]
B B E
(A) (B) \
I I >l ’ I >l
R/2 R R/2 R

b
y
—
y
—

R/2 R g R/2 R
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0.

10.

11.

A loop carrying current 'l liesinthe x-y plane as shownin thefigure. Theunit vector i iscoming out

of the plane of the paper. The magnetic moment of the current loopis [JEE 2012]
AY
I . %
«—2 5
~ T 20 T 20 ~
(A) a’lk ®) (Z+1jalk (€ -(Z+1alk (D) (2r+1)altk
MG0190

A particle of mass M and positive charge Q, moving with a constant velocity o, = 4ims?, entersa
region of uniform static magnetic field normal to the x-y plane. The region of the magnetic field
extends from x = 0 to x = L from al values of y. After passing through this region, the particle
emerges on the other side after 10 milliseconds with a velocity @i, =2(+/3i +j)ms™. The correct

statements(s) is(are) :- [ T-JEE 2013]
(A) Thedirection of the magnetic fieldis—z direction.
(B) Thedirection of themagnetic field is+z direction.

507M
3Q

(C) The magnitude of the magnetic field units.

: o . 100mM
(D) The magnitude of the magneticfieldis units.

3Q

MG0191
A steady current | flows along an infinitely long hollow cylindrical conductor of radius R. This
cylinder isplaced coaxidly insde an infinite solenoid of radius 2R. The solenoid has nturns per unit
length and carries asteady current |. Consider apoint P at a distancer from the common axis. The
correct statement(s) is (are) :- [JEE-Advanced-2013]
(A) Intheregion 0 <r <R, themagnetic field isnon-zero
(B) Intheregion R <r < 2R, the magnetic field isa ong the common axis
(©) Intheregion R<r < 2R, the magnetic field is tangential to thecircle of radiusr, centred on the

axis

(D) Intheregionr > 2R, the magnetic field isnon-zero

MG0192
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12, Two parallel wiresin the plane of the paper are distance X, apart. A point charge is moving with
speed u between the wiresin the same plane at adistance X, from one of the wires. When the wires
carry current of magnitude | in the same direction, the radius of curvature of the path of the point
chargeisR,. In contrast, if the currents| in the two wires have directions opposite to each other, the

. : R, .
radius of curvature of the pathisR,. If % =3, and value of R—l Is-- [JEE-Advanced-2014]

1 2
Paragraph for Questions13 & 14
Thefigure showsacircular loop of radiusawithtwo long pardlel wires(numbered 1 and 2) dl inthe
plane of the paper. The distance of each wirefrom the centre of theloop isd. Theloop and thewires
are carrying the same current |. The current in the loop isin the counterclockwise direction if seen

from above. [JEE-Advanced-2014]
Q! IS
Wire 1 @) Wire 2
i R
MGO0193

13. Whend~ abut wiresare not touchingtheloop, it isfound that the net magnetic field on theaxis of the
loop is zero at aheight h above the loop. In that case
(A) currentin wire 1 and wire 2 isthe direction PQ and RS, respectively andh~ a
(B) current inwire 1 and wire 2 isthe direction PQ and SR, respectively and h~ a
(C) current inwire 1 and wire 2 isthe direction PQ and SR, respectively andh~ 1.2 a
(D) current inwire 1 and wire 2 isthe direction PQ and RS, respectively andh~ 1.2 a

MG0194

14. Consder d >> a, and the loop is rotated about its diameter parallel to the wires by 30° from the
position shown in thefigure. If the currentsin the wires arein the opposite directions, the torque on
theloop at its new position will be (assumethat the net field due to the wiresisconstant over theloop)
[JEE-Advanced-2014]

HOlzaz HOlzaz \/§Ho|2a2 \/§u0|2a2
A = (B) “o (C) ~e— (D)

MGO0195
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15. A conductor (shown in the figure) carrying constant current | iskept in the x-y planein aunfirom

16.

17.

18.

magneticfield g . If Fisthe magnitude of thetotal magnetic force acting on the conductor, then the
CORRECT statement(s) is(are) [JEE-Advanced-2015]

R R
I /6 /4

— L — e R pie Rpe— L —
(A)If gisaong 3,Fx (L +R) (B)If g isaong x,F=0
(©If gisdongy,Fex (L+R) (D)If gisaong 7,F=0

Answer Q.16, Q.17 and Q.18 by appropriately matching the information given in thethree
columnsof thefollowing table.

A charged particle (electron or proton) isintroduced at the origin (x =0,y =0, z=0) withagiven
initial velocity v . A uniformédectricfiedd E and auniform magnetic field B exist everywhere. The
velocity v, electricfield E andmagneticfield B aregivenincolumn1, 2 and 3, respectively. The
quantitieskE , B are postivein magnitude. [JEE-Advanced-2017]

Column-1 Column-2 Column-3
()  Electronwith v = 25—32 () E=E,2 (P) B=-BxX
(I)  Electronwith V = 5—89 (i) E=-Ey (Q B=BX
(I11)  Protonwith v =0 (i) E=-E.X (R) B=B,y
(IV) Protonwith v = 25—32 (iv) E=ExX (S B=By
M G0196

In which casewill the particle movein astraight line with constant velocity ?
(A) (1) (i) (S) B)(IV) () (S (© (m @i (R) (D) (1) (iii) (P)

MG0197
Inwhich casewill the particle describe ahelical path with axisalong the positive z-direction ?
(A) (I (i) (R) (B) (1V) (i) (R) ©av)MH S (D) (1) (iii) (P)

MG0198
In which case would the particle move in astraight line along the negative direction of y-axis(i.e.,
moveaong -y) ?

(A) (V) (i) (S (B) (1) (i) (P) (©) (1) (i) (Q) (D) (1) (i) (R)

MGO0199
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19. A symmetric star shaped conducting wire loop is carrying a steady state current | as shown in the
figure. The distance between the diametrically opposite verticesof the star is 4a. The magnitude of
the magnetic field at the center of theloopis: [JEE-Advanced-2017]

) (b
/|

(A) “—OIS[\@—l] (B) ”—‘)IG[\@—l] ©) 2—7‘;6[\/54] (D) %3[2—\@]

4ra 4ra
M G0200

3R
20. A uniform magnetic field B existsin theregion between x =0 and x = > (region 2 in the figure)

pointing normally into the plane of the paper. A particle with charge +Q and momentum p directed
along x-axis enters region 2 from region 1 at point P,(y = —R). Which of the following options(s)
igare correct ? [JEE-Advanced-2017]

y
Regionl 4 Region2 4 Region3
X X

X

B
X X X
X X X
X X X
X X X
OX X X?X

3R/2

(A) For B= %Q_FI)? , the particle will enter region 3 through the point P, on x-axis

(B) For B> %Q_FI)? , the particlewill re-enter region 1

(C) For afixed B, particle of same charge Q and same velocity v, the distance between the point P,
and the point of re-entry into region 1isinversely proportional to the massof the particle.

(D) Whenthe particlere-entersregion 1 through the longest possible path in region 2, the magnitude

of the chagein itslinear momentum between point P, and the farthest point from y-axisis ﬁ .

M GO0201
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21. Two infinitely long straight wires lie in the xy-plane aong the lines x = +R. The wire located at

22.

X = +R carries a constant current |, and the wire located at x = —R carries a constant current |, A

circular loop of radius R is suspended with its centre at (0, 0, /3R ) and in a plane parallel to the
xy-plane. Thisloop carriesaconstant current | in the clockwise direction as seen from above theloop.

The current in the wire is taken to be positive if it isin the +] direction. Which of the followi ng
statements regarding themagnetic field B is(are) true ? [JEE-Advanced-2018]

(A)If1, =1, then B cannot be equal to zero at the origin (0, 0, 0)
(B)If1,>0and1,<0,then B canbeequal to zero at the origin (O, O, 0)
(C)Ifl,<0andl,>0, then B can beequal to zero at the origin (0, 0, 0)

|
(D) If 1, =1, then the z-component of the magnetic field at the centre of theloop is (—g—OR)

M G0202
In thex-y-plane, theregiony > 0 hasauniform magnetic field 3112 and theregiony < 0 hasaanother

uniform magnetic field BZIZ . A positively charged particle is projected from the origin along the
positivey-axiswith speed v, = nms " att=0, asshowninthefigure. Neglect gravity in thisproblem.
Lett=T bethetimewhenthe particle crossesthe x-axisfrom below for thefirsttime. If B, = 4B, the
average speed of the particle, inms™, along the x-axisin thetimeinterval Tis

[JEE-Advanced-2018]

V,=mms’

M G0203
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MAGNETIC EFFECT OF CURRENT
(CBSE PreviousYear'sQuestions)

Two long parallel straight wiresX and Y separated by adistanceof 5cminair carry currentsof 10 A

and 5 A respectively in opposite directions. Cal culate the magnitude and direction of theforceon a
20cm length of thewire Y.

10A4

5cm

A circular coil of 100 turns, radius 10 cm carries a current of 5 A. it is suspended vertically in a
uniform horizontal magneticfield of 0.5 T, thefield linesmaking an angle of 60° with the of the plane
of the coil. Calculate of the torque must be applied onit to prevent it from turning. [2; CBSE-2004]

Using Biot-Savart law, deduce an expression for the magnetic field on the axis of acircular current
loop. Draw the magnetic field linesdueto acircular current carrying loop. [3; CBSE-2004]

A hydrogenion of mass'm' and chargef 'q' travelswithaspeed'v' inacircleof radius'r' inamagnetic
fied of intensity 'B'. Write the equation in terms of these quantitiesonly, relating theforceon theion
to therequired centripetal force. Hencederivean expressionfor itstimeperiod. [3; CBSE-2004]

A uniform magnetic field gets modified as shown below, when two specimens X andY areplacedinit

s
— BEL

X—r—r

(i) Identify thetwo specimens X and Y.
(i) State the reason for the behaviour of thefield linesinX and Y. [3; CBSE-2004]

Two wires of equal lengths are bent in the form of two loops. One of the loops is square shaped
whereas the other loop is circular. These are suspended in a uniform magnetic field and the same
current is passed through them. Which loop will experience greater torque? Give reasons.

[1; CBSE-2005]

Writetwo characteristic propertiesto distinguish between diamagnetic and paramagnetic materials.
[2; CBSE-2005]

Explain the principle and working of a cyclotron with the help of aLabeled diagram. A cyclotron's
oscillator frequency is10 Mhz. What should be the operating magnetic field for accelerating protons?
If the radius of its 'dees is 60 cm, what is the kinetic energy of the proton beam produced by the
accelerator? Expressyour answer in unitsof MeV.

(e=16x10"C, m, =1.67 x 10?%"Kg, IMeV =1.602 x 10 J) [5; CBSE-2005]
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10.

11.

12.

13.

14.

15.

16.

Depict the magnetic field lines dueto two straight, long, parallel conductors carrying currents|, and
|, in the same direction. Hence deduce an expression for the force acting per unit length on one
conductor dueto the other. Isthisforce attractive or repulsive?

Figure shows arectangular current-carrying loop placed 2 cm away from along, straight, current-
carrying conductor. What isthe direction and magnitude of the net force acting on the loop?

[5; CBSE-2005]

15A
T > 425A
25CI1“ Ye—2cm—>|
10cm

Sted is preferred for making permanent magnets whereas soft iron is preferred for making
electromagnets. Give onereason. [1; CBSE-2006]

Draw aneat and labelled diagram of a cyclotron. State the underlying principle and explain how a
positively charged particle gets acce erated in this machine. Show mathematically that the cyclotron
frequency does not depend upon the speed of the particle. [5; CBSE-2006]

State the Biot - Savart law for the magnetic field due to a current carrying element. Use thislaw to
obtain aformulafor magnetic field at the centre of acircular loop of radius R carrying asteady current
|. Sketchthe magnetic field linesfor acurrent loop clearly indicating the direction of thefield.

[5; CBSE-2006]

Anélectronismoving along +ve x—axisin the presence of uniform magnetic field along +vey-axis.
What isthe direction of theforceacting onit ? [1; CBSE-2007]

Explain, with the help of alabelled diagram, the principle and construction of acyclotron. Deduce an
expression for the cyclotron frequency and show that it does not depend on the speed of the charged
particle. [3; CBSE-2007]

Distinguish the magnetic properties of dia, para- and ferro-magnetic substances in terms of (i)
susceptibility, (ii) magnetic permeability and (iii) coercivity. Give one example of each of these
materials. Draw thefield linesdueto an externa magnetic field near a(i) diamagnetic, (ii) paramagnetic
substance. [3; CBSE-2007]
What is the direction of the force acting on a charged particle g, moving with avelocity vy in a

uniform magneticfiedld B ? [1; CBSE-2008]

Define magnetic susceptibility of amaterial Name two elements, one having positive susceptibility
and the other having negative susceptibility. What does negative susceptibility signify ?
[2; CBSE-2008]
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17.

18.

19.

20.

() Using Biot-Savart'slaw, derive an expression for the magnetic field at the centre of acircular cail
of radius R, number of turnsN, carrying current i.

(b) Twosmall identicd circular coilsmarked 1,2 carry equa currentsand are placed with their geometric
axesperpendicular to each other asshowninthefigure. Derivean expresson for the resultant magnetic
fieldat O.

Draw aschematic diagram of acyclotron. Explainitsunderlying principle and working, stating clearly
the function of the electric and magnetic fields applied on acharged particle. Deduce an expression
for the period of revolution and show that it does not depend on the speed of the charged particle.

[5; CBSE-2008]
Magnetic field lines can be entirely confined within the core of atoroid, but not within a straight
solenoid. Why ? [I; CBSE-2009]
A charge'q' moving along the X-axis with avelocity v is subjected to a uniformmagnetic field B
acting along the Z-axis asit crossestheorigin O.

B [ Z-axis
0 > Y

A
q

X

(i) Traceitstrajectory.
(it) Doesthe charge gain kinetic energy asit entersthe magnetic field? Justify your answer.

[2; CBSE-2009]
State Biot-Savart law.
A current | flowsin aconductor placed perpendicular to theplane of the paper. Indicatethedirection
of themagneticfield dueto asmall dement ¢/ at point P Stuated at adistance ¢ from the element as

showninthefigure.

<y

x|
\
Ue
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21.

22.

23.

24,

25.

26.

27.
28.

29.

Derive the expression for force per unit length between two long straight parallel current carrying

conductors. Hence define one ampere. [3; CBSE-2009]

Explain the principle and working of a cyclotron with the help of a schematic diagram. Write the

expression for cyclotron frequency. [3; CBSE-2009]

A beam of o particle projected along +x-axis, experiences aforce dueto amagnetic field aong the

+y —axis. What isthe direction of the magnetic field? [1; CBSE-2010]
X

-a-particle

y

Deduce the expression for the magnetic dipole moment of an electron orbiting around the central
nucleus. [2; CBSE-2010]

(@) Withthehelp of adiagram, explain the principle and working of amoving coil galvanometer.

(b) What istheimportance of aradial magnetic field and how isit produced ?

(0 Why isitthat whil using amoving coil galvanometer asavoltmeter ahigh resistancein seriesis
required whereasin an ammeter ashunt isused ? [5; CBSE-2010]

(@) Deriveanexpression for the force between two long parallel current carrying conductors.

(b) Usethisexpressonto define S.I. unit of current.

(¢ Alongstraight wire AB carriesacurrent I. A proton Ptravelswithaspeed v, pardlel tothewire,
at adistanced from it in adirection opposite to the current as shown in the figure. What isthe
force experienced by the proton and what isitsdirection ? [5; CBSE-2010]

B

| &

p
«—d—> @ Proton

A | \%
Where on the surface of Earth isthe angle of dip 90° ? [1,CBSE-2011]
Writethe expression for Lorentz magnetic force on aparticle of charge'q moving with velocity v in

amagneticfield B . Show that no work isdone by thisforce on the charged particle. [2; CBSE-2011]

A steady current (I,) flowsthrough along straight wire. Another wire carrying steady current (1) in
the samedirection iskept close and parallel to thefirst wire. Show with the help of adiagram how the
magnetic field dueto the current |, exertsamagnetic force on the second wire. Writethe expression
for thisforce. [2; CBSE-2011]
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31.

32.

33.

35.

(@ Statetheprincipleof theworking of moving coil galvanometer, giving itslabelled diagram.

(b) "Increasing the current sensitivity of a galvanometer may not necessarily increase its voltage
sengitivity. "Justify this statement.

(c) Outline the necessary steps to convert a galvanometer of resistance R into an ammeter of a
givenrange. [5; CBSE-2011]

(@ Using Amperéescircuital law, obtain theexpression for the magneticfield dueto along solenoid
at apoint ingdethe solenoid onitsaxis.

(b) Inwhat respect is atoroid different from a solenoid ? Draw and compare the pattern of the
magnetic field linesin thetwo cases.

(¢ How isthemagneticfield inside agiven solenoid made strong ? [5; CBSE-2011]

A circular coil of N turnsand radiusR carriesacurrent I. It isunwound and rewound to make another

coil of radius R/2, current | remaining the same. Calculate theratio of the magnetic moments of the

new coil and original coil. [2; CBSE-2012]
(@ Writetheexpression for the force, F, acting on acharged particle of charge'q’, moving with a

velocity v in the presence of both electric field E and magnetic field B . Obtain the condition
under which the particle moves undeflected through thefields.

(b) A rectangular loop of sizel x b carrying asteady current | isplaced in uniformmagnetic field B

Prove that the torque 7 acting on the loop is given by T =mxB, where m is the magnetic
moment of the loop.
OR

(@ Explain, giving reason, the basic differencein converting aga vanometer into (i) avoltmeter and
(it) an ammeter

(b) Twolong straight parallel conductors carrying steady current | and |, are separated by adistance
‘d’ Explain briefly, with the hel p of asuitable diagram, how the magnetic field dueto one conductor
actson the other. Hence deducethe expression for the force acting between the two conductors.
Mention the nature of thisforce. [5; CBSE-2012]

A wire AB iscarrying asteady current of 12 A and islying on the table. Another wire CD carrying

5 A isheld directly above AB at aheight of 1 mm. Find the mass per unit length of thewire CD so

that it remainssuspended at its position when left free. Givethedirection of the current flowing in CD

with respect to that in AB. [ Takethe value of g = 10 ms?] [CBSE-2013]

(@& UsingBiot - Savatfslaw, derivetheexpression for the magnetic field in the vector format apoint
ontheaxisof acircular current loop.

(b) What doesatoroid cond st of ? Find out the expresson for themagnetic field indde atoroid for N
turnsof thecoil having the averageradiusr and carrying acurrent |. Show that the magneticfield
in the open space inside and exterior to thetoroid iszero.

OR

(& Draw aschematic sketch of acyclotron. Explain clearly theroleof crossed el ectric and magnetic
field in accelerating the charge. Hence derive the expression for the kinetic energy acquired by
the particles.

(b) Anoa-particleand aproton arereleased from the centre of the cyclotron and madeto accelerate.

(i) Can both be accelerated at the same cyclotron frequency ? Give reason to justify your answer.

(i) Whenthey are accelerated in turn, which of thetwo will have higher velocity at the exit dit of the
dees? [CBSE-2013]
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36.

37.

38.

39.

41.
42.

Using the concept of force between two infinitely long parallel current carrying conductors, define
oneampereof current. [CBSE-2014]

Show diagrammatically thebehaviour of magnetic fidd linesin the presence of (i) paramagnetic and
(i) diamagnetic substances. How does one explain thisdistinguishing feature ? [CBSE-2014]

(@ Deduce an expression for the frequency of revolution of acharged particlein amagnetic field
and show that it isindependent of velocity or energy of the particle.
(b) Draw aschematic sketch of acyclotron. Explain, giving the essential detailsof itsconstruction,
how it isused to accel erate the charged particles.
OR
(a) Draw alabelled diagram of amoving coil galvanometer. Describe briefly its principle and working.
(b) Answer thefollowing:
(i) Why isit necessary to introduce acylindrical soft iron coreinsidethe coil of agalvanometer ?
(if) Increasing the current sensitivity of a galvanometer may not necessarily increase its voltage
sengitivity. Explan, giving reason. [CBSE-2014]

A cyclotron's oscillator frequency is 10 MHz. What should be the operating magneticf field for
accelerating protons? If theradiusof its'dees is60 cm, calculate the kinetic energy (in MeV) of the
proton beam produced by the accelerator. [3; CBSE-2015]

Deducethe expressionfor thetorque  acting on aplanar loop of area A and carryig current | placed

inauniform magnetic field B. [3; CBSE-2015]
If theloop isfreetorotate, what would beits orientation is stable equilibrium ?
What can be the cause of helical motion of acharged particle ? [1; CBSE-2016]

State Ampere'scircuita law. Usethislaw to find magnetic field dueto straight infinite current carrying

wire. How arethe magnetic field linesdifferent from the electrostaticfield lines? [3; CBSE-2016]
OR

Statethe principle of acyclotron. Show that thetime period of revolution of particlesinacyclotronis

independent of their speeds. Why isthis property neccessary for the operation of acyclotron ?

Seema's unclewas advised by hisdoctor to have an MRI (M agnetic Resonance Imaging) scan of his

brain. Her unclefelt it to be expensive and wanted to postponeit. [4;, CBSE-2016]

When Seemalearnt about this, she took the help of her family and also approached the doctor, who

also offered a substantial discount. She then convinced her uncle to undergo the test to enable the

doctor to know the condition of hisbrain. Theinformation thusobtained greatly hel ped the doctor to

treat him properly.

Based on the above paragraph, answer the following questions:

(& What according to you are the values displayed by Seems, her family and the doctor ?

(b) What could be the possible reason for MRI test to be so expensive ?

(0 Assumingthat MRI test was performed using amagnetic field of 0.1 T., find the minimum and
maximum values of the force that the magnetic field could exert on a proton
(charge = 1.6 x 10*° C) moving with a speed of 10* m/s.
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46.

47.

49,

50.

(@ Whenabar magnet ispushed towards (or away) from the coil connected to agalvanometer, the
pointer inthe galvanometer deflects. | dentify the phenomenon caus ng thisdeflection and write
thefactorson which the amount and direction of the defl ection depends. Statethelawsdescribing
this phenomenon. [5; CBSE-2016]

Find the condition under which the charged particles moving with different speedsin the presence of
electric and magnetic field vectors can be used to select charged particles of aparticular speed.
[2; CBSE-2017]

Writetwo propertiesof amaterid suitablefor making (a) apermanent magnet, and (b) an electromagnet.
[2; CBSE-2017]
(a) State Biot — Savart law and expressthislaw in the vector form. [3; CBSE-2017]

(b) Twoidentical circular coils, Pand Q each of radiusR, carrying currents 1A and /3 A respectively,

are placed concentrically and perpendicul ar to each other lyinginthe XY and Y Z planes. Find the
magnitude and direction of the net magneticfield at the centre of the coils.

A proton and an electron travelling along parallel paths enter aregion of uniform magnetic field,
acting perpendicular to their paths. Which of themwill movein acircular path with higher frequency?
[3; CBSE-2018]

A bar magnet of magnetic moment of 6J/T isaigned at 60° with auniform external magnetic field of
0.44T. Caculate (a) thework donein turning the magnet to align itsmagnetic moment (i) normal to
the magnetic field, (ii) opposite to the magnetic field, and (b) the torque on the magnet in the final

orientationin case(ii). [3; CBSE-2019]

(@ Anironring of relative permeability | haswindings of insulated copper wire of nturnsper metre.
When the current inthewindingsis|, find the expression for the magnetic field in thering.

(b) Thesusceptibility of amagnetic material is0.9853. Identify thetype of magnetic material. Draw
the modification of the field pattern on keeping a piece of this material in auniform magnetic
fidd. [3; CBSE-2018]
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ANSWERKEY
EXERCISE (S-1)

1. Ans. (a) zero (b) 2uT along the Z-axis (c) zero and (d) 2uT along the negative Z-axis
2. Ans. 4.0 x 10 T, downwards in both the cases

3. Ans. 5 x10*T=1.6x 10° T towardswest. 4. Ans. 7.07x 107° KT

4r
5. Ans. At adistance of - from the centre in such away that the direction of the currentinit isopposite
tothat in the nearest part of the circular wire.
6. Ans. (@) 0(b) 1.41 x 10° T, 45°in xz-plane, (c) 5% 10° T, +x-direction]

2mv,,
gB

7. Ans. p weber.m 8. Ans, 9. Ans. 1.2 x 10°m, 4.37 x 10°m

10. Ans. (a) Circular trgjectory of radius 1.0 mm normal to B.
(b) Helical trgjectory of radius 0.5 mm with velocity component 2.3 x 10’ ms* along B.

11. Ans. (a) A horizontal magnetic field of magnitude 0.26 T normal to the conductor in such adirection
that Fleming aleft-hand rule gives amagnetic force upward.
(b) 1.176 N.

12. Ans. (8) 3.1 Nm, (b) No, theanswer isunchanged becausetheformulat =N | A x B istruefor aplanar
loop of any shape.

13. Ans.Uset=IAxBandF=11xB
(a) 1.8 x 10N maong—y direction
(b) sameasin(a)
(c) 1.8 x 102N maong—x direction
(d) 1.8 x 102N m at an angle of 240° with the +x direction
(e) zero
(f) zero
Force is zero in each case. Case (€) corresponds to stable, and case (f) corresponds to unstable
equilibrium

14. Ans. (@) Zero, (b) zero, (c) force on each electron isevB = IB/(nA) =5 x 10>°N. Note : Answer (c)
denotes only the magnetic force.

m
15.Ans. T = 2n 6B - 0.57s 16.Ans.(a) 1.4, (b) 1

EXERCISE (5-2)

2 bR?
1. Ans B = M1 g = Fo 2. Ans. |15 C
3 3,
3. Ans. (6.4m, 0,0) (6.4m, 0, 2m) 4. Ans i =0.1110A, i, = 0.096 A

5.Ans.(i)—i—(;{I qv, k (ii)F, =21RB F,=21RB, Netforce=F +F, =4I RB i
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2 3
6. Ans. (8) 6.6 x 10T, (b) 0, 0, 2 1&%@) N 7.Ans () 32;‘; (0 2™ (¢ zero
uolqv mEl
8. Ans. 9.Ans. 5 10. Ans. —— 11. Ans. 8
2na Be

12. Ans. 4 13. Ans. 020 14. Ans.z=0,x= +— (i) \/E

V3’ 2nd \ A
15. Ans. (a) current in loop PQRS isclockwise from Pto QRS,, (b) g =BI b (3I2—4f) ,(©1l= 6?890

- A dTO
16. Ans F = a&i j 17. Ans. 4 18. Ans. o= —
QR“B
2i,NAB NAB=
19. Ans. (@) k =NAB, (b) C= , () Q x 2li
EXERCISE (O-1)

1. Ans. (B) 2. Ans. (C) 3.Ans. (C) 4. Ans. (A) 5. Ans. (B) 6. Ans. (C)
7. Ans. (B) 8. Ans. (A) 9. Ans. (B) 10. Ans. (D) 11. Ans. (A) 12. Ans. (C)
13. Ans. (D) 14. Ans. (D) 15. Ans. (A) 16. Ans. (B) 17.Ans. (A) 18.Ans. (C)
19. Ans. (C) 20.Ans.(C) 21. Ans. (C) 22. Ans. (B) 23.Ans. (B) 24.Ans (C)
25.Ans. (D) 26.Ans. (D) 27. Ans. (B) 28. Ans. (B) 29.Ans. (C) 30.Ans. (B)
31.Ans. (C) 32.Ans. (A) 33. Ans. (B) 34. Ans. (A) 35.Ans. (B) 36.Ans. (A)
37.Ans. (B) 38.Ans. (B) 39. Ans. (C) 40. Ans. (D) 41. Ans. (C) 42.Ans. (A)
43. Ans. (A) 44. Ans. (B) 45. Ans. (D) 46. Ans. (C) 47. Ans. (C) 48.Ans. (C)
49. Ans. (B) 50.Ans. (C) 51. Ans. (A) 52. Ans. (D) 53. Ans. (A) 54. Ans. (C)
55.Ans. (B) 56.Ans. (B) 57. Ans. (A) 58. Ans. (D) 59. Ans. (A) 60.Ans. (B)
61. Ans. (B) 62.Ans. (A) 63. Ans. (C) 64. Ans. (A) 65. Ans. (A) 66. Ans. (B)
67.Ans. (B) 68. Ans. (B) 69. Ans. (D) 70. Ans. (B) 71. Ans. (C) 72. Ans. (C)
73.Ans. (B) 74.Ans. (D) 75. Ans. (A) 76. Ans. (A) 77.Ans. (B) 78.Ans. (C)
79. Ans. (D) 80.Ans. (B) 81. Ans. (C) 82. Ans. (C) 83.Ans. (B) 84.Ans. (C)
85. Ans. (B) 86.Ans. (D) 87. Ans. (A) 88. Ans. (B) 89. Ans. (A,B,C)
90. Ans. (A,B,C) 91. Ans. (A,B,C) 92. Ans. (A, C, D) 93. Ans. (A,C,D)
94. Ans. (A, C) 95. Ans. (C) 96. Ans. (B,D) 97. Ans. (A,D)
98. Ans. (A,B) 99. Ans. (A) 100. Ans. (D) 101. Ans. (C)
102. Ans. (B) 103. Ans. (D) 104. Ans. (A)-q,s, (B)-p,s, (C)-q,s, (D)-p,s

105. Ans. (A)-s; (B)-s, (C)-q; (D)-r; (E)-p
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EXERCISE (0-2)

1. Ans. (C) 2. Ans. (A) 3. Ans. (C) 4. Ans. (C) 5.Ans. (A) 6. Ans. (B)
7. Ans. (C) 8. Ans. (C) 9. Ans. (C) 10. Ans. (B) 11. Ans. (A) 12. Ans. (C)
13. Ans. (A) 14. Ans. (C) 15. Ans. (C) 16. Ans. (A) 17.Ans. (C) 18.Ans. (A)
19. Ans. (A) 20. Ans. (B) 21. Ans. (D) 22. Ans. (A) 23. Ans. (A,B,C)

24. Ans. (B,C,D) 25. Ans. (A) > (P,R, T); (B) > (P,Q); (C) > (9 ; (D)—> (P)
EXERCISE (JM)

1. Ans. (2) 2. Ans. (3) 3. Ans. (2 4. Ans. (4) 5.Ans. (2 6. Ans. (2

7. Ans. (4) 8. Ans. (1) 9. Ans. (4) 10. Ans. (1) 11. Ans. (2) 12. Ans. (1)

13.Ans. (1) 14.Ans. (3) 15. Ans. (1) 16. Ans. (2)

EXERCISE (JA)

1. Ans. (C) 2. Ans. (A) 3. Ans. (B) 4. Ans. (BC,BD, BCD) 5. Ans. (A)

6. Ans. (C,D) 7.Ans. 5 8. Ans. (D) 9. Ans. (B) 10. Ans. (A, ©)
11. Ans. (A, D) 12. Ans. 3 13. Ans. (C) 14. Ans. (B) 15. Ans. (A,B,C)
16. Ans. (A) 17. Ans. (C) 18. Ans. (D) 19.Ans.(B) 20.Ans. (A) (B)

21. Ans. (A,B,D) 22. Ans. 2[1.99, 2.01]



