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| MAGNETIC EFFECTS OF CURRENT|
AND MAGNETISM

CHAPTER

04

e
p | | G
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» Inside a current carrying conductor there are innumerable charged particle\&é , hamely,
electrons. Hence a current carrying conductor can exert force on a movi ed particle or
another current carrying conductor. This effect of a current carryin, uctor is called the
magnetic effect of current. The earliest record of the magnetic e f a current is that of
Oersted, who discovered that a pivoted magnetic needle beneath a wire tends to set itself at
right angles to the wire when a current is passed through i experiments by Biot and
Savart led to the formulation of this effect (i.e., magne&&%m to a ‘current-element’

for a current carrying conductor. N
> In SI, a magnetic field of strength B is said to exist at.a point, if a current element placed at that
point or a moving charge passing through that peint, experiences a sideways force given by

AF =IA xB or AF =q,vxB
» That is the force is given in magnitude by AF =YA/Bsin® or q,vBsin0, where 0 is the angle

between Al and the direction of B ‘whith is taken as the direction of no-deflection of a
moving charged particle or a currentelement, and in direction it is given by the direction of a

screw perpendicular to Al and B, and rotating from Al to B through the shorter angle.

P | g

This is a law based<onjexperimental facts. This establishes the magnitude and direction of the
magnetic field‘at a point due to a current element of a current-carrying conductor. This law is
M, IAl X F

A

AB,
_ Y, IAlsin®

This s the magnitude of the field in vacuum is AB, = -
' r

, where O is the angle between

Aland 7 and in direction it is along a screw perpendicular to Al and 7 which is rotating
from Al to 7 through the shorter angle. We will apply this law to find the magnetic field due
to the conductors of definite geometrical shapes.

S.I Unit of B=Tesla and ;‘_0 —1077 SI unit
T
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Calculation of Magnetic field due to Current-Carrying Conductors of simple Geometrical shapes.
+* Due to a straight conductor

Suppose AB is a straight conductor carrying a current / . P is a point at a perpendicular distance
d from the conductor. Draw perpendicular PO from P on AB. Then OP =d . Suppos =Al
is an element of the conductor. Let P be at a distance » from the element in directtb counted

anti clockwise from A/ . Then according to Biota-Savart law, we have ’\r

IAlsino 7
dB = Z—”—z in magnitude, and in direction, it is along a screw perp to Al and 7
T
rotating from Al too 7 through the smaller angle. After the operat1o otating of the screw,

field due to all other elements is exactly the same and hence th ue to all other elements is

the direction is found to the perpendicular out of the plane of pap %’ @ irection of the magnetic
exactly the same, and hence the field due to the entire con be along the normal to the

plane containing P and the conductor AB. il 2an
Draw a perpendicular FN from F on EP. - Ey7q
i AGall v
ke ,"Ea‘_:_-;
B~ Epot
A
§='r
Py
fu
> B.-Felaal
't —&,:L.‘!'#ﬁ}“"j
=Ry
From AEFN, FN =Alsin®. y'em it
Also FN = rd®where”0 = /FPO t--S&:,dv
S Alsin 0'=w%d0 =g key  e6pi,0
w,Irdd p, I do
dB==> = — Vb ]
47 1”2 . r Q C=
d e
In APFO,; =cosH Xl - i;_ ey
I i _"f_{ f'_{_"':.q“
dB =te cos@dGz Hol 05040 [ere Xt
4 d 4nd e
If 0, and 6, be the extreme values of © when the element is at the ends of the conductor, the ,d L
total field at P becomes. A ey
/ % = (P 2
="t ,[ cos0do="2— Mo [s1n9]Jrez B= +sin0), g
47d s 47d Fa o[y -2
o, PR
e\




% Special cases
(a)  When the conductor is infinitely long when the conductor is made larger and larger, 0, and

0, become bigger and bigger and tend to n/2.

B=”—Ol(sinn/2+sinn/2) or B:HOI
4nd 2nd

1
The corresponding H-vectoris H =——. (H = ﬁ)
Ho

2nd
(b)  When a conductor is finite, but the point is very close to it in this case also 6, and 6, tend
1 & ’
to /2. Hence in this case also B= Ho” and H = ﬁ = L

lines are circular and are in a plane perpendicular to the wire. irection is more
conveniently given by ‘Maxwell’s right-hand rule’.

N .
o f g .

2nd W, Rx
The lines of B around a long, straight current carrying wire are % figure. These
e

)
Y

Q
2,
A (a) \ (b)
(c)  When the point is found to be on th uctor magnetic field at that point is zero.
(d)  When the point is found to b extension of the conductor (backward/forward)
magnetic field is zero.
Example-1: Three very ling wires p icular to the plane of the paper, the carrying SA each

AL in the direction shoy he figure. What is the B-field at the point midway between
e | B and C shown 3 ?
r g A
S AT E - o)
Py S
Sy =Lt
Evtse, = .
=3 515564 i -
:: éE': S ® Scm Scm @ :
- B ll C o>

&L
D 7 e %
Solution: The magnetic field due to B = Xpleg

S5cm

P & - {@exc
e -£al x"_Eh :HoI=4’IIX10 71 =£X]O_7 JI#'

y* 7 Yoo 27d 2n d d Pl L ERL %

T\ Lt 1%5 :{-kl - mag
| f = 0.05 x1077 =2x10° T perpendicular to BC (downward) ‘f [Fen=~2%,

_/ i _ al
R f’ deanl ,5': | The magnetic field due to the conductor at C is of the same magnitude and direction. The " FoerlFay "%i
W= A gy * -G . . 9 0 0 q c
b e field due to the conductor at A is of the same magnitude, but its direction is along CB. :
N\ Nl -, The result field =+4/42 +22 x107° =420 x1075 =4.48x10™ Tesla.
k *& v
: i B § _ N ——
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Example-2: A current of 1A is flowing in the sides of an equilateral triangle of side 4.5x1072m.
Find the magnetic field at the centroid of the triangle.

Solution: Let I be the current flowing in the sides of the triangle. The magnetic field induction at
the centroid O due to current through one side BC of the triangle will be

w, I, . .
B, =—=—(sin ¢, +sin
| 41cR( o b,)

Total magnetic field induction at O due to current through all the three sidesQriangle will be

% *
3u, 1 . . K
B=3B, = —(sin ¢, + sin

tSS- R( o, 0,)

=2
Here, [=14; ¢, =60°=¢, and R=0D Aan60°=a/2— £ _aoxll m

. NN NG
x10_5[£+£J
2 2

=4x107°T

5

B=3x10"x i(sin 60°+ sin 60°)0
0—2

4.5x1
xil:

¢ Magnetic field due to a circ%

Consider a circular conductor dius a and carrying a current /. Divide the conductor into
elements and consider element EF = Al . The distance of the field point (center of the
coil) is the radius of the.c

. _po IAIsin90° pu, IAl
By Biot- ava%v, AB=—">——— =" —

. 4n a 4n q?

$ IAl
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» The direction of AB is along a screw perpendicular to A/ and 7 rotating from Al or 7 through
the smaller angle. This direction, as found by actually rotating screw, is perpendicular into the
plane of the coil. The field due to all other elements are also in the same direction and so
direction of the field due to the entire conductor is perpendicular into the plane of the coil. The
magnitude of the field is obviously given by

-

/

\

2

W

B =3YAB where X extends overall the elements

_sMo AL ol o,
A g2 47’

%,
(;\\Q

Now, ZAl = entire length of the conductor =2raN , N =number of Q of the coil,
< : *

B=tol oy = BN

4na 2a

; \
The lines of B due to a circular conductor are shown %@me. These lines are circular at the
1

conductor and are almost parallel at the center. Thi y the magnetic field due to a circular
conductor is uniform over a very small region‘s ing the center.

in a path of radius 5.1x10~ a frequency of 6.8x10" rev/sec. What value of

B is set up at the ce \
moment? %

The current is the rat

Example-3: In the Bohr model of the hydr ﬁm, the electron circulates around the nucleus
e

orbit? What is the equivalent magnetic dipole

Solution: hich charge passes through any point on the orbit. Therefore,

y the motion of the electron is
(¢ /T =v, frequency)
=6.8x10
=1.1x10" ampere
enter of a circular pattern is given by
nol 4mx107 x1.1x107°

e s [ Tesla=1.36x10=13.6Tesla
XJ.1X

$ 2a
The equivalent dipole moment is m=1S =1.1x107 x(5.1x107"")? =9.0x10** Am?.
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+ Magnetic field intensity at any point on the axis of a circular conductor:

Let P be any point on the axis of a circular conductor of radius a and carrying current / at a distance
x from the Centre of the coil.

Let ab = Al be any current element. Here angle between Al and 7 =90°.

Ag = Mo 1Al5in 90° _ kT Al

the smaller angle. By actually rotating a screw, it is fou perpendicular to 7 and towards
the point P.

Let us resolve AB along and perpendicular to the 4
then the two resolved components are ABcosa x d

4 P 4r? ? .
and its direction is along a screw perpendicular to Al and @&t ing from Al and 7 though

e inclination of 7 to the axis be o,
perpendicular to the axis respectively.

Because of symmetry of the conductor, the mponent of various elements will add upto
zero and the axial components will not adcp) zero. Hence the resultant field is along the axis

and its magnitude is given by @

B=XABsina =Eu—"£21s'

47 r
u, Isina ®
or B=—"%——%Al

4 #?

_ b, Isina
4 2
If N = numbe urns of the coil then

2ntaN

2 2, .2 . a a
an rr=a‘+x and singl = — = ——
r o Aa?+x?

]LQTECIN

B= 1,0 +a®+x?

4r a’+x* 2((12 +xz)3/2

%ere [ = length of the conductor.

The corresponding H-vector is

fon e i e v Ui T Y TV
3-[V)de oot = 2= T4t 3'“); 4, s=0h ] P "My 4 :
\ <

mwh E
XX ¥x 1. ¥
xxxxP-
4‘17.1"‘]1-&’

(28 a3

wio=vd Dl

A _ A
ik B2l a

’5%’: :
5 E F}Jtﬁ‘g Fﬁf‘

Sl nAg

F& ;Fiﬂ!; - ?E



(a)

(b)

Solution:

Special cases:

Example-4:

When the point is at the Centre, 0

X

and H-field at the Centre = %
a

B-field at the Centre of the circular coil = M;
a

Y
2a
When the point is very far off x =00, B-field is zero.

w, NI

B and H

or

centre ~ centre

A small magnet is suspended at the center of a vertical circular coil. e coil
carries a current of 1.25 ampere and makes an angle of 30° with, the magnetic
meridian, the suspended magnet points east-west. If the numbe% s in the coil
is 10 and its radius 20 cm, find the horizontal component of ’s field.

RN

o
o
Rl
O B

The torque on the needle due to Qs field = MB, sin90° = MB,

where M is the magne‘uc&?
field of the current = 0°

of the needle. The torque on the needle due to the B-
MB/?2

wag For equilibrium e MBO = EMB

= P T h“‘.ﬁ
*M\" é ,5.\:
'_’!.'L_h,“' or, By=—.

o 3
=3
| T i 4mx107 x10x1.2
bl e By = Amx10 x10x125 ;g 105 regla
=4 di‘_ 7 4 X 0.2
;“\-_P.:‘j-‘!ld‘ €
e c Example-5: A cell is connected across two points P and Q of a uniform circular conductor. Prove

that the magnetic field at its center O will be zero.

Let [, [, be the lengths of the two parts PRQ and PSQ of the conductor and p be the
resistance per unit length of the conductor.

Solution:
— — L
I e ALY
, * “_ U s -J38 {"v‘c“-
1 i (LysBulo=vid By
(X o XN XX 1= B.0via
|x',_xji)1_§____x X X Y S=ary %
[ ¥ x T ix] e 8- 3 -
'XL3. ‘\J.'L. Pelx ¥ ; 1al .-If:".h::._'

. - | T = ¥ sl e 7 5 L ¥
Gebel Safh 4.4 4 s=wb WL ML 4 aide en 0 —+
mee v A ¥ 4 Y, B sud 2MaMdetimili. - -F-x
A Zel) a<—> -7 ' Al - _ _4 g d Il
T, v i T R S N S R —
S | ~ {& BN, 3 e b Nivea | /i
bdeVd AR 8 : L}"_T\w.\“ =S 5= —4‘{ L ¥S 3o O:—a i Q= ptand I {/
_— p1 = s . 1 i -
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Aca(fer-d

The resistance of the portion PRQ will be, R, =/,p

The resistance of the portion PRQ will be R, =Lp. Let I, I, be the cu Q and
PSQ respectively. Since these parts are in parallel, the potential diK across their

ends will be same Q
L 2

t the center O due to current

IlRl = 12R2

or Lip=Lhp , L=l

According to Biota -Savart’s law, the magnetic
through circular conductors PRQ and PSQ wil&

B zﬁhﬁ s12190 and B, :M]2l2 53219
4n r 4n
1111 =]2lz &

According to right han%&jae directions of B, and B, are opposite to each other, Hence,

Since,

Bl :BZ

the resultant magne t O will be zero.

Exmaple-6: In the giv re find the magnetic field induction at O when PQ and ST are

> T

Solution: Magnetic field induction at O due to current through PQ is zero as the point O lies on the

axis of conductor PQ, i.e. B, =0

Magnetic field induction at O due to current through semicircular coil QRS will be

u, ™
B,=te
A’ﬁ' r
{?y:
- w T L T T VMG Fodge &.79
» 4.4 ,4 s=ub WL wi .
j*?_g_“ AU AT N ('F—!' o
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)= Acan (G, x-

Example-7:

Solution:

It is directed upwards, perpendicular to the plane of coil.

Magnetic field at O due to current through straight conductor ST, will be

B=He Lrginoo s singoep = Ho L
dn r At r

Its direction is L » to the plane of coil upwards.

Thus, total magnetic field induction at O due to current through the entire conductor will

<G

Find the magnetic field induction at a point O if the current c ?\ e has the
shape shown in figure (a), (b), (c). The radius of the curved pz@ wire is 7, the

be  B=B+B +B =0+t Bl ML
dnr 4mr

linear parts are assumed to be very long.

(a) Magnetic field induc @lue to current through straight wires PQ and RS is zero.
The magnetic field i ion at O due to current through semicircular part QR of wire is
given by

Blzu_oa. &
\ 20+hxi=hxi
4 r 4 r

Itacts L7 to the plane of the current loop downwards).

@Magnetic field induction at O due to current through straight portion PQ.

B, = Ho o L(sin 0°+5sin90°) = Bo ! acting L r to loop downwards.
r

47 4n r
Magnetic field induction at O due to current through curved part QR of the wire is

3 i s g
T lBoly 7“ acting L » to loop downwards

Bz:hx dn r

dn 2 r

Magnetic field induction at O due to current through straight wire RS is zero.

A 7 5
el @) 4" =
¥ite v ] e o I p
a1t {w.\ i
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e s P




nr 4nr 2 4nr 2

(c) In this case, the effective magnetic field induction at O due to current through the

entire wire willbe B=toel He T Hol _FBol iy
dnr 4nr 4mr 4mr

R¢

s Magnetic field due to solenoid:

Suppose that a long wire is wound on a cylinder in such a way that its turns lies si t one
above the other) on the cylinder. A wire shaped in this way is called a solenoid. A id has a
uniform distributed of turns and so linear density of turns is a constant. *

Consider a solenoid have » turns per unit length, radius a and carrying curr\\ et P be any

point on the axis of the solenoid. Q

......
.
.....
o,
.
......

ed as’a circular conductor of (ndx) turns and P as a point

at a distance x from its centre. H ‘ field at P due to this elementary length of the solenoid
field at a point on the axis of a circular conductor and is

dx)h*
s where r =Ja +° Aeleplr
2(a + X ) _hﬂ!
Draw a perpendicu rom E on FP. _j,,-‘ﬂa
From the triangle EN =dxsin® and again from APNE, EN = rd0 . .
i“S-‘Frdy
Where PE = * s g ey 46,0

rdO
uonla2( - ] 5 NW—I—-
ﬁ$=m’9 and r=va® +x2 ; dB= sinb) _ w,nla”dl ® c-—I- ta

$ 2rh2 2r?sin® |

, (RN

Again—=sin® or r=—2_ e
r

Sil’le = XUy
u la’dd a* 1 e
dB=——————=—p,nlsin0do I 7ol
2sin® sin“6 2 - FiReler
. . 4 ..
If 0, and 0, be the values of & when the element is at the ends of the solenoid, the total field at | = »
L | S |
P is given by Ea Feal=- 5%
1 i 1 Fae[Fy m‘i!
B=—p nl [sinB d0=—u _nl(cosd, —cosH,) o Ueme
2 0 0, P 0 1 2 '/-;-f‘\ '/_,':‘
» s!;)J‘p \‘Hho
b W —
- a if Ar.

A u ,." i1 : at e ,“;; s p. G A 4 4 3 L \l /) ’-' :_—"' + L & ) T
H—wm ly>Cubsvdbe = ‘!-’f';e_ z i " A A ;| 2MaMet Ty | S
g ¥ X ¥ x Vd e BRE T 7\ L2 = = 4, . -
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Special cases:

(1)  When the solenoid is very long

In this case 6; =0 and 6, ==
B=p,nl and H=nl

(i1)  When the solenoid is short, but it is very thin

Here, also 6; =0 and 6, =7

B=p,nl and H =nl

% FORCE ON CONDUCTOR CARRYING CURRENT PLACED IN A MAGNET@ELD.
placed

Consider a straight conductor PQ of length /, area of cross-section A, carryitkg c

in a uniform magnetic field of induction, B. Let the conductor be plac %

magnetic field be acting in XY plane making an angle 6 with X-axis. Sup

through the conductor from the end P to Q. Since the current in a con @
s)

L 4

X-axis and
current / flow
due to motion of
electrons, therefore, electrons are moving from the end Q to P (along

Let v, = drift velocity of electron \
— e =charge on each electron.
Then, magnetic Lorentz force on an elec@en by
=il ’S@.
If n is the number density of fi rons i.e., number of free electrons per unit volume of the
conductor, then total numbe electrons in the conductor will be given by

N =n(Al) = nAl

.. Total force on th
conductor while i

F=Nf =ndAl[

I =nde
N I =ndev,.l

We represent / [ as current element vector. It acts in the direction of flow of current i.c., along

onductor is equal to the force acting on all the free electrons inside the
in the magnetic field and is given by

OX. Since 7/ and v, have opposite directions, hence we can write

Iiz—nAleﬁd
F=1IxB |F|=I|] xB|
F=11Bsin0

where 0 is the smaller angle between / [ and B.

— - e — L e
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Special Cases:
If 6° or 180°, sin6=0, from F =7/B(0) =0

It means a linear conductor carrying a current if be placed parallel to the direction of magnetic
field, it experiences no force.

(@

(b) If 6=90°sin0=1; from F =/ [Bx1=1IB

It means a linear conductor carrying current if be placed perpendicular to the direction of magnetic
field, it experiences maximum force. The direction of which can be given by right-handed screw

rule of Fleming’s left-hand rule. Accordingly, the direction of Fis perpendicular to the plane of

paper directed upwards.

hole

length of the conductor.

It is important to note that the relation is valid only if magnetic field B is uniform 6

Example-8:

Solution:

Example-9:

0\
A conductor of length a = 30 cm and carrying curren@\ A is placed
perpendicular to a long straight conductor carrying /'= ISQ
a distance d = 12 cm. Calculate the force experienced by th

its nearer end at
nductor.

¢ I

Bt and dF, force on the

Consider an element dx at a distance x. Field at the el% 5
™

element = (ZLLIJldx in the direction parallel@lg conductor and perpendicular to
X

the short conductor. . @

Woll'dredx _ poll'

F= In
2T a X 271
7
e F=(4RXI02XIO 121230j=3.75x10‘5N.

A wire of 60 cm e @and mass 10 gram is suspended by a pair of flexible leads in
a magnetic fiel induction 0.40 weber/meter’. What are the magnetic and
direction % urrent required to remove the tension in the supporting leads?

*
X X X X X x X x X

3|
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Solution: We know that the magnetic force experienced by the linear wire carrying current, placed
in magnetic field is given by

F=i|l xB| =ilBsin®

Here, [ and B are perpendicular, so, 6 =90°
.. F=ilB

If this force F balances the weight of wire (=mg), then the tension in the supporting leads
will be removed.

3 '3

So, ilB=mg or i=£=w=0.4m Q
B (60x107%)x0.4

The force F(=ilB) must be acting vertically upwards. It w@Qf the direction of

current is from left to right.

*
Example-10: Figure shows, rectangular twenty turn loop of wir @x S5cm. It carries a current
0f 0.10 ampere and is hanged at on side. What direction and magnitude (acts
on the loop if it is mounted with its plane ‘@ngle of 30° to the direction of a
uniform field to magnetic induction 0.50

ider two long, straight parallel conductors separated by a distance ‘4 ’ and carrying
1 and [, respectively in the same direction. Since each conductor lies in the magnetic
of the other each will experience a force, exerted on it by the magnetic field set up by the
current in the other conductor. B, (Magnetic field due to the first conductor at the site of the
uol 1
2nd
this field is perpendicular into the paper shown usually by the symbol ‘©’, a direction
perpendicular out of the paper is shown by symbol ON

second conductor) = . The screw rule for the direction of the magnetic field indicates that

- e —
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The force exerted on a current element in a magnetic field is given by that is AF = IAl x B
The force exerted by the first on unit length of the second

212312 sin 90° ( 92900here)
_ Woli — Wolils
=], =2

2nd 2nd

The screw rule for the direction of the force of indicates that is foree is towards the first.

The force exerted by the second conductor on the first per unit length of it, is the same in
magnitude but opposite in direction as may be seen by_considering the field due to the
second on the first or by Newton’s third law. Hence the two €onductors attract each other.

.. The mutual force of attraction per unit length between two long parallel conductors is
2nd

This formula is made the basis for the.definition of the ‘ampere’ in SI.

Put F=2x10"7 Newton

I, =1, and d =1m in the above formulas

or 2x10

12
Then 2><10—7=2><10—7T1 or I =1=1,.

Thus, one ampere is that Steady current which, if maintained in each of two infinitely
long, straight parallel'wires of negligible cross-section placed 1 metre apart, in vacuum,

will produce betweenithe wires a force of 2x10~’ Newton per metre length of the wire.

The reason for defining the ampere in terms of a force of attraction between two long
straight patallel current carrying conductors is that it has now got the same footage as the
definitions'of the units of electric charge and magnetic charge (magnetic pole).

INTERACTION BETWEEN ISOLATED CURRENT ELEMENTS

Let us consider two isolated current elements id/; and i,dl, . The magnetic field due to 1
. . . ) - rdl X 7
at the site of 2 is given by Biota-Savart law is dB;, = Z—O—ll 1:”12
T

The force experienced by a current element in a magnetic field is given by Lorentz force
dF =idl x B
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: - dly x 7
Force experienced by 2 due to 1=i,dl, x “—ow

T
— dl—:',lz =H—oi1i2 dlz X (dll X}‘lz)
47 r132
Similarly, dFiz =Z_Oili2m; |dF'12 | =;.l—ol'1l'2 MCOSGZ
/i 751 /i 51

"1
Thus, we see that the forces are not equal and opposite. Hence there is appe\j'
third law of motion. This does not mean that there is breakdown of Newton’s third law.

This apparent violation is due to acceleration and retardation of charg s at the ends of the
elements. In the isolated elements charge carries are accelerated at the g end from zero to a
uniform velocity and at the other end from that uniform velocity ro.

- . \di | |dl- - -
\dFs | =j—“zlz2%cosel; 0,0, |dFy | dFy | @
T . ?
N ation of the

This acceleration and retardation produce and electromagnetie<field, which carries away
momentum from charge carriers, that is, charge carriers ce additional force. This force
compounded with the above force shows that the forc wd by the elements are equal and
opposite. So, violation is only apparent. This situa Arises only in case of isolated current
element where there are acceleration and retardati the charge carriers at the ends. In case of

loops where there is no such acceleration or e\) on of charge carriers there should be no
violation of third law. In fact, such difﬁcul% t arise. For loops shown in the figure here.

i

Q=i h‘:ﬂ )
e o S
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= Fy=tei;
12 Ar 1

Eq= €.

T By ical laws this can be transformed into symmetrical from
as

d
i *
- h‘-hl =t E‘

"E-—-l‘- f; This equation shows that 1712 = —ﬁzl .
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The force experienced by a charged particle moving in space where both electric and magnetic
fields exist is called Lorentz force.

Force due to electric field: When a charge particle carrying charge +q is subjected to an electric

field of strength E , it experiences a force given by ﬁe = qE .

Whose direction is the same at that of E .

Force due to magnetic field: IF the charged particle is moving in a magnetic field B, with a
velocity v it experiences a force given by

F, =q(xB)
The direction of this force is in the direction of (¥ x B)i. perpendicular to the plane containing v

and B is directed as given by right hand screw rule.

Due to both the electric and magnetic fields, the total force experienced by the charged particle
will be given by

F=F,+F, =qE+q(VxB)
= q(E +V x B)

This is called Lorentz force.

Special case:

(a) When v, E and B, all the thee(are collinear. In this situation the charged particle is
moving parallel or antiparallel to_the fields, the magnetic force on the charged particles is zero.

. _gE
The electric force on the charged particle will produce acceleration a = Ll ,

m

Along the direction of-electric field. As a result of which there will be change in the speed of
charged particle alongsthe direction of the field. In this situation there will be no change in the
direction of motion of the charged particle but, the speed, velocity, momentum and kinetic energy
all will change.
(b) When \7,E and B are mutually perpendicular to each other. In this situation if E and B are
such that F'= 17“6 + Fm =0 It means the particle will pass through the fields without any change in
its velocity. Here,
F,=F, so,

This concept has been used on velocity-selector to get a charged beam having a definite velocity.

qE=qvB or v=E/B
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P The above facts regarding the motion of a charged moving particle in a uniform magnetic field
D86 are utilized in accelerating charged particles to very high velocities in a machine called a
sl le .46, J Cyclotron.
=A -
LEa A cyclotron, developed by EO Lawrence in 1932, consists of two D-shaped copper chambers
o St 8 placed side by side leaving a small gap. A magnetic field perpendicular to the plane of these Dees
- Fmi ' (Ds) is maintained with the help of an electromagnet having flat, circular pole pieces. An altering
By ) [ electric field is applied across the gap between the Dees with the help of an oscillator!
Ee-€al = =
L%l L c=,c,1
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by xSl A source of ion is placed at the center of the dees. lons coming out of the source with some

velocities are bent by the magnetic field ‘and, move in a circle with a constant time period
depending on the magnetic field and.the'mass and charge of the ions. If the frequency of the
applied electric field and the strength ©f the magnetic field are such that the moment the ions
reach the gap, the electric field between the dees exerts an impulsive force on them, they gain
velocity. Thus, they go to a path of higher radius, but their angular velocity remains unchanged.
Again, on reaching the gap,‘the jons will be accelerated and will move to a still higher radius.
v g Thus, they keep on adding inyyelocity and spiraling around, till they come out at opening O with
tremendous speed. The, condition for acceleration at the opportune moment is that the angular
frequency of the igns«in ‘the magnetic field be the same as the frequency of the electric field.
Therefore, the conditien for resonance is that

o 4B

2T & 21m

be theyrequired frequency of the oscillating field. This is called cyclotron frequency.

Example-11:In a cyclotron the frequency of the applied voltage is 1.2x10” Hz . Find the value of

the B—field for resonance with deuterons of mass 1.67x107%" kg . If the diameter of

the cyclotron is 1 m, what is the velocity of the particle, when it comes out of the
cyclotron?

Solution: The force experience by a deuteron = Bev = centripetal force = mv*/r




my mor
Be=—=
r r

=mo

oMo _ 2nmvm 2m(1.2x107)x (1.67x1077)
e e 1.6x107"

or B =1.57 Tesla

When the deuteron comes out, the radius of the orbit is equal to the radius of the Dees.

MVynax _ BeR 1.57x1.6x107"" x0.5

Be=—7"; Vux 3 = =7.5%107 ms!, @
R m 1.67x107% 0\\

Example-12:An electron enters into a uniform magnetic field of 8.0 Gaug uss (G)=107*T)

with velocity 4.0x10° m/s at an angle 30° with the field. Cal
*

te the radius, period
of revolution and pitch of the helical path.

Solution: We know T = Zn—m @

Bq
-31 *
.. Here T = 271:><49.1><10 ;=4 @s
8x107*x1.6x107"
in30°
Now, vsin30°=wR or Q,&
21

. 4.47x107° x4.0x10"
2n
Pitch=vc0s30°x

—1.42x1072 m

@106 % 0.866x4.47x107 =15.48x1072 m.

< MOTION OF A GED PARTICLE IN A UNIFORM MAGNETIC FIELD
Suppose a particle of*mass m and charge ¢, entering a uniform magnetic field induction B at
O, with veloc , making an angle © with the direction of magnetic field acting in the plane of

paper @ in figure.
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Resolving v into two rectangular components we have:
vcosB(=v;) acts in the direction of the magnetic field and vsin6(=v,) acts perpendicular
to the direction of magnetic field.
For component velocity v,, the force acting on the charged particle due to magnetic field is

F =q(¥,xB)
or  F=gq|v,xB|=qv, Bsin90°
=q(vsin0)B (1)
The direction of this force F is perpendicular to the plane containing Band v ce acts
perpendicular to the plane of the paper. As this force is to remain always perpe to V,, it

ion. Hence the

cannot change the magnitude of velocity v, . It changes only the direction

charged particle is made to move on a circular path in the magnetic field
dotted circle. The force F on the charged particle due to magnetic

n in figure with
rovides the required

centripetal force (= mv; /r) necessary for motion along the circular fradiusr .

% .
@&

ic field will be

Bqv, =mv3/r
or v,=Bgqrim
or vsin@=Bqr/m

The angular velocity of rotation of the particle in

i B B ¢
o= vsin© _Bgr _Bq \
r mr - m
The frequency of rotation of the paﬂicle@etic field will be
® Bg

... (i)

y=——=
2t 27mm

O

The time period of revoluti%e particle in the magnetic field will be

1 2mm .
T:—: .o IV
= (iv)

From (iii) and (iv, te that v and T do not depend upon velocity v of the particle. It means,
all the charg s having the same specific charge (charge/mass) but moving with different
velocities a int, will complete their circular paths due to component velocities perpendicular

to the magnetic fields in the same time.

For component velocity v; (vcos0), there will be no force on the charged particle in the magnetic
field, because, the angle between v, and B is zero. Thus, the charged particle covers the linear
distance in direction of the magnetic field with a constant speed vcos0.

Therefore, under the combined effect of the two component velocities, the charged particle in
magnetic field will cover linear path of the charged particle will be helical, whose axis is parallel
to the direction of magnetic field.

™
hil

<
Aaley
= Xcuf
Qe Xt
T 7 i
bohe
;{ "-,; nia
[= rri-n:'- : ?rh
L&
i F.s‘ 'Fg..; "(_‘ﬁe
conel
) a
;} -‘\. ’ __J/I
,fr.—‘;r_;‘.f‘r‘""??-
g_a_-“ N



Resolving v into two rectangular components we have:

vcosB(=v,) acts in the direction of the magnetic field and vsin0(=v,) acts perpendicular
to the direction of magnetic field.
For component velocity v,, the force acting on the charged particle due to magnetic field is

F =q(¥, xB)
or  F=gq|v,xB|=qv, Bsin90°
=q(vsin0) B ...(1)

The direction of this force F is perpendicular to the plane containing Band v, @e acts
perpendicular to the plane of the paper. As this force is to remain always perRenQ V,, it

cannot change the magnitude of velocity v, . It changes only the direction % . Hence the
O

charged particle is made to move on a circular path in the magnetic field, as in figure with

Bqv,=mv3/r
or Vv,=Bgqr/m
or vsinO=Bqr/m ...
The angular velocity of rotation of the particle in magnetic field will be
o vsin© _Bgr_Bgq

r mrm
The frequency of rotation of the particle in"magnetic field will be
p= ... (iii)
2n 2nm

The time period of revolution of the particle in the magnetic field will be

...(1v)

T:l:2nm
v  Bgqg

From (iii) and (iv) we note that v and T do not depend upon velocity v of the particle. It means,
all the charged particles having the same specific charge (charge/mass) but moving with different
velocities at a;point;*will complete their circular paths due to component velocities perpendicular
to the magnetic fields in the same time.

For component velocity v; (vcos0), there will be no force on the charged particle in the magnetic

field, because, the angle between v, and B is zero. Thus, the charged particle covers the linear
distance in direction of the magnetic field with a constant speed vcos0.

Therefore, under the combined effect of the two component velocities, the charged particle in
magnetic field will cover linear path of the charged particle will be helical, whose axis is parallel
to the direction of magnetic field.
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0, don By g, The linear distance covered by the charge particle in the magnetic field in time equal to one revolution

3 Mv‘-.c'- CE c c o o 5 2
‘_‘_‘9 1""'_51, of its circular path (known as pitch of helix) will be d =v,T =v cos6 Ly
Any, 'fﬁ’“‘ e Bg
xS Note:
—T1E5= %64 ( ~
st e .46, (a) If a charged particle having charge ¢ is at rest on a magnetic field B, it experiences no
=A -
—d‘:" X force, as v=0 and F =qvBsin
: La"*?l'r";']t e (b) If charged particle is moving parallel to the direction of B, it also does not experience any
o o) £ force because angle © between v and B is 0° or 180° and 0°sin180° =0 . Thérefore, the
Ee-E4l £ charged particle in this situation will continue moving along the same pathywith*the same
ly* 7 Yo velocity.
(VRS .

/f\\ 1 (c) If charged particle is moving perpendicular to the direction of #B,, it experiences a
L | ‘ —l — maximum force which acts perpendicular to the direction of B .as.well as v . Hence this
y= A (o force will provide the required centripetal force and the charged particle will describe a
b ¢ 2
' N circular path in the magnetic field to radius 7, given by ——== Bqv

K r

, When a charged a particle is projected perpendicular to thé magnetic field, (i) its path is circular
" in a plane perpendicular to the plane of magnetic field ‘and-direction of motion of the charged
- —an particle. (ii) the speed and kinetic energy of the particle'remain constant. (iii) The velocity of the

el charged particle changes only in direction. The forc¢edcting on the charged particle is independent
of the radius of circular path but depends upon-thespeed of the charged particle i.e., F cr° (but

F ocv). (v) The time period of revolution ofa charged particle in the magnetic field is independent

of velocity of particle and radius of the.cireular path i.e., Toc 7’ v°.

Fleming’s left-hand rule: The direction of the force experienced by a linear conductor placed at
right angles to a magnetic field issmore.conveniently given by the following rule by Prof. Fleming.

—>
B
.z;
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If the forefinger, middle finger and thumb of left hand are extended so as to make them mutually
perpefidicular then on pointing the forefinger and the middle finger in the directions of the field
andthe current respectively, the thumb indicates the direction of the force experienced by the
conductor.

Example-13: A proton is moving with a velocity of 10° ms™' perpendicular to a magnetic field of
strength 1.5 Tesla. What is the magnetic force on the proton? Compare it with the
gravitational force. (Charge carried by a proton =1.6x107"°C mass of a proton
=1.67x107" kg).

Solution: We have AF =gq,vBsin(v,B)

A
Since the angle between v and B is 90°, sin(v, B)




o AF=1.6x10"7x10°x1.5=2.40x10"* N
The gravitational pull =1.67x1072" x9.8=1.6x10726 N

Thus, the magnetic force is 102 times greater than the gravitational force.

Example-14: A beam of ions with velocity 2x10° ms™

field of 0.04 tesla. If the specific charge of ion is 5x10’ Ckg™, find the radius of the

circular path described.
1

enters normally into a uniform magnetic

Here, v=2x10° ms~

B=0.04T; q/m=5x10" C/kg

Solution:

As gvB=mv*/r

b 2x10°

= =0.01m
(g/m)B  (5x107)x0.04

or r=mv/gB=

Example-15: An electron of mass 0.90x107° kg under the action+of magnetic field moves in a

circle of radius 2.0 cm at a speed of 3.0x10%ms7" fIf a proton of mass 1.8x107 kg

were to move in a circle of the same radius'in the same magnetic field , find the
speed.

Here, m, =9x107' kg
r,=0.02m; v, =3x10% ms~

m, =1.8x107 kg; v, =0 rp=0.02m

Solution:

We know that qv B =mv*
or v=qrB/m
v qa, 1, B/mp “m

p e

so, ——= = as q,=q,; 1,=1,
Ve  q% Bim, m, [as 4, =4 b |
6 -31
Va =V, ' =3X10 X9>i2170 =1.5x10° ms™
m, 1.8x10

g

<, TORQUE ON A CURRENT CARRYING LOOP IN A MAGNETIC FIELD

(i)  Consider a rectangular loop of wire with sides / and & the loop is in the plane of the paper
and the magnetic field is parallel to the plane of the paper. Sides ad and bc of the loop are
perpendicular to the field in all the figures. In figure the magnetic field is perpendicular into the
paper and in figure the magnetic field is neither perpendicular nor parallel to the plane of the loop,
but it is inclined to it. In figure equal and opposite magnetic forces of magnitude, F = BI/ are
exerted on ad and bc perpendicular into the paper and out of the paper respectively. Since ab
and cd are parallel to the magnetic field (o = 0) no magnetic force acts on them. Thus, the net

translatory force on the loop is zero. The torque, however, is not zero, because the forces on the
sides ad and bc constitute a couple of moment (torque = force x perpendicular distance).




b 4

t=BIllxb=IBS

S =1xb area of the loop.

7
b,
—_— > 2
> ary 1l - - B, =Bsin0
3 | O = /L—L/
T I Y I ..&Q »
\ J /Vc\' EA
> 7 > S
>8] = BcosHO

In second figure the forces on ad and bc are equal and opposite in the planeon the paper, the
forces on ab and cd are also equal and opposite. Hence the loop éxpetiences torque and no
translatory force in this position. Therefore, this is the equilibrium position of a current loop in a
magnetic field.

In the last figure the magnetic field is inclined to the normal toythe loop by 0. A magnetic field
is a vector. It may be resolved into two resolved componentsyalong and perpendicular to the plane
of the loop. The resolved components are B, = Bsinf and B; = Bcos0 respectively. We have
just seen that a magnetic field perpendicular to thedoop exerts no torque, no force and hence due
to the normal component, the loop experiences néithertorque nor a translatory force. But the other
component, being parallel to the plane of the,loop,exerts a torque given by through its also exerts
no force.

Thus < (torque on the loop in the inclined peosition) = /B,S
or 1=/B.SsinB
If the loop is a closely woundsone, having N turns then evidently t= NIBsin0

An area S can be represented be vector S of magnitude S and along the motion of a screw held
along the normal to Stand‘rotating in the direction of the current round the loop. We may then
write

T=ISxB or T=1S7ixB
where T is'the\vector torque on the loop and 7 is unit vector along the normal to S.

(i) When the loop is of any shape carrying a current in the clockwise direction. Divide the loop
into a\large number of smaller loops.

7 7> 1
RIS 55757
(oo SEEECH )
\)o O\ o\ WA/
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Imagine current / to circulate in each loop in the same direction. Along the sides of adjacent
loops, the currents cancel out, since each side in traversed twice in the opposite direction, and
only the current along the external boundary itself remains. Hence the entire loop is equivalent to
a summation of the smaller loops.




T (torque on the loop)

=1+ 1T + 13 +... where Tt,7,,73, ..... are the torques on the elementary loops
=IBS| + IBS, + IBS5 +.....

=IB(S; +8, +S3+....)

= IBS where S =8 +35, + 85 +...= area of the loop.

The force is zero, because the force on each elementary loop is zero. Thus the shape“of the loop
has nothing to do with the torque on a current loop.

: Magnetic Potential Energy z

% MAGNETIC POTENTIAL ENERGY OF A CURRENT LOOP IN A MAGNETIC
FIELD

In placing a current loop in a magnetic field, an external:agént must have done some work, i.e.,
during the process of placing it in the magnetic field there 1s a flow of energy from the external
agent to the current loop. This energy is called the magnetic potential energy of the loop. Thus,
a current loop possesses potential energy in any pesition. Let it be U, , when 6=0. The total
potential energy in any position is the wotk done by the external agent from this position to the
assigned position plus the potential enefgy atv0=0.

0 0
U=U,+[tdd=U, +[MBsin 0d.=U, + MB [-cos6])
0 0

or U=U,+MB(-cos0)
0 =m/2 asthe zero-energy position, then
0=U,+MB\, or U,=-MB

If we take

or U=-MB

Equation provides an alternative unit and definition of magnetic moment. According to this
equations
AU (change
This is the work done in turning the normal to the loop through 0 in the magnetic field.
v Work done in turning through © by an external angle = MB(1— cos0)

in potential energy) =U —U, = MB(1-cos9).

Put 6=x/2 and B=1Tesla
Work done in turning though =/2=MB .

Thus the magnetic moment may be defined as the energy required to turn the normal to the loop
through 7/2 in a unit uniform magnetic B-field of 1 tesla. An alternative unit of magnetic moment

is obviously, joule per tesla (JT™'), as can be seen easily.
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: Moving Coil Galvanometer K

—

A suspended type moving-coil galvanometer consists of a recta or circular) metallic frame.
It is suspended between the semi-cylindrical poles of a p magnet by means of a fine
phosphor bronze wire from a torsion head T. Co-axiall he cylindrical space between the
poles, a soft iron cylinder is placed in such a way that%t ir gap is left all around for the free
turning of the coil. The cylindrical poles of the’ma;zfl e rise to a radial field and the soft iron
cylinder intensifies this field by virtue of its highy ability. The advantage of the radial field
the horizontal section is shown in figure is,that,the plane of the coil is always parallel to the
magnetic field. One end of the coil is soldéred to the phosphor bronze wire and the other end to a
loosely wound spiral of the same material,snamely, phosphor bronze. This is connected to a

binding screw 7;.

Whieh*forms one terminal of the galvanometer. The other terminal 7, is connected to the torsion

head»The whole instrument is enclosed in a flat cylindrical box supported on a heavy circular
base provided with three leveling screws. The small angle of rotation of the coil is measured by a
lamp and scale arrangement. For this, a small concave mirror M is attached to the suspension
wire. Light from a source L is directed on to the mirror through a glass window and the reflected
light is received on a translucent scale graduated in millimeter.
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THEORY:

When a current is passed through the coil, it experiences a magnetic torque due to the magnetic
field, which is given by t= NISBsin ¢, where N = number of turns, / = current through the coil,

S =area of the coil, B =magnetic field and ¢=angle between the normal to the coil and the

magnetic field. Due to the use of cylindrical poles, the magnetic field between the poles is radial
in nature. In such a field the plane of the coil is always parallel to the magnetic field. Hence,

o= g always in such a field.

. t=NISB
By the action of this torque, the coil is set in rotation about the axis of suspensio @ing a
torsion in the suspension wire. A mechanical torque is then called into play in o itedirection,
which increases with an increase of the angle of twist, and eventually when thi onal torque
equals the magnetic torque, the coil comes to rest.

If ¢ =the torsional torque per unit twist, then for equilibrium NISB = c@@ 0 is the angle of
twist.

or I=

c *
x0=K0
NSB
where K = NLSB , called the current reduction factor OQ anometer.

When the coil rotates through 6, the attached nii 1 also rotate through 0, but the reflected
ray from it will rotate through26. Let D b istance of the scale from the mirror and d be the
distance through which the image is shiftet)

CT ﬂ‘
c d ' :
ors — I=——— Tocd. be¥edg =L ey
2D NSB 2D - X, Ue
Current sensitivity: These galvanometers are extremely sensitive because, K is very small. The {erex
current sensitivity (S;) is defined as the deflection in millimeters produced on a scale 1 metre =7 : :
away by a current of one micro ampere. The order of sensitivity of this type of galvanometer is ;;Fs,l . ,_,;r""
-11 @
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0, do ey g Factors governing the sensitivity of a galvanometer: Since / = KO0 =K 5D’ for a given current,
£iavts é Bas=

the greater the deflection, the smaller is the reduction factor K. Hence the sensitivity of a
galvanometer is inversely proportional to its reduction factor. That is, the current sensitivity

NSB : e
S;a . Thus, the factors governing sensitivity are:
c

1.The sensitivity is proportional to the number of turns, the area of the coil and the intensity of
the magnetic field.

2.The sensitivity is inversely proportional to the torsional torque per unit twist (c). The'Complete
expression for torsional rigidity, i.e., torsional torque per unit twist is

nmr?
20

C=

where n = modulus of rigidity of phosphor bronze, » = radius of the phosphor bronze wire and
[ = length of the phosphor bronze wire.

All these factors are controlled to contribute their maximum( towards the sensitivity of the
galvanometer. This is why these galvanometers are extremely'sensitive.

Example-16: A moving coil galvanometer consists of a coil of area 2.5x10*m? and 100 turns. It

is suspended in a radial B—field of strength 0.1 tesla. Calculate the current required
for a deflection of one degree. The “torsional rigidity of the suspension wire is

1.5x1077 Nm/ radian .

Solution: We have, [ = K0

Where K =——
NSB
7
Here 0=1°=—— rddian, = [=———— - 1.5x10 E ——=10"" ampere
180 NSB 180  100x2.5x107" x0.1 180

Example-17: A milliammeter of resistance 10 ohm gives a full-scale deflection for 50 milliampere

of current."How will you convert it into (a) voltmeter reading up to 100 Volt, (b)
ammeter measuring up to 1 ampere?

Solution: Towconvert the milliammeter into a voltmeter of 100 V a high resistance of such value

should be connected in series with the coil of the ammeter that a current of 50
milliamperes is produced through the ammeter
By ohm’s law

50x10° =20 o R=1990 O
R+10

To convert the milliammeter into an ammeter if 1 ampere, a shunt of such resistance
should be connected in parallel with the ammeter coil that a current of 50 milliampere is
passed through the coil of the ammeter and the rest is passed through the shunt.

S(1-50x107)=10x50x107

or  S(1-0.05)= 05S—£—0526Q
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COMPARISON OF ELECTRICAL AND MAGNETIC FORCES:
Form coulomb’s law, the magnitude of electrostatic force between two charges ¢, and g,
separated by distance r is given by

__ L Gk
° 4ne, r?
Consider two parallel conducting wires of length dl, and dI, carrying currents /; and I/,
separated by distance 7 .
The magnitude of the magnetic force acting between these two current elements is gi@r

w, Iil,
Fm :Er—zdll dlz Q\Q

Let g, and g, be the charges flowing for time # in wires for currents /; a

Ildll :%.dll = qlvl and IZdlz :qTZ dlz :q2V2 O

*
e %)
Dividing by = =y, (U, &). !

Since left hand side in dimensionless, therefore; @nd side of must also be dimensionless. It

means the quantity [, €, must have the di of (velocity)™ . Here v, and v, are the drift

velocities of electrons in current elements. drift velocities are of the order of 107 ms™,

therefore @
v, =107 x107° =107 m?s? \
It also found that @K

1
&= or
HO eO

where ¢ is the veloci lighti. e. ¢=3x10® ms™

-10
Putting valuesii Fp_ 107 ~10"%
F, (3x10%)*

It shog& the magnetic forces are very much smaller than the electrostatic forces in current

ca g conductors. However, the electric forces never dominate the magnetic forces in current
ing conductors because

(i) the matter is electrically neutral to very high degree of accuracy. The flowing charges do not

disturb the neutrality of the matter. Thus, the coulomb’s electric forces are very rarely in evidence.

(i1) in an electric current, the large number of electrons are drifting towards the same direction.
This adds up weak magnetic fields, which become evident.
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a)
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d)

PRACTICE QUESTIONS

To determine the minimum magnitude of the magnetic field, we consider a scenario where a
particle with a charge of 2 x 107> C moves along the x-axis with a velocity of 10*5 m/s. The
particle experiences a force of 10 N in the y-direction due to the magnetic field. Calculate the
minimum value of the magnetic field.
5x 1073 T in z — direction

2 X 1073 T in z — direction

4 x 1073 T in z — direction

9 x 1073 T in z — direction

<

When a proton with an energy of 1 MeV moves in a plane perpendicular to a
magnetic field of 6.28x10"(-4) T, and considering its mass as 1.7x IOA(-a\Xe cyclotron

frequency of the proton is approximately equal to.

a)107 Hz b) 10°Hz c) 10° Hz d) 10* Hz
Given that a magnetic pole with a strength of 9 x 107 A%&riences a force of 2N,

determine the magnetic field at the point where the po ated.

a)20 Wbm=2  b) 50 Whm™2 0y p\@ d)222T

Consider a charged particle with mass '@arge 'q' entering a region of uniform magnetic
field 'B' perpendicular to its velocitys'v. Prior to entering the magnetic field region, the

particle was accelerated by a p ference 'V' (in volts). Calculate the diameter of the
circular path traced by the charged particle within the magnetic field region.

0o
a)%\/?

2 2mV 2mV
b) =, [=— ¢)B E 2m_V
B} q q q, B

AB and(CD. are long parallel conductors separated by certain distance. X is the mid-point
betweenithem (see the figure). The net magnetic field at X is B. Now, the current 4 A is
switched off. The field at X now becomes
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a) 2B b) B d) 3B

6. When a wire AB carrying a current of 15 A is bent into the shape depicted below and placed in
a magnetic field of 3 T, which is perpendicular to the plane of the paper and directed outward,

the wire will undergo a force. Determine the value of force.
N

4cm
15A

@eﬁtrlc and magnetic fields,
while maintaining the

r orblt
straight line

a) Zero b)5N ©)3N

7. When a beam of electrons passes through mutually perpendi
it remains undeflected. However, if the electric field is sw1t
same magnetic field, the electrons will continue to mov

b) Ina
d)Al

a) In an elliptical orbit
¢) Along a parabolic path

magnetic force experienced by
side AC of the triangle.

C
d) V2F

9. .0g wire of length L=98.0cm is suspended by a pair of flexible leads in a uniform
magnetic field of magnitude 0.440 T (see figure). What is the (a) magnitude and (b) direction
(left or right) of the current required to remove the tension in the supporting leads?
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b) 10A, right b) 20A left c) 10 A left d) none of these

10. Consider the figure shown, which consists of two semicircles with radii r; and r,,
through which a current i is flowing. Find the magnetic induction at the centre point

" 6\\(\@

%o X
r +

bl bl (72 1)
2 4 d 4 \ nnr,

.
11. Let's consider a wire loop PQR in the sh &ight-angled triangle, where PQ = 2x,
PR = 5x, and QR = 7x. A steady curre@ ows through this wire loop. The magnitude

of the magnetic field at point P, cau y this wire loop, is given as:
K (Mo 1)/(24mx). Determine th@

b).uol

Mol
a)T (rp+713) e (rp—1)

d
f k.

d) None of these

a) 8

12. Consider two wi
a circle of S

c)7

\
b)3 ®~
$

and B, with lengths 50 cm and 30 cm, respectively. Wire A is bent into
1, while wire B is bent into an arc of radius r. A current passes through wire

i2 passes through wire B. To achieve the same magnetic inductions at the

A, and $
cen@mine the ratio of i1 to ia.
b)3:5

a)3: c)2:3 d)4:3
$ ey
= XU
: Q""xg"
5 Fhe ke,
a- -« mag
F !F!A!=‘4rh
? ForlBa G
FouBd %
e ”.n
£ “
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13. The net force on the square coil is:

20cm
Q o

-« 1cm =

a) 25 X 107N moving towards wire b) 25 x 10~7N moving away from 5@
re

)32 X 10~7N moving towards wire d) 32 x 107N moving away K\

14. Let's consider a situation where two long parallel wires are placed 2d apart. These wires
carry equal and steady currents flowing out of the plane of the pape own. The magnetic
field along the line XX' varies according to the given expressio ction.

\
R\

e-€al A‘_E
T Yoo
1=
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15. PQ and RS are long straight conductors, distance d apart, carrying a current I. The magnetic
field at the midpoint of QR is
Q d R

—Hol ~

—Hol ~ —Hol ~ —Hol ~ @
b d
2 2md k ) md k © 4md k ) SHQkQ

16. At a specific location, the magnetic induction of the Earth is measured to \
To counteract this magnetic induction, we need to generate an equal a posite magnetic
induction at the centre of a circular conducting loop with a radius of@ ind the current

value required in the loop. 6 .
K dog A

17. A horizontal rod, weighing 15 gm and measuring 20 ¢ gth, is placed on a smooth
inclined plane tilted at a 60° angle with respect to t izontal. The rod is oriented parallel
to the edge of the inclined plane. To maintairyth@n a stationary position on the inclined

ied vertically downward. The current

a) 0.56 A b) 5.6 A c)0.28 A

plane, a uniform magnetic field of induction X
passing through the rod is set to 1.96 ampetes. Eind the specific value of B that allows the rod

to remain motionless on the inclined pl@

a) 1.96 tesla b)T}%tes]a {\'@' ¢) 0.66 tesla

@s the region between the plates of a charged capacitor, as
arge density of o, generating an electric field intensity E in the

space between them. ionally, a uniform magnetic field B exists in the same region,
perpendicular to he direction of the electric field E and the electron's motion. The
electron moves perpendicular to both E and B, maintaining its path without any deviation.
Determi ime required for the electron to cover a distance of 1 in this region.

d) None of the above

18. Consider where an elect
depicted. The plates

© Wb/mA2.
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19. If a straight wire carrying a current is transformed into a circular loop, and the magnitude of
the magnetic moment associated with the loop is represented by M in MKS units, determine
the length of the wire used in creating the loop.

4T 4M rmi Mmn
M b)‘/ i 9 /V Dot

20. When two parallel wires in free space are situated 15 cm apart and each wire catries\a current
of 5 A in the same direction, calculate the force per meter of length that on% erts on the

other. Q
a) 2 X 10™*N, attractive b) 3.33 x 107*N, repuls@

b) 3.33 x 107°N, attractive d) 2 x 1077N, rep% .
21. Consider two long solenoids. The first solenoid consists s per cm and carries a

current of magnitude resulting in a magnetic field of SS f /m”2 at its centre. The
0

second solenoid is comprised of 200 turns per cm a s a current of magnitude i/3. Find
the value of the magnetic field at the centre of th@ nd solenoid.
a) 5.5% 1072 Wbm™2

b) 5.5 % 10~5 Wbm™2 \Q\
¢) 5.5 % 1073 Wbm™2 C)

d) 55x10"* Wbm™2 @, % .
22. In the given situation, there &xaomogeneous electric field E” and a uniform magnetic = ‘ .
field B”, both pointing in t e direction. A proton is projected with a velocity parallel to e _
E”. Determine the behaviour or the path followed by the proton under these conditions. i ""ﬂ' P
,."' . I
a) Goon movin@ same direction with increasing velocity atem &
b) Go on moying insthe same direction with constant velocity fo={Reydy”
¢) Turn to its right s gkey 96,0
d) Turn left
R . I :
. . . . . ta
23. A large ' magnet is broken into two pieces so that their lengths are in the 4:1. The pole _ | 3
gths of the two pieces will have ratio

a) 2:1 b)1:2 c)4:1 d1:1

h Un=-30 (3 )de A Qe

P 4 v i —
¥ 11,‘ Cper = —e >3 = - n 3 4%
_‘ 3 Mg>Gub=vd b B { i (: A i s 4 A 3! 1 A'R e | 2 MaVis SN
. -~ — - ] = 2 = . : L —" 1 . ’

vgX X X xx = 8 a0l a e 2 ==} N ) 7 o T T
¥ ¥ X X X X vl e La -

- T

X

S __;r-‘:_l- A g A A | . {\‘\::i_ - YL . N "‘3"”‘;;" SR e i I
-0 8 ¥ 57" Aaah LilsraM2 Pl L 2 — e 4 J. i Ve = g -~ Ay A




24. Consider a configuration where three long, straight, and parallel wires carrying currents are
arranged as shown in the figure. Wire C, carrying a current of 6.0 A, is positioned in such a
way that it experiences no force. Find the distance between wire C and wire D in this

arrangement.
M~ JAEM—"
. \QQ
a) 9 cm b) 7 cm c) 5 cm d) \cm

25. A wire along x-axis carries a current 5 A. Find the force in ni @oﬁ a 2 cm section of the
wire exerted by a magnetic field B= (0.857+ 0.24 k)é

a) (126 k—2.597)1072 N 9§) X 1072 N

b) (1. %
©) (—2.97k+0.847) x 1072 N d) 2@ —0.84j) x 1072 N

26. A solenoid of 2.5 m length and 5 cm d Qas 20 turns per cm. A current of 8 A is flowing
through it. The magnetic field 1nd\® axis inside the solenoid is

a)2m x107* T b)2m X 1:?&

lationship between the magnetic induction (B) along the axis of a
the current flow (i) within it, and the distance (x) from one end is

N

) 128G d)1.28n G

27. The graph depicting th
long solenoid, ¢

B C)B d)B
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28. To extend the range of a voltmeter, which has a resistance of 35x 10° Q, to three times its
original value, an additional resistance needs to be connected in
series. Determine the value of the additional resistance required

a)9 X100  b)0.55 x 105 Q ) 1.5 x 105 Q d 9 x10%50

29. When a vertical circular coil carrying current is situated in a way that a neutral point is
achieved at its centre, find the angle between the plane of the coil and the magnetic meridian.

.
the same
1

a) 0 b) 45° ¢) 60° d) 90°

30. When comparing three magnets with cross-sectional areas A, 3A, and 5®\ing

length, determine the ratio of their magnetic moments. Q

1
*

31. In a mass spectrometer designed to measure the masses of i%,%ions undergo initial
acceleration through an electric potential V. Subsequent@ are directed to move along
semicircular paths of radius R by a constant magnetic . Keeping V and B constant, the
ratio of the charge on the ion to its mass remains @ ional.

a) 5:3:1 b) 1:3:5 c)3:6:1

*

RS

32. Consider a pair of stationary, inﬁni&&:nt wires positioned in the x-y plane. These wires
carry currents of 12 A each, as the figure. The wire segments L and M run parallel to
the x-axis, while the segme nd Q are parallel to the y-axis. Additionally, the points OS

and OR are both located ai nce of 0.03 m. Determine the magnetic field induction at the

origin, denoted as p(:&
yi

a) 1/R b) 1/R? d)R

a) 1073 T b)4x 1073 T ©)1.6 x1074T d)10* T

33. When a 10 Q shunt is applied, the deflection in a galvanometer decreases from 50 divisions to
20 divisions. Determine the resistance of the galvanometer.

= '—;, = a) 150 b) 36 Q c) 24 Q d 300
1= Aca(fyw-d
——
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34. Consider a long straight wire positioned along the z-axis, carrying a current I in the negative z
direction. The magnetic vector field B” at a point located in the z=0 plane, with coordinates (x,

35.

a) Vertically upwards and the current is also  b) Vertically upwards Qw current is flowing

¢) Horizontal with current from south to north d) Horizontal avit

36. In Nebraska, where the horizontal component of
wire carries a current of 10 A in an upward dk& .

37. Two circular concentric lo
plane as shown in til@ current I = 10 A is flowing through them. The magnetic
is

y) is
Hol(yi—xj)

Hol(xT + y7) Hol(xT — y7) Hol(xT — y9)

)21'[(X2 +y?2)

a manner that

flowing upwards

force exerted on
(1G=10"*T)

a) SEto W

moment of this loo

A cable, carrying a direct current, is buried in a wall that lies in a north- south pl Q
west side of the wall, a horizontal compass needle deviates from its usual

orientation and points towards the south instead. This occurs because the &X{)Sltloned in

d)

2n(x?% +y?) k 2n(x? +y?) 2n(x? +y?)

down downw
ent from north to south

<

agnetic field is 0.5 G, a vertical
ind the magnitude and direction of the
1 meter of the wire.

b)5 x 1073 Eto(bcz) 5 x103Eto W

diir; = 10 cm and r, = 20 cm are placed in the X — Y

d)5 x10*Eto W

S




1= Aca(Ger-dl

a)+ 0.4k (Am?) b)—1.5k (Am?) ¢) +2.51 k (Am?) d)+ 1.3 (Am?)

38. A linear conductor with a length of 50 cm carries a current of 4A. The conductor is positioned

within a magnetic field of strength 400 G, making an angle of 30° with the field's direction.
Under these conditions, the conductor experiences a force of a certain magnitude. Determine
this magnitude of force.

2)4x 107N  b)4x 102N ¢)3x 102N d)3x 10*N

39. To convert an ammeter with a resistance of G Q and a range of ampere into an a ith a
different range in ampere, a parallel resistance needs to be introduced. Detﬁ\i\t value of

this parallel resistance.

G
a)nG b) (n — 1)G c)—
n -1
40. The magnetic potential due to a magnetic dipole at a point o @s’distant 30 cm from its
centre is found to be 1.4 X 107> JA'm ™. The magnetic of the dipole will be
a) 28.6 Am? b)32.2 Am? c) 12. d) None of these

*

41. Let's consider a galvanometer with a resi e of G and a current that produces a full-scale
deflection. To convert it into an amziit with a range of 0 to a shunt with a value S_1 is

utilized. Similarly, for a range 0& shunt with a value S_2 is employed. The ratio
S 1/S 2. K

¢)2 dy1

L 4 . . . . 5
42. When a @nd an o-particle are projected perpendicular to a magnetic field, determine the

rati<$ ajectory radii.
S b)1:2 c)4: 1 d)1: 4

"W Ced |

fon e T e v Ui T Y TV |
3{5)de Eoted- s ﬁ-,.’g p 4 st "l"'_....l "My 4 N ‘ (_._,__L
Cubeviby ¥ T a4 ¥ 4 * A X T o S e M ™ - o)
\ et ele) A >\ ' Als — 2.  _ 4 ey e
7 §UdA ¥ite T L / : , I ¢ RN 2 Mt at MUY —
A A I = _:Fgé_i____*;- 1,_ i L] S m . /
Tk bderid sl S - s _t-4 F F. oy, . b &l 1S

Sl nAg

’5%’: :
i £ F}ltﬁ‘gF‘

F& ;Fiﬂ!; - ?’q
r (¢
Fa{Fd ‘-:3:(




ANSWER KEY-

) a ) d 3 d 4 b
5 ¢ 6) d 7 b 8 b
9 a 10) ¢ 1M 12) b
13) ¢ 14 a 15 b 16) b
17) ¢ 18) ¢ 19) b 200 b
2)  a 22) a 23) d 24) ¢
25 d 26) ¢ 27)  a 28) b
29) d 30) b 31) b 32) ¢ @
33) a 34) a 35 a 36) d o Q
3 ¢ 38 b 39) d 40) ¢ \\
41) a 42) b
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HINTS AND SOLUTIONS

1. (a)
The minimum value of magnetic field
F
"~ qusin90°
107°
T 2x10712x 105

=5x%x103Tinz

— direction

2. (d)
Cyclotron frequency is given by
qB

V= 2mm
_ 1.6 x 1071° x 6.28 x 107*

2%x3.14 x1.7 x 10=27
=0.94 x 10* ~ 10* Hz

3. (@
- F _ 2
" m  9x10°2
=222Tor22.2 Wbm™2
4. (b)
muv?
Bqv = >7
_mv !
= Bq £

Since particle was initially at rest andsgained’a
velocity v due to a potential difference of V
volt. So,

KE of particle = % mv? = q¥
v

_|2qV
Sl m

From Egs. (i) and (i1), we get

.. (i)

m[2qV
= E‘; b
1 2mV
== T
-~ Diameter of the circular path
d=2r= 3 Zm_V
B q

5. (¢)
Magnetic field at mid-point M in first case is B =
Bpg — Bgs
(+- Bpg and Bgg are in opposite directions)
=4Ho_2H0=2H0

4nd 4nd 4nd
When the current 4 A is switched off, the net

magnetic field at M is due to current 1 A

B,_H0X4X1_B®
~ 4nd _Q

3
6. (d) \\
The given wire can be replac@ straight wire
as shown below P~
N
10cm

Hence'force experienced by the wire
F = Bil =3 x15x 0.1 = 4.5N

7. (b)
If both electric and magnetic fields are present
and perpendicular to each other and the particle is
moving perpendicular to both of them with F, =

F,,. In this situation E+0andB # 0.

F.
@®
®
E| 4 K
@®
@®
Fm

But if electric field becomes zero, then only force
due to magnetic field exists. Under this
force, the charge moves along a circle

P -Folaal,

rr-Rp Lyl b



0, d sin h."-‘""!
:*M\"n é-;&n-
'2¥ ey g = L
ey, o]
= Eq= €.
::‘ f""G.ﬂ

8. (b)
Force along AB is zero as magnetic
field is along AB.

The net force on a current carrying loop
is always zero.

Fnet=F on AB—+F on BC—+F

Hence on AC,

=0=0+F+ (F on AC)

Hence, F on AC is —F

9. (a)
The magnetic force on the wire must be
upward and have a magnitude equal to
the gravitational force mg on the wire.
Since the field and the current are
perpendicular to each other the
magnitude of the magnetic force is
given by FB=iLB, where L is the length
of the wire. Thus,

iLB = mg = i= mg/LB

=10A

(b) Applying the right-hand rule reveals th @ 3y 2
the current must be from left to right. t’or Holz _ Mo (lz
T

10. (¢)

The magnetic induction due to both s&&ular
parts will be in the same directio dicular
to the paper inwards

Hol

i (r1 + rz)
4' 1% 4’ rlrz

"'B=BI+BZ=7+

11. (C) V'S

Magnetic field @ to PQ & PR is zero
Magneti@a due to QR
B = Z—°$ ina + sin )
o, 1 [3,4
Were, = uTx [5 + 5]
Tuol
= ~ k
48 mx

4x R
P
8
@ 12x/5
Sx
3x S
0
12. (b) Q@
For wire A, N
_ Holq \\
7o Q
Where r = 2> O
2T
For wire B,

Circumference = @1’
nmnr = 30 &
3 _3
/2w 2 T

T

)

or nm

or
L 2

) ‘g
S S w

2r

B

T

i
or ==
2

alw P

13. (¢)
Force on side BC and AD are equal but opposite
so their net will be zero

B 20cm c
2A N A 15cm
F:B_ Feo
A D
—
) 1cm
_ = 2X2X%X1 -2 _
But Fyp = 1077 X ooz X 15x107° =
6 x 107°N
and Fp = 1077 % X 15x 1072 =
2.8 %X 107°N

=1 Fnet = FAB - FCD = 3.2 X 10_6N
= 32 x 10~7N, towards the wire




14. (a)
If the current flows out of the paper, the
magnetic field at points to the right of
the wire will be upwards and to the left
will be downward. Now magnetic field
at C, is zero. The field in the region BX
'will be upwards (+ve) because all
points lying in this region are to the
right of both the wires. Similarly,
magnetic field in the region AX will be
downwards (— ve). The field in the
region AC will be upwards (+ve)
because points are closer to A compared
to B. Similarly magnetic field in region
BC will be downward (—ve). Graph 2)
satisfies all these conditions.

15. (b)
The field at the midpoint of BC due to

AB is (— Z—; . d;}z A) and the same is due
to CD.
Therefore, the total field is [— (%) IE]

16. (b)
Uo 2mi (1077) X 2 X 3.142 X i
—X—=H>
4r r 0.05
=7x%x107°
. 7x0.05x10750 /35
T T 2X 3142 x40 %, 2% 3.142
=5.64
17. (¢)
The given situation can be.drawn as follows

Fm cos 60°
2

F = ilB = mg sin 60° = ilB cos 60°
0.015x10x+3
0.2 x 1.96

= 0.66T

18. (¢)
Force on the electron due to the electric field E
is Fp = (—e)E
Force on the electron due to the magnetic field
B is Fg = (—e)vB The electron will move in
the fields undeflected, if these two forces are
equal and opposite

E
eE=evBorv=E

Electric field between the plates is E = —
o

v = SOB . Q
The time take by the K avel a
distance [ in the spO
0B

(e

19. (b)
l=2nr orvr = 1/2m
Area of circularloop, A = mr?
Magnetic.moment M = [A = i r?

= imXd?/4n® or 1= J4mM/i
20. (b)
_ ko 21112 . 2X5X%X5
077 X ————
T 4Am aq 0.15
=3.33 X 107°N

Direction of current is same, so force is
attractive

21. (a)
Magnetic field due to a long solenoid is given
by
B = pgni
From given data,
8.3%x 1072 = py x 100 X 102 X i
...(1) _
and B = jig X 200 x 10% x (3)
...(i1)
Solving Egs. (i) and (ii), we get
B =5.53 X 1072 Wb/m?
22. a)
Here magnetic force is zero, but the
velocity increases due to electric force
23. (d)
Pole strength does not depend on
length.

P -Folaal.
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24. (¢)
For no force on wire C, force on wire
C due to wire D = force on wire C due

to wire B
2X12%x6
:ﬂx—xl
41 X
_u0x2X6x12
T 4m” (10 —x)
Xl=>x=5cm
25. (d)
F=i[lx B]

=3.5[10"21 x (0.85] — 0.24 k)
=(2.97k—0.847) x 1072 N.

26. (¢)
B = poni
=41 x 1077 x (20 x 20)
X 8
=128t x1073T
=1.287 x 1073
x 10* G = 12.8nG.
27. (a)

Magnetic field in the middle of the solenoid i{

maximum, magnetic field at it’s one end i%

of the M. F. at the centre K\

)

29. (d)
The magnetic meridian refers to a vertical
plane aligned in the north-south
direction, within which the Earth's
magnetic field (B_H) is present. To
achieve a neutral point at the centre of a
coil, it is necessary for the magnetic field
resulting from the current (B) and B_H to
counteract each other. As a result, the
plane of the coil and the magneti

meridian must be positioned @
perpendicular to one anotha@epicted
ion, refer

below. (For additional K&

to the topic of magne
Magnetic

meridian

Q)

agnetic moment X pole strength « area
cross sectionand M xm o« A
My :My,:M;=1:3:5

Plane of
the coil

_____________________________

: _1 3. (b
L€ Bena = 2 Bc@ Rédi)us of path
28. (b) @ _ Loy g ey g AL
V = iR andV’=% FEZVV By @ m BR® m R®
Or R'=2R=%35x10° = 1.05 x 32. (0)
105Q Total magnetic field induction at O is
Additim@ssistance B =B + Bgp + Bys + §SQ
$ 05 x 105 — 0.5 x 10 o tol o Ml w2
=0.55 x 105 Q 2nr 2nr  2mr
_ 2x1077x2x12 —16x10-4T
0.03
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33. (a) Net magnetic moment

i =50 k; ig = 20k, where k is the figure of metit =M; — M,
of galvanometer; § = igG /(i — ig); =09m—0.1m= 2512Am?
So. 10 = —20kG
’ (50k—20k) 38. (b)
On solving we get G = 15(. F =ilBsin® =4 x 0.50 x (400 x 107%)
X sin 30°
34. (a) =4x1072N
Magnetic field at P is B, perpendicular to OP in 39. (d)
the direction shown in figure GG
So, B = Bsir}ei—Bcosej S_i—ig_ni—i_%
Here B = &2 N Q
an
sinf = X and cos 0 = = A (@) \\
i (e Here,r=30cm=0.3r0 -
+ B =22 _( xf) =~ 3512 8 =0° (Axial line)
2m 2 (x% +y?) V=14x 10‘5]/A = =7

= 77 +y] qucos
p__Bsind 1.4 x 10
o
O\ B

% *

(a)

35. (a) _(2i—g
The magnetic needle will be d “\Ni—i g
towards south if initially the ion of

force on the needle due to t 42. (b) B -gedaol
carryipg con<‘1uctc‘)r is t est. Itwill | 1 perpendicular magnetic field - Rplyelom
be so if the direction.of the current is Magnetic force = centripetal force hgyf
Vert%cally upwards ‘and the wire is held e o / e
vertically upw ording to quB = " S>r= B i i
Fleming’s left-hand rule). 1 =={heydy”
* For proton ¢ = e,m; =m 0 (Y
36. (d) For a-particle g, = 2e,m, = 4m ¥ :
. MV B
F = Bil'=.(0.5 x 10%) x 10 x 1 n_m™mv 427 ‘qmc [ ¢
V] 0~* east to west. T GB My %
d i ol T
S L 3. r, e  4m b¥ehy 2l
lil_m | Here, magnetic moment due to loop 1 1 — l 1:‘ u:
1 - . e X, T
e eal L My =iA, r, 2 O B
5 . 2 ok
" ?‘ Yino) = [ Trf o Btk
1] t= = 10 X T (0-30)2 = 0-9 T ’.‘ Fsri . mAQ
/| " Similarly magnetic moment due to loop 2 T IR 4y
:?l*"—; - M, = iA, = inr} o ™
Y= Ace (Bre-d =10 xm(0.10)> = 0.1 o[y 2
) 2 (& RN
— : ;}‘ A=
_1J s_aa‘f ‘v“_h-u
— A * - : -
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