Magnetic Effect of Current

Magnetic induction

A magnet at rest produces a magnetic field around it while an electric charge at rest produces an electric
field around it. A current carrying conductor has a magnetic field (and not an electric field) around it. On
the other hand, a charge moving with a uniform velocity has an electric as well as a magnetic field around it.
An oscillating or an accelerated charge produces electromagnetic waves also in addition to electric and
magnetic fields.

Magnetic induction (Magnetic Flux Density) B is a vector guantity. It is given by the number of lines of

induction threading a unit area normal to the surface. The unit of B in MKS system is weber/metre2, in SI
system is tesla, in CGS system is maxwell/cm2 which is also called gauss. One Tesla = one (weber/m2) = 104

(maxwell/cm2) = 104 gauss
Biot-Savart's law
According to Biot-Savart’s law, the magnetic induction dB at a point P due to an infinitesimal element of

current (length dl and current I) at a distance r is given by: dB 4—0 Idlszm olis called r,c"r"l‘":"" "~ff==~pace. In
r { P
4

1. Thedimensionsof o=[ML1T-2A-2] B
2. Forvacuum: @1/ , , =c=3x108m/s LLe r

~ = di
3. Biot-Savart law in vector form: dB 4—0 I M A °

r

4. The direction of dB is perpendicular to tie piaae determined by dl r.Inthe figure

given here, direction of dB is intqi®e 2age. (Use right hand screw rule.)
5. For =0or = ,sin =0; thugfielddt a point on the axis of the wire is zero.

Magnetic induction dug,to'siraight conductor
The magnetic indiictiah £ aue to a straight wire of finite length carrying current | at a distance d is given by:

0 %[sin . sin ,]1, where iand  are the angles made by upper and lower ends of the wire with

4
the perpendicular distance d at the point of observation.
1. Ifthe wireis infinitely long, then 1= >=90° Hence B 4_0 % 2_0(;

2. Magnetic induction at the centre of separation of two straight conductors carrying equal currents in the
same direction is zero. If equal currents are flowing in two straight conductors in opposite direction,

then the magnetic induction at the centre of separation (distanced) is:B=B1+B>=2 ( o/2 ) (I1/d).

Magnetic induction on the axis of a circular current carrying coil 1
Magnetic induction on the axis of a circular current carrying coil is given by: o " . B
0 2 NIR? oNIR W >
I

4 (RZ X2)3/2 2(R2 X2)3/2
where R = radius of coil, x = distance of any point on the axis from the centre of

the coil,
N = number of turns in the coil and | = current in the coil.



The direction of B is as shown in the figure. For ACW current, B is out of the page, along the axis of coil. If
fingers of right hand are curled along direction of flow of current, the thumb points in the direction of B.

1. Magnetic field at the centre of coil: B, ;;“
2 2
2. When x>>R, then B ONIE ONI(S,R ) ONI;A‘ OM;‘
2X 2 X 2 X 2 X

where NIA = M= magnetic dipole moment of the current carrying coil. A current carrying coil of area of
cross-section A and number of turns N, carrying a current | can be regarded as magnetic dipole of
magnetic moment NIA.
3. Magnetic field due to a part of circular current carrying loop subtending angle at the centre is:
oN
4 R

4. Magnetic field at the centre of half current carrying loop is: B 4—;’;

5. The magnetic induction along the axis of a long current carrying solenoid at the centre part B= onl
where | = current flowing through solenoid, n = (N/I) = number of turns per unit length of solenoid.
6. Magnetic induction at the ends of the solenoid B =( onl/2)

(a) If the solenoid is sufficiently long, the field within it is uniform (except at the enzq).

(b) Magnetic induction produced by current carrying solenoid is indepenflerit of length and cross
section area.

(c) The magnetic induction at the ends of a very long curriniycarrying solenoid is half of that at the
centre.

Ampere's Circuital law
The line integral of magnetic field around & c/0sed path is equal to o times the total current passing
through the closed circuit, ie., oB 2\ Using B ,H, Ampere's law can be writtenas oH di 1.
For a long metal rod of radlifis R carrying a current |
(a) ifr<R, B __' M Yie.B r (b) ifr=R (ie. at the surface), B %
(c) For a hollow metallic rod carrying a uniform current, for points inside the hollow rod B=0

Force on a charged particle in uniform constant magnetic field:

MF = qvB sin @
When a test charge g moves in a magnetic field of induction B with a velocity v, then q J .
it experiences a sideway deflecting force F, given by: F q(v B). The force F is S5\
always perpendicular to v and B. v

1. If the particle is at rest inside the magnetic field, no force will act on it (v = 0)

and hence the particle remains at rest. vsin 8

2. If the particle is moving parallel to magnetic field ( = 0) no force acts on it. Thus a charged particle
initially moving parallel to magnetic field will continue to move with initial constant speed on parallel
path.

3. If the particle is moving perpendicular to magnetic field, it experiences maximum force.

Motion of a Charged Particle in a Magnetic Field X *x
Case A: When charged particle enters the magnetic field at right angles. @ % x x X
@——
@3 -x * _X@*
\4\ ;_/”
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If v is perpendicular to B, then magnitude of Lorentz force is F = qvB. It is directed along the direction

of v B.Inthe adjoining figure, for +ively charged particle (1), the force is upwards while for negatively
charged particle (3), the force is downwards. For neutral particle (2), there is no force. The path of
particle (4) indicates that it must be a positively charged particle.

Since the force is perpendicular to velocity vector v (when particle enters the .

magnetic field at right angles) it moves in a circular path. For the field B shown in . . A
the adjoining figure (upwards, out of page), a negatively charged particle moves in
anticlockwise path while a positively charged particle moves in a clockwise path. If
the field B is into the page (downwards) then positively charged particle movesin a
circular anticlockwise path, while negatively charged particle moves in a clockwise .
path.

The force equation is mv2/r = qvB.

The radius of circular pathisr=mv/gB  where mv = p = (2mK)/2 = momentum of the particle.
Time period of revolutionis T=2 r/v=2 m/qgB

The frequency isf=1/T=gB/2 m

The angular frequency is =2 f =qgB/m. This is often called cyclotron frequency.

Case B: When the particle enters the magnetic field at an inclination (i.e., v is not parpendicular to B).

1
2.

4.

In this case, the path is helical.

Due to component of v perpendicular to B,ie,v =vsin ,the particie describes a circular path of
2 mvsin
gB
The time period, frequency and angular frequency aief(a2y)T=2 m/gB (b)f =gb/2 m (c) =
gB/m
2 mv 2r

The pitch of the helical path is: D Wweos T cos
gB sin

radius r, such that qv B or r

Force on current elementiinia magnetic field

1
2.

3.

Force on a curgzelnt 2iamient of length di placed in a magnetic field B is: dF I(dl B)

In special case’ot a straight wire of length | in a uniform magnetic field B, the force is; F I B) orF=

IIBsin , where =angle between direction of current flow and magnetic field.

Force is zero if | is parallel to B and the force is maximum when direction of current flow is
perpendicular to B.

The direction of force is given by Fleming's left hand rule. According to this rule, if the forefinger points

in the direction of B and the central finger points in the direction of current I, then the thumb points in

the direction of force. (Here, forefinger, central finger and thumb are kept mutually perpendicular).
Force on a semicircular wire in a magnetic field: F = IB(2R), where R is the radius of semicircular

wire.

Force between two parallel current carrying conductors:

(a) Two parallel wires carrying currents in the same direction attract each other, while those carrying
currents in the opposite direction repel each other.

(b) The force of attraction or repulsion per unit length between two parallel conductors carrying

F 0|l|2

L 2d

(c) Definition of ampere: An ampere is that constant current which if maintained in two straight
parallel conductors of infinite length of negligible circular cross-section, and placed 1 metre apart in

4

currents I, and |2 given by:



vacuum, would produce on each of these conductors a force equal to 2 x 10-7 newton per metre of

length.
(d) Magnetic field produced by a moving charge: The magnetic field produced k- ~ M""‘“"_;,'“,;""“ ~
atpointPis: B —Oq(v—sr)tesla or B —Ow ol
4 r 4 r e
where v is velocity of chargei, r is the distance of point P from charge q and q /\9 >V

is the angle between vand r
Relation Between electric and magnetic forces

1. The magnetic force between two current elements of lengths dl: and dl is: F, 4—°%dlld|2
r

2. We may write IdI q:—l gv. Thus the magnetic force between two charges g: and g2 at drifting with

speeds vi and vz is: F. 4_0 qlvljzvz
r
3. The electrostatic force between two charges . and gzis:  F, ’ 1 qlczlz
o I
I:m V.V, 1

4. Therefore, the ratio:

— (g V1V, —= c
Fe c? v oo
F

5. Thedrift speed of electrons in metals is very small = 10-3 to 105 m/s. Thelefore F’“ neglibibly small
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Magnetic Effect of Current Assignment

A uniform electric field and a uniform magnetic
field exist in a region in the same direction. An
electron is projected with velocity pointed in the
same direction. The electron will

(@) turnto itsright

(b) turn to its left

(c) keep moving in the same direction but its speed

will increase
(d) keep moving in the same direction but its speed
will decrease.

A proton enters a magnetic field of flux density 1.5

Whb/m? with a speed of 2 x 10’ m/s at angle of 30°

with the field. The force on the proton will be

(a) 0.24x10"” N (b)2.4x10"* N

(c)24x10™N  (d)0.024x 10N

Which of the following does not affect the motion of

a moving electron ?

(@) Electric field applied, in the direction of motign.

(b) Magnetic field applied in the direstica of
motion.

(c) Electric field applied wperpendicelar to the

direction of motior
(d) Magnetic figldhappliec” perpendicular to the
direction&f ruich.
An ion with speéd 2 x 10° m/s enters normally into a
uniform magnetic field of 4 x 10 T. If the specific
charge of the ion is 5 x 10" C/kg, the radius of the
circular path described by it will be
(@ 0.10m (b) 0.16m (c) 0.20m (d) 0.25m

Protons and -particles of equal momenta enter a
uniform magnetic field normally. The radii of their

bitsavillhaye gie EiliGrons is accelerated through a
passed normally

(@) 1 potéRtidl differer@ 82 1t is(tHéh

through a uniform magnetic field where it moves in
a circle of radius r. It would have moved in a circle
of radius 2r if it were initially accelerated through a

potential difference

@ 2v (b)2Vv ()2 2V (d)4V
A proton and -particle, accelerated through the
same potential difference, enter a region of uniform

10s

11.

12.

13.

magnetic field normally. If the radius of the proton
orbit is 10 cm that of the -orbit is

(@ 10cm (b)10 2cm(c)20cm (d)5 2cm

A conducting circular loop of radius r carries a
constant current i. It is placed in a uniform magnetic
field B such that B is perpendicular to the plane of the
loop. The magnetic force acting on the loop is

@riB (02 riB (c) zero (d) riB

A circular coil of diameter 10 ¢cm has 10 turns and
carries a current of 5 A. It is piatedyin a uniform field
of 0.5 T with its plane pgraileitothe field. The torque
on the coil, in Nm, 45

(2)6.26x x107 (b)6.25x x 107

(c).AR5x x 10 (d) zero.

A Rdettren of kinetic energy 50 Kev describes a
Gircuiar orbit in a magnetic field. The Kinetic energy
of a proton that describes a circular orbit of the same
radius in the same field would be

(@) 25 keV (b) 50 keV (c) 100 keV (d) 200 keV

An electric current is flowing in a long straight wire.
The magnetic field due to this current at a distance of
5 cm from the wire is 10 gauss. The magnetic field at
a distance of 10 cm from wire is

(a) 2.5 gauss (b) 5 gauss (c) 20 gauss (d) 40 gauss

A portion of a long straight wire, carrying a current |,
is bent in the form of a semicircle of radius r as shown
in the figure. The magnetic field at the centre O of the

semi circle, in tesla, is .

(@ lrx10" (b) Ur / /\ N
(¢) Urx10" (d) zero - e -
A rectangular loop carrying current is situated near a
long straight wire such that the wire is parallel to one

of the sides of the loop and is in

the plane of the loop. If a steady '

current | is established in the

wire as shown in the figure, the

loop will

(a) rotate about an axis parallel ¢
to the wire

(b) move away from the wire

(c) move towards the wire

(d) remain stationary.




14. Two long straight wires, each carrying a current I,
are separated by a distance r. If the currents are in
opposite directions. then the strength of the magnetic
field at any point midway between the two wires is

@2 0 °' © 5= @z

15. A current I flows in a C|rcular arc of wire which
subtends an angle 3 /2 at the centre. If the radius of
the circle is r then the magnetic induction at centre is

(a)TO' ) -2 ol () °'()

16. A straight conductor, carrylng a current I, is split
into a circular loop of radius r

as shown in the figure. The ! f’ /\}_).

magnetic field at the centre O \ S/
of the circle, in tesla, is
|
@2 -2 ©-2 (@ zro
2r 2r

17. A long straight wire carries a current of 10 A. An
electron travels with a speed of 5 x 10°m/s parallel
to the wire 0.1 m away from it. The force exerted by
the magnetic field of the current on the electron is
(2) 1.6 x 10" N (b)3.2x 10" N
(c) 1.6x10™ N (d)3.2x 10" N

18. A square coil of side ‘a’ carries a current I, The
magnetic field at the centre of the coil is

N J2 2J_ ol
@ - (b) (©)

19. Twa concentri@ coils caﬁy the samél currept, ifi
opposite directions. The diameter of the iprer Goiliis
half that of the outer coil. If thesniac€iric Wield
produced by the outer coil at the coramin centre is 1
tesla, the net field at thegelitre is
(@) 1T (b)2 " )3T (d)4T.

20. An electron reval\etiiri a circle of radius 0.5 A with
a speed of 2 x 10° m/s in a hydrogen atom. The
magnetic field produced at the centre of the orbit
due to the electron is

(@1.28T (b)128T (c)0.128T (d)128T

21. A long solenoid has 20 turns/cm. The current
necessary to produce a magnetic field of 20
millitesia inside the solenoid is approximately

22. TR ikiénticalbtat 18 have@ dofmon (ErfirA and their

planes are at right angles to each other. They carry

equal currents. If the magnitude of the magnetic
field at the centre due to one of the coils is B then
that due to the combination is

(@B (b) 2B (c)B/ 2 (d) 2B

23. The figure shows a circular coil and a long straight
wire AB placed close to each other, the wire being
parallel to a diameter of the coil. The arrows show
the directions of currents. The direction of me‘gnetic

24,
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26.

27.

28.

1d

force acting on AB is

(a) out of the page

(b) into the page

(c) towards right

(d) towards left.

A current of 1 A is flowing in the sides of an
equilateral triangle of side 4.5 x 10 m. The magnetic
field at the centroid of the triangle is

(@)2x10°T (b)4x10°T

(c)8x10°T (d)1.2x10*T

In the given figure the straight parts of the wire are
very Iong The magnetic induction at O is

|

(a) 2 % out of page

2r .
(b) ol ol gutof page !%

4 r -

OI . r’/

(C) -2 % into the page VAR

4 r \\\

| |
d) -~ —%into the page
@ @ 2 r Pag

When a stationary charge_is\placed near a stream of

moving charges, . thin |\ the © stationary charge

experiences

(&) ¢nd force

(bX~tyfcece dug to the electric field only

{c)\ aJiorce due to the magnetic field only

&) forces due to both the electric and the magnetic
fields.

A charged particle enters a region where a uniform

electric field E and a uniform magnetic field B exist.

If E and B are perpendicular to each other and also

perpendicular to the velocity u of the particle, then the

particle will move undeviated if u equals

(a) BIE (b)E/B  (c)EB  (d) E¥/B?

An electron of charge e coulomb is going around in an

orbit of radius R metres in a hydrogen atom with

velocity v m/s. The magnetic flux density associated

with it at the centre of the atom is

0 OeV

(d)
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