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MOVING CHARGES AND MAGNETISM

Important Points:

10.

11.

12.

13.

Fleming’'s Left Hand Rule:

Stretch fore finger, middle finger and thumb of thft hand in mutually perpendicular
directions. If the fore finger represents the dimatof magnetic field, middle finger represents

electric field, and then the thumb represents trextion of force (or) motion of the conductor.

Biot - Savart Law:

Intensity of magnetic induction due to currentnedat dB:%'dlszme
T r
Ho i

Magnetic field at the centre of a circular calnrying current = )
r

2

Magnetic induction at a point on the axis of eut carrying circular coiB :“—20—( . n|r2)3/2
r~+x

Force on a moving charge in a magnetic fi€ld Bqv sirb

Force on a current carrying conductor placea mmagnetic fieldr = Bil sind

Force per unit length between two parallel quircarrying conductorsl,:li :%%
T

Magnetic moment of the current carrying coil is1 = niA

Torque on a current carrying coil placed in a nedig field 1= Ni AB Sin 6

Where#0 is angle made by the normal to the plane of thiendth the field

A toroid can be considered as a ring shaped clsskethoid. Hence it is like an endless

cylindrical solenoid.

Galvanometer can be converted in to an amrbgteonnecting low resistance parallel to it.
Galvanometer is converted into voltmeter bynsmting high resistance in series.

Shunt resistance= =
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14. Resistance connected in series to the voItrrRate_\ri— G=G (n-1)

g

Very Short Answer Questions

1. What is the importance of Oersted’s experiment?

A. According to Oersted’s experiment the magneticdfied associated with electric current
flowing in a conductor. He also noted that theraingnt of magnetic needle is tangential to a

circle drawn by taking conductor as centre andiisgdane perpendicular to the conductor.

This observation led to the phenomenon of elecauigmetic induction.

2. State Ampere’s law and Biot-Savart’'s Law?

A. Ampere’s Law:

The line integral of magnetic induction fieBl around any closed path in vaccum (or) air is

equal toy, times the total current through the area boundeitid closed path.
$Bdl =
Biot - Savarts Law:

The intensity of magnetic inductiodB at a distance from a current element of length ‘d

carrying a current ‘i’ is

Current element
s
Y g N\ g
\E\'\* /./\“:I
ranf—
ill" : 'I'& w
I % dB
.*
i

I) Directly proportional to the length of the elent

ii) Directly proportional to the strength of tharcent
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iii) Directly proportional to the sine of the aegbetween the direction of current and the line
joining the element and the point and
Iv) Inversely proportional to the square of thetance between the element and the point

idl sin@
a—

r.2

dB

3. Write the expression for the magnetic inductiorat any point on the axis of a circular
current - carrying coil. Hence, obtain an expressio for the magnetic induction at the
centre of the circular coil?

A.  Magnetic induction field at a point on the axisaofircular coil carrying current at a distance
IS

_ KNk

B=—"""12

2(R +x?)

Here ‘R’ = the radius of the coill
‘n’ = the number of turns
‘i = the current in the coill

U, = permeability of the medium

At the centre of the coil (x = 0),B :%.

4. A circular coil of radius ‘r' having N turns carries a current ‘i'. What is its magnetic
moment?
A. A circular coil having ‘n’ turns carries a currefiitand radius ‘r’, the magnetic moment is

given byzrni .

5 What is the force on a conductor of lengthl’ carrying a current ‘i’ placed in a magnetic
field of induction ‘B*? When does it become maximurf?

A. The force acting on a conductor of lengthcarrying the current ‘i’ placed in a magnetic
field of inductionB is given by

F =Bil Snd
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Where ‘@’ is the angle of inclination of the conductor withe direction of the magnetic
field.

When the conductor is perpendicular of the magniiid i.e. if #=907, the force becomes
maximum

OF,, = Bil

6. What is the force on a charged particle of chasg “q” moving with a velocity “v’ in a

uniform magnetic field of induction B? When is it kecome maximum?

A. The force experienced by a particle of charge ngaiuniform magnetic field of induction ‘B’

moving with a constant velocity ‘v’ making an angé# with the direction of the field is given
by
F =quBsind=q\xB)
The force is perpendicular to the plane contair8ignd ‘v'.
The force will be maximum wheé =90

.e. F

maximum

=qvB

7. Distinguish between ammeter and voltmeter.
A. Ammeter Voltmeter

1) A small resistance connected in parallel to 1) high resistance connected in series to a

a galvanometer constitutes ammeter. galvater constitutes voltmeter.
2) It measures current in amperes. 2) It messupotential deference in volts.

3) Ammeter is always connected in series in  3)ltrWeter is always connected in parallel in

electric circuits. electric circuits.

4) Ammeter has low resistance. 4) Voltmetes high resistance.

8. What is the principle of moving coil galvanomete?

A.  When a current carrying coll is placed in a magnigid, it experiences a torque.
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9. What is the smallest value of current that can & measured with a moving coll

galvanometer?

A. The smallest current that can be measured witlovang coil galvanometer iso° amp.

10. How do you convert a moving coil galvanometenio an ammeter?
A. A galvanometer can be converted into an ammetecphyecting a low resistance called shunt

(S) in parallel to the galvanometer.

Shunt resistance, :il .Where n is the range of the ammeter.
n_

11. How do you convert a moving coil galvanometenio a voltmeter?

A. A galvanometer can be converted into a voltmeterdnnecting a high resistance in series with

the galvanometeBeries resistance= R; (n-1). Where n is the range of the voltmeter.

12. What is the relation between the permittivity ¢ free spacel,, permeability of free space
u,and the speed of light in vacuum?

1
o Uy

A. The velocity of light in vacuun€ =

Here u, = permeability of free space4mx10” Hm™

0, = permittivity of free space = 8.854 xd@ C2/Nm?2-

13. A current carrying circular loop lies on a smoth horizontal plane. Can a uniform

magnetic field be set up in such a manner that thieop turns about the vertical axis?

No. A uniform magnetic field cannot be set up iclsa manner that the loop turns about the
vertical axis. The torque acting on the loop isegiby,

T =MxB=I (TAXE)

Since the area vector is along the vertical, thgu® on the loop becomes zero.
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A current carrying circular loop is placed in auniform external magnetic field. If the

loop is free to turn, what is its orientation whenit achieves stable equilibrium?

In the stable equilibrium state, the current cagygircular loop will orient itself such tha

is perpendicular to the plane of the loop. In thisifpms the torque on the loop becomes zero.

A wire loop of irregular shape carrying currentis placed in an external magnetic field.
If the wire is flexible, what shape will the loop bange to? Why?
The loop will take the circular shape with its mamormal to the field in order to minimize

the magnetic flux through it. More over for a giyegrimeter a circle has minimum area.

Short Answer Questions

State and explain Biot — Savart law.

Biot - Savart Law:

Biot - Savart Law gives the magnetic field indoatiat any point around the current carrying
conductor of any shape.

Explanation:

Consider a conductor ‘QR’ through which a currgnis passing. The magnetic induction
(dB) at any point due to a small element is

1) Directly proportional to the current (i) passithrough the conductor.

2) Length of the small element)d
By

3) Sine of the angle between the element anditieejdining small

S

element and the poinsing) and W

4) Inversely proportional to the square of theatise ¢*) between ]

the small element and the point. o

i i i i Eiot - W
idl SZII‘IHZ>d :&|d| s;ne iot - Savert |
r amr r

dB [

Vectorially, dB = ﬂw
am r
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This is known as Biot —Savart law.

State and explain Ampere’s law?
Statement:

The line integral ofB.di taken over the entire closed path of inductioa iven perpendicular

plane is equal tg, times the total current enclosed in the closed.pat
gﬁﬁa = 44,

Explanation:

Imagine a long straight current carrying condu@orerging out of and perpendicular to the

plane of the paper. The magnetic lines are in thenfof concentric circles centered on the
wire.
Consider some closed paths around the conductsitagn. Path 1 is circular and path 2 and 3

are of general shapel ¢ an elementary path on the path 1 of radiud.&t.l be the current.

OBd =Bd co®="e rde
21T

SinceB andd are parallel, |

B =R 4o
211

D@E@:g&é@ld@:‘;gﬁd%w

O¢BL =p,l.
Similarly for other paths,

__uol
o =B 0,

w|

Emi:‘;iew and so on
Tt

— [ ol
OB = “ZH (8,6 +0cp +....) =“2—n(2n)

OB =y,

This is known as Ampere’s circuital law.
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Find the magnetic induction due to a long currencarrying conductor?
Consider a long and straight current carrying cetwiu Let | be the current in the conductor.
Let P be a point at a distance ‘S’ from the conducthe position vector of P from the element

d* of the conductor is.

The field due tadl* is given by

Hol r I d* sina I
- - p‘o 2' - p‘o > dll CO%
4 r 4 r 4 r

dB =

But s=r cos9 and I*=s Tan®

Od*=ssec¢0dd = sd®
cos 6
Oag=te @de
4n S

Integrating between the Iimits—,%to % B= STE'S[

Derive an expression for the magnetic inductiorat the centre of a current carrying

circular coil using Biot-Savart law?
Consider a circular loop with centre ‘O’ and radidsLet ‘i’ be the current through the loop

.The magnetic field induction at the centre of lib@p due to the small elemernitid given by

dB:&IdI 32|n6?
4 v

Here 6=90° = sin90 = :

AL

4rrr?
[0 The magnetic field induction due to the total clacdoop is given by

foB= jﬁ’;'rﬂ 8= [d

arr? d
. . . i
:>B:'U—OI2(27N):>B:& I
4

2r

Honi
2r

If the coil has ‘n’ turns, the® =

The magnetic induction is perpendicular to thenelaf the coil along its axis.
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5. Derive an expression for the magnetic inductioat a point on the axis of current carrying
circular coil using Biot-Savart law?

A. Derivation:
Let a coil of radius ‘R’ having 'n’ turns carries@arent ‘I’ in the XZ plane. Let P be a point on

the axis of coll at a distance 'x' from the cei@ref the coil. Consider a conducting element of

dl the loop. From Biot - savert law the magnetic irtthrc due to di is given by,

dE:ﬁ'HXF‘
4 rd

Any element of the loop is perpendicular to theipon vector from the element to the axial
point. Hench_IXF‘:rdl andr?=(x*+R?).

Y

a1 1 aB,
R pe
f - OG> X
dl

/

/
z
_u, ldi
0 dB_4_TOE(XTRZ)

As for every current element there is a symmdtyictuated opposite element, the component of

the field perpendicular to the X-axis cancel eatiter while along the axis add up.Net induction

along X-axis.
dBx =dBcosd
But, COS@ZL}/
(X2+R2) 2
5 dBX:uoldl R

At (X2+R2)3/2

The total magnetic induction due to the cail£2zRn),

www.sakshieducation.com



www.sakshieducation.com

LonIR?

At the centre of the coil i.e. at x = B= “202

6. Obtain an expression for the magnetic dipole moent of a current loop?
A. The magnetic induction on the axial line of ecalar current carrying loop at a distance 'x’ from

its centre is,

_ KR
2(R2+X2)3/2

If x >>> R the intensity of magnetic inductibald on axis of coil is

2
B= ”;'F; , multiplying both numerator & denominator by
X

B:,LJOIZHRZZ(&jZI (mz):&(@
a4 air x3 47\ X3

j (- A= 7IR?)
Comparing the above equation with intensity ofgnetic induction field on axis of a short
2M

bar magnetB :%(—J the magnetic moment of current carrying coil is=NA.
JT\ X

7. Derive an expression for the magnetic dipole meent of a revolving electron?

A. Consider an electron revolving in a circular orbit radius r with a speed ‘v’ and
frequency. Consider a point P on the circle. The electrarsses the point once in every
revolution. In one revolution, the electron travdistancesr . The number of revolutions

made by electron in one second is,

2

Electric currentl =eu = (ﬂj

27

This produces magnetic field and taking the oobithe electron as circular Ioo@A: mz},

its magnetic dipole moment is,
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Multiplying and dividing with mass of the electron,, 4 =ﬁ(mevr)=il

Where I’ is the angular momentum of the electron

Vectorially 4 =— - i
Y=g

The negative sign indicates that the angular moumerof the electron is is opposite to the
direction of magnetic moment.

From Bohr’s postulate, angular momentum of theteba, | =2—h, Where nis an integer.
T
19 4
4= nhe or (1) = he _1.6x107x 6.6¢ 1(13 — 02202 A
4rrm, Min - Arrm, 4x3.14x 9.% 10

This value is called Bohr magneton.

Explain how crossed E and B fields serve as alweity selector.

Consider a charged particle ‘q" moving with velgcitv’ in presence of both electric and
magnetic fields. It experiences a force is given by

F :q(E+\_/x§): Fe+Fs

The electric and magnetic fields are perpendicidagach other and also perpendicular to the
velocity of the particle as shown in the figure.

—_ o — O — O
Hence E=Ej;B=Bk and v=vi

—_ a]
Fe=qE=0qE]

— - — O O O
Fs :q(va):q(vikaj:—quj
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— 0

OF =q(E-vB)
Thus, electric and magnetic forces are in oppabreetions as shown in figure.

The values of E and B are adjusted such that matgs of the two forces are equal. Then,

total force on the charge is zero and the chargleneive in the fields un-deflected.

This happens when,
ge=qvB Or v=%

Hence the crossed E and B fields serve as a wekeector.

9. What are the basic components of a cyclotron? Niéon its uses?

A. Cyclotron:

Cyclotron is a device used to accelerates poyjtisiearged particles (lika-particles, deuterons

etc.) to acquire enough energy to carry out nuclesintigration etc.

E o = qB" r’
max 2m

Principle:

It is based on the fact that the electric fieldederates a charged particle and the magnetic field
keeps it revolving in circular orbits of constaréduency.

Description:

It consists of two hollovD-shaped metallic chambes; andD» called Dees. The two Dees

are placed horizontally with a small gap separattegn. The Dees are connected to the source

of high frequency electric field. The Dees are esetl in a metal box containing a gas at a low

pressure of the order of 1® mm mercury. The whole apparatus is placed betvieertwo

poles of a strong electromagné$. The magnetic field acts perpendicular to the @lahthe

Dees.
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If T =time period of oscillating electric field thehge cyclotron frequency

2) Maximum Energy of Particle: Maximum energy gained by the charged particle

2p2
E o :(qZB jrz whererg = maximum radius of the circular path followed thg positive ion.
m

Uses:

Cyclotron is used

1) Tobombard nuclei with energetic particles and stumyresulting nuclear reactions.

2) To implant ions into solids and modify theipperties or even synthesise new materials.

3) In hospitals to produce radioactive substamd@sh can be used in diagnosis and treatment.
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Long Answer Questions

Deduce an expression for the force on a curremrrying conductor placed in a magnetic
field. Derive an expression for the force per unittength between two parallel current
carrying conductors.

Force on a current carrying conductor:

Consider a conductor carrying a current ' i ' imagnetic fieldB. Consider a small element dl

of the wire. The free electron drift with a speggopposite to the direction of the current. The

relation for current is given by

O V,——— i O

"\

i =]JA =nev,A

Where A is the area of cross-section of the wir@ i is the number of free electron is per unit

volume. Each electron experiences an average madoete
f=-ev,xB

The number of free electrons in the small elencensidered is nAld Thus the magnetic force
on the wire of length dl is

dF=(nAd)(-e7,x B Or dF=nAey, dxE
OdF=idixB
For a straight wire of lengthcarrying a current ' i ' in a magnetic fieldthe force is given by

= :ier:i(I_XE) Or F=ilBsin

www.sakshieducation.com



www.sakshieducation.com

Force between two parallel current carrying condutors:

Consider two very long parallel conductors X andcafrying currents4i and b in same

direction as shown in the figure. Let 'r' be thpasation between the conductors in the plane of

the paper.
The magnitude of magnetic Induction field at amynp P on the conductor Y due to current i
in conductor X isg, = el

21mr

From right hand grip rule the direction okBs perpendicular to the plane of the paper and is

directed inwards

Ak -5
—r —»
P
£
1y
- -!I.-
1%

Now imagine the conductor Y carrying curremtn this magnetic induction fieldyg.

Force for length of conductor Y is given b¥, = B,i,Isind=B,i) (. 6=9C)

Now F :@'ﬂ—zl
2t r

Force per unit length £o iy
2 r

According to Fleming's left hand rule, the forc§a Will be in the plane of the paper and it is
directed towards the conductor X. Similarly theceon conductor X for lengths given by

szblll_z
2t r

This force will be in the plane of the paper asdlirected towards conductor Y. Hence the two
conductors attract each other and the force dcittm per unit length would be
F:ﬁ L

2t r
www.sakshieducation.com



www.sakshieducation.com

Thus if current through two parallel conductors erthe same direction they attract each other,
if the currents are in opposite directions the cmbors repel each other.

Obtain an expression for the torque on a currentoop placed in a uniform magnetic field.

Describe the construction and working of a moving @il galvanometer?
Torque on a current loop in a magnetic field:

Consider a rectangular current carrying coil sandpé in uniform magnetic field of induction
B. Let ‘I" be the length and ‘b’ is the breadth of the c@\. is the area of cross — section and

‘N’ be the number of turns of the coil. Let ‘I’ lke current passing through the coil.
According to Fleming’s left hand rule, the arms @&l PS of the coil experience a force

F =B 1 N each. These two equal, opposite, parallel amo-ncollinear forces forms a couple.
Hence the torque on the coll is given by

Torquer = F x perpendicular distance. = (BNl) (b) = BIAnN
If * 8’ is the angle made by the normal to the planénefdoil with magnetic field, then

Torque on the coilr = BIAN sing

In vectorial form,r = NI (Kx E)

9

™
b Al o

Moving Coil Galvanometer:
Principle:

When a rectangular current carrying coil is sugigenin uniform magnetic field, it experiences
a torque.
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Construction:

It consists of a permanent horse-shoe magnet\{ii§)concave shaped magnetic poles. These
poles produce radial magnetic field. A rectanguelail of ‘N’ turns of thin insulated copper
wire is suspended between the poles of the magmatlindrical soft iron core is placed inside
the coil without touching it. The coil is suspendgdmeans of a fine phosphor bronze wire (P)

from a torsion head (. Phosphor bronze wire has low rigidity modulusl dmgh Young's

modulus. Hence it can easily be twisted and cabeoglongated. Lower end of the coil is

connected to a binding screwy)ithrough a phosphor bronze spring (G).

A small circular plane mirror (M) is attached ttee suspension wire. It is used to find the
deflection in the coil with the help of lamp andkcarrangement.

Working:

Let ‘I' be the current through the coill.

Deflecting torque on the coil =B |1 A N.

Let k be the restoring torque per unit twist.

Restoring torque =&

In equilibrium position, deflecting couple= restay couple

k
Or BIAn= Orl| =|—
ko (BAnjqo

Hence the current through the galvanometer is@tmmal to the deflection in the coil.
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How can a galvanometer be converted to an amme®eWhy is the parallel resistance
smaller that the galvanometer resistance?
Conversion of Galvanometer into an Ammeter:

A galvanometer can be converted into an ammeteohyecting a suitable small resistance in

parallel called shunt resistance. Ammeter is usednieasuring the current in an electric

circuit.

Let ‘R,’ be the resistance of the galvanometer agtbe the shunt resistancéet ‘R’ be the

effective resistance. Then,

_ R o i
R—RG—+SAnd V=i R, =ifs =iR

I's

Conversion of galvanometer into ammeter

: . : ir
Expression for iy: =—>=
P ¢ TR
Expression for i s = dis
Re +1s
: i, R
Expression for shunt: rg =-2—
=1
9
Orrg :il Wheren=- is called the range of the ammeter.
n- |
g

Necessity of Small Parallel Resistance:
The current or total resistance of circuit shontit change due to the presence of ammeter.
Therefore the ammeter should have very low resistalfi the parallel resistance is smaller than

the galvanometer, more current flows through thenshHence the galvanometer can be

protected from high currents.
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4. How can a galvanometer be converted to a voltmest? Why the series resistance is is
greater than the galvanometer resistance?
A. Conversion of Galvanometer into Voltmeter:

Voltmeter is used to measure the potential diffeeebetween any two points in a circuit. A
galvanometer can be converted into voltmeter byneoting a suitable high resistance in series
with it.

Let ‘R,’ be the resistance of the galvanometer and ‘theeparallel resistancd.et ‘R’ be the

effective resistance. R=r +R;

S
|

CiiiWer-ibod ol Cal vabdined o
LaEs Vol bt o

Then from the figure, the potential differencéviEen A and B is given by,
V=i [r+R;] Or r =Ry(n-1)

Wheren:_L is called the range of the voltmeter.
i
9

Necessity of High Series Resistance:

Voltmeter has to draw a negligible amount of catfeom the main current. Therefore it should

have very high resistance. Thus, series resistargreater than galvanometer resistance.

5. Derive an expression for the force acting betwadwo very long parallel current carrying

conductors and hence the define ampere?

A. Derivation:

Consider two infinitely long parallel conductorsaXd Y carrying currentsjiand b in same

direction as shown in the figure. Let 'r' be thpasation between the conductors in the plane of

the paper.
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The magnitude of magnetic Induction field at amynp P on the conductor Y due to current i

in conductor X ise, =l
2mr

The direction of E is perpendicular to the plane of the paper amirested inwards

F ¥ AL
—r —»
P
£
1y
- -!I.-
1%

Now imagine the conductor Y carrying curremtn this magnetic induction field g

Force for length of conductor Y is given b¥, = B,i,Isind=B,iJ (. 0=90)

Now F :@'ﬂ—zl
2t r

Force per unit length £o il
2 r

According to Fleming's left hand rule, the forc)e Will be in the plane of the paper and it is

directed towards the conductor X . Similarly theceoon conductor X for lengths given by

szblll_z
2t r

This force will be in the plane of the paper asdlirected towards conductor Y. Hence the two

conductors attract each other and the force daitm per unit length would be

F:b h
2t r

Thus if current through two parallel conductors i@rthe same direction they attract each other;

if the currents are in opposite directions the cmbors repel each other.
Definition of Ampere:

If i, =i,=1A

r=1m, p, = 4nx10"H/m

ThenF=2x10" N/m,
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Ampere is that current which when flowing througdrch of two parallel conductors of infinite

length and placed in free space (or vacuum) atseartte of one metre from each other

produces between them a force of 2 x ABewton per meter length of each conductor.

PROBLEMS

A current of 10 A passes through two very long ires held parallel to each other and

separated by a distance of 1 m. What is the forgeer unit length between them?

- . 7
i, =i,=10A;d=1m;F = ?I—F:%ﬁ: 2x10 xl 10x10_ 55105 N /m
T r

A moving coil galvanometer can measure a currendf 10° A .What is resistance of the

shunt required to measure 1 A?
I=1A;i,=10°A; G = 1 ohm.

_ Gxiy _ 1x10°
“(i-i,) (=107

=10° ohnr

A circular wire loop of radius 30 cm carries a arrent of 3.5A. Find the magnetic field at a

point on its axis 40 cm away from the centre?
n=1;i=3.5A ; Y, = 4mx 10" HM"
x=40cm= 40x 10 n

Wohir?

B= 2([‘2 - X2)3/2

7 2
4mx107 x 3.5¢( 30¢ 1C) ]
0B= =15.84x< 10" T

2x[(30x 102)2 +( 40% 102)13/2

A circular coil of wire consisting of 100 turnseach of radius 8.0 cm carries a current of
0.40 A. What is the magnitude of the magnetic fidIB at the centre of the coil?

N =100y = &m= 0.8n | = 0.4
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5= UNI_ 4rx107 x 100¢ 0.4(
2r 2% 0.08

0 =3.1x10°T

A long straight wire carries a current of 35 A.What is the magnitude of the field B at a
point 20 cm from the wire?

| =35A, r = 20cm= 0.20n
U=4mrx10°T mA™

:
p=tol _Amx107 %35 5o 1057
27 27rx 0.20

A long straight wire in the horizontal plane caries a current of 50 A in the north to
south direction. Give the magnitude and direction bB at a point 2.5 m east of the wire?

| =50A,r =2.5n

7
g= bl JA7x10°x50_, 1 5e1 . (Vertically upwards)
2 2irx 2.5

A horizontal over head power line carries a curent of 90 A in east to west direction.

What is the magnitude and direction of the magnetidield due to the current 1.5 m
below the line?

| =90A,r =1.5m u= 4rx 10TmA™

7
g=tbl _ 410790, 5 1557 (Towards south)
om 271x15

What is the magnitude of magnetic force per unitength on a wire carrying a current of
8 A and making an angle of 30° with the direction ba uniform magnetic field of 0.15T ?
| =8A,6=30° B= 0.1

As F =1IBsing

Force per unit length,

=— = |Bsind =8% 0.15x sin30= 0.6im™

F
|
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A 3.0 cm wire carrying a current of 10 A is plaed inside a solenoid perpendicular to its
axis. The magnetic field inside the solenoid is\@n to be 0.27T. What is the magnetic

force on the wire?

[ =3.0cm=0.03n,l = 1A

T
t \/ 8

F =1IBsind=10x 0.0% 0.2% sin®(=8.1x10°N

6=90°,B=0.27T

Two long and parallel straight wires A and B caying currents of 8.0 A and 5.0 A in the
same direction are separated by a distance of 4.0nc Estimate the force on a 10 cm

section of wire A?

Force per unit length of each wire is

F= Mol ol — 4rx107 % 8>2< 5=2x10—4Nm—1
2m 2mx 4x 10

Force on 10 cm section of wire A&, =2x10*x 10x 10 = X% 10N

A closely wound solenoid 80 cm long has 5 lageof windings of 400 turns each. The

diameter of the solenoid is 1.8 cm. If the currentcarried is 8.0 A, estimate the

magnitude of inside the solenoid near its centre?

Number of turns per unit length of the solenoid is

A Number of turns per layer x Number of layers _ 400x 5 2500
Length of solenoid 0.80

Magnetic field inside the solenoid is

B=y4nl =47x107 x 2500« 8 &x 10T =2.5x10°T
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12. A square coil of side 10 cm consists of 20 tigrand carries a current of 12 A. The coll is
suspended vertically and the normal to the plane athe coil and makes an angle of 30°
with the direction of a uniform horizontal magnetic field of magnitude 0.80 T. What is the

magnitude of torque experience by the coil?
A. A=0.10mx 0.10n= 0.0d* N = 2

| =12A,6=3C ,B= 0.87

Torgue on the coil

7 = NIBAsiné

=20x12x 0.80¢< 0.0¢ sin30= 0.9

13. Two moving coil meters have the following partuulars:
R =10Q,N,=30A, = 3.6 10m? B,= 0.26 R,=10Q,N,=42A,= 1.& 10m? B,= 0.5D
The spring constants are identical for the two metrs. Determine the ratio of
(i) Current sensitivity and (ii) Voltage Sensitivty of M, and M.

Current Sensitivity

a _NBA

I k

Current sensitivity of M, _ N,B,A,/k _ N,B,A, 42x0.50x 1.& 10 _

=14
Current sensitivity of M, N,BA/k NBA 30x0.25¢< 3.6« 10

Voltage sensitivity® = & =22
g y\% IR KR

Voltage sensitivity of M, NBA/kR, NBA R, 5 14
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14. In a chamber, a uniform magnetic field of 6.5 G(1(3 =1U“T) is maintained. An electron

is shot into the field with a speed o#.8x 1¢ ms™ normal to the field. Explain why the
path of the electron is a circle. Determine the mius of the circular orbit. Given that
(e=1.6x10"C, m =9.1x 10% kg .)

A.  The perpendicular magnetic field exerts a favoethe electron perpendicular to its path and
makes it move along a circular path.

O Magnetic force on the electron = Centripetal force

2

evBsin9p = T Oor r="
r eB

Now B=6.5Gx 10°T ,v= 4.& 10ms™

P = 4.8x10%x 4.8 10

= =4.2x10°m= 4.Zm
1.6x10¥x 6.5 10°

www.sakshieducation.com



