Chapter - 7
Magnetic Effects of Electric Current

Even before 2000 years, people knew about
electricity and magnetism, but as two separate subjects.
In 1820 a Damish scientist Orested found a close relation
between electricity and magnetism. Ampere and Farady
found that a moving charge produced magnetic field and
amoving magnet produced electric current. Later the
Scotish physicist Maxwell and Lorentz from Holland,
showed that both elecricity and magnetism depend on
each other. From this, a new field of study as
electromagnetism came into existance.

The modern technology is based on science of
electricity and magnetism. Theimportant devices for our
commonuse, suchas electric power, telecommunication,
radio, television, mobile etc, are based onit.

In this chapter, we will study the magnetic field
produced by current carrying conductor which is also
called as magnetic effect of electric current. We will study,
the torce on a moving charge in a magnetic field,
cyclotron and galvanometer etc.

7.1 Orested's Experiments

To study the magnetic field produced by a current
carrying wire, Orested pertormed an experiment whose
arrangement s shown in the diagram (7.1). Init a
conducting wire AB is connected to akey and a battery
with rehostate. Amagnetic needleis placed under the wire
and parallel toit, in north-south direction.
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Fig 7.1 Orested's experiment
Orested found from his experiments that -

() When there 1s no current in wire, the magnetic
compass needle remain parallel to wire, but as
soon as the key is pressed to pass the current, the

needle gets deflected.

(i) The detlection is increased by increasing the
current or by bringing the needle closeto the wire.

(i)  Ifthe currentinthe wireisreversed, the deflection
1s also reversed, to its previous direction.

Similarly, ifthe compass needle iskept above the
wire and the experiment isrepeated, the deflection will be
opposite to the previous one. Sincethe magnetic needle
is deflected only by external magnetic field, it is clear
from Orested's experiment that -

Due to currentina conductor ormoving charges, a
magnetic field isdeveloped aroundit, it1s called magnetic
effect ofelectric current.

7.1.1 Conculsion from Orested's Experiment

The following conculsions are drawn from Orested
experiment -

(1) A magneticfield is developed across a conductor
dueto electriccurrentinit.

(i)  Themagnitude of magnetic field increases with
increasein current.

(i) Magnitude of magnetic field depends onthe
relative distance from the conductor, it decreases
with increase in distance.

(iv) IfthecurrentisinSto N direction, the north pole
of the magnetic needle placed under the wire
deflects towards west directions.

(v) Ifthecurrent in conductorisin Nto S, the
deflection will be towards east.

(vi) Thedirectionof magnetic field, above and below
the conductor arein opposite direction.

In next discussion we will define magnetic tield. It
may be a function of space and time.

7.2 Magnetic Field

Inchapter 1, we have defined electric tield, as the
force on a unit positive test charge at that point,
FE=I/g. Hadthe magnetic mono pole existed, we could
have defined magnetic field as simply as above. But
since magnetic monopole does not exist, we use another
method to define magnetic field. Fromexperiments it is



known that a charge at rest in magnetic field does not
experience a force. Alsoifthe test charge moves parallel
or antiparallel to magnetic field, the forceis zero. Inthe
absence of electric field, (neglecting gravitational field), if
a moving charge experiences a force in the direction
perpendicular to velocity then there must exist amagnetic
field B. Itisa vector quantity.

The defenition of magnetic field or magnetic
induction B, canbe given by the torce experienced by a
moving charge. Ifa charge qis moving witha velocity
atan angle & with 7 , the force onthe charge is given
by -

F =gq(¥xB) (7]

I =qvBsin6a

here &1s the angle between gand ¥ and 7 isa
unit vector in the direction of force f° , whichis
perpendicular toboth g and .

The magnitude offorceis | £ |= gvBsiné -

It ¢ =90°
gv
inequation(7.2),itq=1C and v=1m/s

I =gvBor B = ..(7.2)

then B=F

max "

Hence "the magnetic field at any point isequal to
the max force experienced by a unit charge moving
perpendicular to magnetic field withumnit velocity”.

Magnetic field is a vector quantity, its S.1. unit is
weber-m” whichis also called Tesla T.
1Weber 1IN

w

1Tesla =

Axm

In CGS system the unit of B is Maxwell/cm? or
(Gauss. Relation between the two unitsis 1 T=10*G
The dimensional formulaforBis = A7'2'1 7 A7

The magnetic field B1s also known as intensity of
magnetic field, magnetic flux density and magnetic
nduction.

Stationary charge produce only electric field where
as amoving charge also produce magnetic field along
with electric tield.

Just as electric tield, the magnetic field also obey
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law of super position.
7.3 Biot-Savart's Law

The French physicsts Biot and Savart proposed a
law about the magnetic tield produced by current, on
experimental basis, which is known by their name.
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Fig 7.2 Biot-Savart law

The magnetic field dR due to a small length
elementd ¢ ofa conductor XY havinga current I ata
distance ;¢ from d ¢, (showninfig 7.2) invacuumas -

(i) dBisdirectlyproportionto/.| 4B o T
(11) Proportional to lengthelements & £
|dB x| d 1|
(111) ,d!_)’» 1s proportional to sine of the angle
betweend ¢ and r .
| dB |oc sin

(iv) dBis inversely proportional to the square of
the distance of the point P from &/ .

1

e

|dR | o

So combining all above relations we get

. T|di |si
| dB| PRACALLL _Lsm ¢ . (73)
ap= 2o LG g
4 "
Hy . T
Here . = isaproportionality constant. Its value



T

forvacuumis 10" N/A itsunit 1s

Wb T xm

Axmor A

4, 1s called magnetic permeability of free space
(vacuum).

Itthe conductor is surrounded by another medium,
then

pu T|dl |sm19
A
magnetic permeability of that medium.

|dB |— where g = g, 15 the

! ) .. :
o= £ _ relative permeability of that medmim.
)u(’_l

The Biot-Savart lawin vectornotation is

_ dl
i = Ho pAxF (7.6)
dx r
: di %7
or dB:% I% (7T

-

Fromequation(7.0)itis clear that the direction of

dR s always perpendicular to the plane of /¢ and #
according to right hand screw rule. Inthe tig 7.2 the
direction of B at P, is perpendicular to the page and
downwards shownby & . At P'itis perpendicularto the
page but upwards as shownby ©.

Different Positions
I P
¥ ' a—
d A
0
L1 e
I R / JIL
180° : 6=00

(A) )
Fig 7.3 dB for (A) 8 =0°, 180°(B) g = 90°
(1) It the Pand P' are situated on the line of the

current, then #=0%and 180" respectively.
sinf =sin0 =sin180° =0

hence | 4B |= 0 .. (7.8)

(ii) Ifthe required point P is normalto ¢ , asin
[fig 7.3(B)], then & =90°, and sin 90°= 1.

f L]
| = Hy I|d |sm90
A
1, df
a1 19

Thisisthemax. value,

(11i) The resultant magnetic field due to the whole of
the conductor at a point P for is

Tdl <7

‘é:ﬂz 3

4 ¥

. (7.10)

Comparision of @B due to small current element
Id¢  fromBiot-Savart law equation (7.7), and the dF.
due to a small charge dgby coulomb's

law[df*f = @ﬂ?] i
¥

Inboththecasesthere are two similarlities and two
important difterences. The current 7d# produces
magnetic field where as dey produces electric tield. Both
obey inverse square law. But there is difference in the
direction of the field, due to d the field F is radial,
where as dB isnormal to the plane of 7 and o ¢ .The
second difterence 1s that F can be due to single charge
oracharge distribution whereas the magnetic field is due
to only current.

7.3.1 Direction of Magnetic Field
The direction of 5 canbe given by following rules -

(i) Snow Rule - The direction of dB near a
conductor can be given by the deflection of north pole of
amagnetic needle placed nearit. According to this law-
“Ifthe current in a conductor is form south to north and
wire 1s situated over the compass needle, then the
deflection ofits north pole is towards west” (fig 7.1 B).

(ii) Right Hand Rule - According to thisrule, if
we hold a current carrying conductor by our right hand



as shown intig 7.4 and the direction of thumb indicates
the direction ot /, thenthe currled fingers will give the
direction ot magnetic field arround the conductor.
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~

Fig 7.4 : Right hand thumb rule

(iii) Right hand palm rule for circular current-
According to thisrule, if the direction of currled fingers of
right hand givesthe direction of current, then the direction
ofthe thumb gives the direction of magnettic field (fig
7.5).

B

Fig 7.5 Right hand palm rulc

(iv) Maxwell's Cork Screw Rule-Right
handed screw rule- Ifthe direction of linearmotion ofa
right handed screw gives the direction of current in a
conductor, then the direction of rotation of screw, gives
the magnetic field produced by that current.
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Fig 7.6 Maxwell's screw rule

7.4 Magnetic Field Due to a Long and Straight
Current Carrying Conductor

7.4.1 Magnetic Field of a Straight Current

Carrying Wire of Finite Length

Fig. 7. 7Magnclic ficld duc o long conduclor

Asperthefigure 7.7, astraight, wire XY liesin the
plane of the paper. 1t carries current fromx to y end,
consider apoint P, ata perpendicular distanced fromit.
Themagnetic field due to an arbitrarylength element o ¢
(ab) whose mid pointis O at a. Distance OP =r. From
Biot-Savart's law

dﬁzﬂfdﬁfmé’
4T F

(71

here there are three variables, / rand . We can
change / and r in terms of @, by the geometry in the

figure.
From AOO'P &



7.4.2 Magnetic Field Due to Straight Current

F
: — =cot Z(POO")=cot(180-8)=—cotd
o'rP d

Carrying Conductor of Infinite Length
Since the length of the conductorisinfinite, so the

f=—dcotd - (712)  angles ¢ = ¢, = z/ 2. Using equation(7.17)
£ We get
j@ = —d(—cosec *6) ;
B= ::‘Ld[sin §+ sin%]
dt=dcosec’ @d6 .. A{7.13) i
Againfrom AQO" P ,u(. L) { in” - 1}
cosec(180—-8) = or. =L
00 d 5 Ho I
. or rd ... (7.18)
cosecd =—
d P oo
r#=d cosect - A(7.14)
Substituting in equation 7.13 |
$, = 90°
. 2 . : z //_. P
dB:ﬁf(dcosec 6’d6’25m6‘ 0 7
4 (d cosecB)” A # =90
ap = o 1(d cosec® 8)sin 8d6
47 d’ cosec’ 0 :
g
dB = : 0 y sin@do (7.15) Fig 7.8 Magnetic field due to infinitely long conductor
Special Condition
since the angle g, changes from g to g, for P . . )
conductor XY-so0to obtain the magnetic field due to wire .. (Magnetic field ata distance d fromoneend of the
atP on integrating dB between hmits g tog, finite conductor.
Y
! ! A
=l I n6do = “L[-cosb];
Y YR drxd A L
B=th ! [cos 6 —cosd,] - 1“
T ard 1 2 .. (7.16)
Againfrom geometry ofthe fig 7.7, 8 = 90°— ¢ X P
(.6, +¢ =90°) . . d ) .
g, = 4, +90° Fig 7.9 Halfinfinite wire
Substituting € and &, inequation7.16. _ fo ; (sinO+sin g,)
md
au] 1 o o
= 22" [cos(90° — ¢ ) — cos(90° + 4,)]
d B:—'H‘]! Singef: 719
JI A . 4 d ’ - (7.19)
Sliingesing] o
Here ¢, and ¢, angles subtended by ends x and y Fromfig7.9 sing. = 70 1 Jd°

at PwithQ'P
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i I

B= —_—
Fromfjl.g?.9 ‘ ard m ‘ (7.20)
(ii) Magnetic field at a perpendicular distance
from one end of the infinite wire.

T
Forthis condition®, = B and ¢ = 0°;hencetrom
eqn. (7.17)

=" GnorsinZ
dxd 2

_ Ml

S ard . (7.21)

(111) Magnetic field due to a conductor of finite
length when the point P 1s situated at a perpnedicular

distance d fromits mid point-here ¢ =@, = ¢
]
o 3 =
14
X

Fig 7.10 Wire of tinite length
Fromeqn. (7.17)

= g(singé +sin @)

B= ’”0 = (2sing)

I .
= ’L—]dsmaﬁ .. (7.22)

27

(iv) At the axial position of point P; ¢ = 0 hence
B=0.

Example 7.1 : Find themagnetic field at the center

O of squareABCD of aside a, which carries a current |
A‘ B - T C

457 4%

Solution :
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The ends of each side makes an angle 45 at the
center. Hence magnitude of magnetic field issameforall
sides, from right hand palm rule the directionis also
same, and downwards, hence B, = B, = B, = B, and.
Total magnetic field at the center wll] bedtimes B

J75% BN )
B=——{(sing +sing,
i (sin g, +sing)

Ry — L

here, B, = B, —
T : 4z(al2)

(sin 43°+ s 45°)

e kAR er)
82 %107 T

¢}

|B|= Tesla

Example 7.2 : Find the net magnetic field at point
P due to two perpendicular current carriers, in two
situations givenin fig(A)and fig (B).

Solution :

Wire(l)
wire2) 3.9 p
A VAo
AN 1
Wirk
e () Iaa P Wirg (1) —»
Fig. (A) Fig. (B)

Infig(A), themagnetic fieldduetol is B, = Al

2ra

The direction of B, is perpendicular to page and
downwards. The magnetic field due to I, at P is

B,):ﬂo‘rz

; again the direction of B, is same as that of
2ra ‘

B, according torighthand rule. Hence the net field at Pis
. £ . . .
|B|=B +B, = i(!] +4,) the direction is to page
2T a

downwards.

Againfor fig (B) the magneticfield at P, dueto I is

7 o i .
B = % the direction of B, is perpendicular to page
Ta



upwards.

Mo 1,
2ra
direction of B, 1s perpendicular to the page downwards.

The magneticfield at P, duetol,is B, = the

hence the net magneticfield at P is

B:Bl—32
|B|: BI_B" :i(fl_fz)
T 2ra

Example 7.3 : Show the direction of magnetic
fields at point P, as @and ©.

o P
(B)

Solution : Infig. (A) the direction of 5 will be

downwards and given as @ . Infig (B) the direction of

R atPisupwards, and givenas ©.

7.5 Magnetic Field Due to a Current Carrying

Circular Coil

7.5.1 Magnetic Field at the Centre of Coil

To find the magnetic field at the center of a coil of
radius R, havinga current I, we consider the contribution
of smalllenght element &£ atcenter O,

Fig 7.11 Magnetic ficld at center of a coil
o ¢ isat adistanceR from the center.

(i1) 57 is perpnediculartoR;i.e 8 = 7/2.
hence from Biot and Savart's law

_ M, {6fsind

oh..
4z F-
16f .
_ M " sin E] ¥ =Rand =2
ar R\ 2 2
_ 168 723
=t ... (7.23)
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Since allthe length elements contribute in the same
direction. The net magnetic field is sumofall contributions

_ M

e = ~.0¢ (7
L Axi (7.24)
Bon= Pl orpy
TR
s w2 (7.25)
Talre 21{ 4 !{ . .
Ifthe coilshas N turns, the magnetic field at center1s
_ M N
Bow= =7 ... (7.26)
Dependance of B onradius of the coil.
1 t
B.;._,J, B-:-.m
Radius of coil /R —»
R —>»

Fig 7.12 Dependance of magnetic tield on radius of coil

Asitis evident from equation (7.26), hence the
graphbetween B and R 1s hyperbolic, and between B and
/R it 1sstraight line, as showninfig 7.12.

Special : We can tind B at the center of coil by

another method. Let the angle subtended by 8¢ at
center be da, then

Sor = € ot of y .
* radiusR R Orof= Roa
using this relation m equation (7.24) we get
_ T _ M7
dx I 2R

since Y 54 =RY.0a = R(2x) forwholeloop.

Magpnetic field at center due to one fourth of coil
willbeand

> /=Y Réa = in(zz): Rx%

#I) ]
2R

2 . (7.27)



c‘?{'/ Eﬁ. .2. -
\ o =1/4(27)

Fig 7.13 : Magnctic ficld duc to a scgment at centre

7.5.2 Magnetic Field Due to a Circular Current
Carrying Coil at an Axial Point

A coil of radius R with a current Tis considered in
Y - Z plane with center at origin O. Consider apoint P on
the axis ot'the coil (as X-axis). Consider a small length
element LA/—- g7 .

|6B| Cosat _,
4 B

Fmdxis

Fig 7.14 Magnetic field due to circular current
at axial point
The distance of § ¢ from Pisrand angle between
54 and 7is90"(i.e. 90%) . From Biot and Savart's law
the magnetic field at point P due to the above length
element §/ is

6}?:“—')]6%XF
L A
|6B| ﬁ]ér’sm%o

47 re
(s8¢ x7|=8¢5in6 and B=90°)

g 1&f

| 6)?_? |: 5
4 F-

. (7.28)

The direction of 8 will be always perpendicular to
the plane of 7 and § ¢ , according to right hand rule, as
shown by PO . Similarly the contribution due to
diametrically opposite length element L'M'= 5 ¢ will be -

, 1 8f

168" |= —ﬂ7 and the direction will be the

direction of P !. As shown in the diagram. Now

resolving, both 88PQ into components, as parallel and
perpendicular components, g§g.and B we see that
cosine components being equal and opposite cancels
each other, and the sine component, due to whole of coil
contribute to the magnetic field at axial point P. Hence

B= Z|63|sm0( ZM') smct

“’(l I Z

[ ] From the diagram for

o R
whole coil sino=—)
F

(- > 84= circumfrence of the coil =271R

_ﬁf(ZTﬁRE)
dn  F
, 1R’
gt 1CTR) 1) L (731)
4n r
from pythogorous theorem
=R 4x°
L
F=F +x7)?
= (R XY .. (7.32)

By putting valueorrineqn. (7.31)and eqn. (7.32)
_n 2 (rR*)

an (R - (7:33)
If'the coil has N number of turns
My 2/ (NTR)
w, NIR®
or .. (7.35)

= Z(RE +x2)3:‘3

Invector notation



W NIR
L2+ xT)

Due to the direction of current shownin the figure,
the direction of B will bein positivex direction.

(7.36)

Special Conditions-
(i) Magnetic field at the center of the coil

Inthis case x = 0 ; hence B will be maximum

NI
T AR 0)?
_ Mg NT _ A
B.i.ﬂ“ - T - anxi mim P (? 3 7)

(Itis same as obtained earlier)

(1) If the point P 1s at a large distance compared to
R,ie x>>R,

hence gr° isnegligible
Fant
 uNTR*  uyNIR?

= T (73
20+ x?)2 25" (7.38)

(1) Ifthe pomt Pisatx=R/2

Lo N 1 R?

e T

o NTR?  pyNIR®

2 372 2 32
2| g2 & 5| K
4 4

4 pg NI
B pi= 5 R ... (7.39)

Comparing withmagnetic field at center we get

x=Ri2 ~

8
—~_B..
55

The Variation of B with Distance on Axis

N~
X:

|
|
|
|
X R 0
2

Fig 7.15 Variation B duc to axial distance

The variation of B with distance is given by
equation (7.36) and x is shown by figure (7.15). Itis
evident from the figure that B is maximum at center. B
varies with distance on both sides, non-linearly and
becomes zero at X = . At a particular distance
x=+R/2 wegettwo points onthe curve P, and P,, at
thesepoints B «f-I2and linear. At these two points,
the sign ofthe slope ofthe curve changes from positive to
negative. Hence the points are called the points of
inflection.

. dB d’B

Atthese points — = constant; and —-=10;

dx dx”

The distance between these pointsisequal to R.

7.5.3 Comparision of Small Current Loop with a
Magnetic Dipole

The magnetic tield due to a circular coil at an axial
point is given by

W, 27 (NmR%)

CAn (R4 )
. el il -R2 - . -
Ifthe loop 1s small /& <<x; = negligible,

also A = aR° = isareaofthe current loop, we get

B Mo ZNA
dn x

l‘LI) 2M
or B=——
47 X’

where M =NI1A s the magneticmoment of current
loop. Thisexpression is exactly similar to the magnetic
field produced by a small bar magnet at the distance on

164



its axis fromthe center of the magnet.

Hence a small current loop is equivalent to a bar
magnet (magnetic dipole).

7.5.4 Helmholtz Coils

Twoidentical coaxial coils held in vertical plane,
such that their center are at a distance equal to the radius
ofthe coil. These coils are called Helmholtz coils.

The plane otthe coilsis parallel to each other. The
coilsare connected in series, they produce exactly same
magnetic field. Fig 7.16. The coils are used to produce
uniform magnetic field, inthe area between the coils.

Fig 7.16 Helmholtz coils
The Magnetic Field Between the Space of Coils

The magnetic tield between the space ofthe coilsis
the vector sum of'the fields produced by the two coils.
The center of space is the area about the points of
inflection.

overall

T
wr - o (=2 -4
Magnetic Field Strenght B/Bg

(=]
n

(=]

Fig 7.17 Uniform magnctic ficld between the coils

The magnetic field at the center of spacei.e. point
ofinflection of both the coils, hence the magnetic field will
be
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B _ 4”‘1]N‘!
N (B.=R/2)
B -B, = du, N7
s
B=B +B,[- B and B, ]
=28,
u, NT w, N7
=2x———=0.716"—
53R
> I‘li]N‘!
=1.432
32 . (7.42)
B=1432B._ . (7.43)

Which means the uniform magnetic field in the
space between the coils is 1.432 times the maximum
magnetic tield produced at the center of each coil.

7.5.5 The Direction of Magnetic Field Due to
Straight Current

(1) The form of magnetic field dueto stright current
can be understood by the following experiment -

Consider a straight current carryiing wire PQ
passing through a cardboard ABCD, whose plane is
perpendicular to the wire. Put some iron fillings on the
cardborad, and establisha current in the wire. By taping
the card board you will notice the iron filling to align like
circular rings around the wire, as shownin the figure.

Fig 7.18 Magnetic ficld duc to straight currcent



(2) Magnetic field in a current carrying coil. We
look at the tace of the coil. If'the direction ot current is
N - wise (anti clock wise) then the face will behave like
north pole ofthe magnet. And ifthe currentinthe faceis
clock wise 1.e S-wise, the tace (end) will behave like
south pole.

Fig 7.19 Deciding the pole of current coil

Example 7.3 : Acircular coil of radius 10 cm, has
100 tightly wound turns. Find the magnetic tield at the
center of loop ifthe current inthe coil is 1A.

Solution : givenR=10cm=0.1m

N = 100, I=1A,

Bt NT _ Az x 1077 x100x 1
2R 2x0.1

=27x107'T

=628 107T

Example 7.4 : A helium nucleus revolvesina
circular pathofradius 0.8 m, in 2 s. Find the magnetic field
at the center of the circle.

Solution : The charge on He nucleusis q=+2e.
The magnetic tield at the center of circle s

potol

2r
_ 2e
{

I

t = time taken in one revolution

o 1 20)_ e

2rt Ft

_4rx10 7 x1.6x10 7
08x2

=1256x10"*T

Example 7.5 : Find the magnetic field at point O in
the givenfigure.

B=H, +E

o QLT

+ B

Solution :Magnetic tield at O is dueto the current
inPQ, QMR and RS. The contribution of PQ is

~ s M T
| BPQ |:| BRS |: ‘

. downwards

Contribution of RS is up-wards both cancel each
other, being of same magnitude.

The only contribution is due to semi circle QMR,
whichis

=5 L e, f
| B |:| B()_.\,:R |: _[;[—]J Wthh iS upwaTdS,
- 2\ 2r

Example 7.6 : At what distance fromthe center of
the coil of radius R the magnetic tield will be 1/27 ofthe
field at center.

Solution : Magnetic field at the axis of'a circular
current carrying coil 1s ;
U, NIF
2(R2 + xﬁ) :2

Magnetic field at center
B NI
TO2R
given-
B=—5..
27
yNIR 1 g NT
or P —

AR +x°Y? 27 2R



B 11
O Wy PR
or (R*+xY*=3R =Ry
1
o (R®1¥*) =3R
ar R+x* =91
or x*=8 R*?
or x=22R

Example 7.7 : In Helm holtz coils, each coil has
20turns and radius 10 cm. Ifthe current in the coil is 0.1
A, tind the magnetic tield in area between the coils.

Solution : Magnetic field inthe required areais
8 M NT NT
NG
given-N =25, R=10ecm=0.1m,7=0.1A
8 X
55

=225x10°T

Arx10" ><25><O.11,,
0.1

B=

Example 7.8 : Awire ofinfinite lengthis curved as
shown in thefigure. Ifthe currentis 1, then findthe angle,
for which the magnetic field at center O1s zero.

Solution :

Thetotal magnetic field at centeris
B B +B ,+B

&

#{I ‘T

Arr (upwards)

W
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4
At (upwards)

T

If wetake + ve signfor an up wards magnetic field
and - ve sign for downwards magnetic field then -

J7
By, = axr’ X (length of arc bed)
_ M d
By = azr> (27—0)r (downwards)

Total magnetic field at O is

| |_ }ulj ] }u(’_l (2 6) + #{I ‘T
4zr dar
ol ol ooy d _ 0
4y 473'?' dzr
As givenin question

4
L |1-2x-H+1|=0
4717?[ @7-6)+ ]

2-27-6)=0
6=27-2=2(r—-Nrad.
7.6 Motion of a Charge in Magnetic Field

Ifacharge ¢ ismovingin both electric field E and
magnetic field 3, then the net force on the praticle is

[F,=4F; F, =q0/xB)]

hence FF=F +F, =q[E+VxB] ...(744)

This forcewas given by H A. Lorentz, and hence
the name, Lorentz force,

The magneticforce on a moving chargeis griven by

:q(ﬁxf)’):qusinHﬁ .. (7.45)

£, |= gvBsing .. (7.46)

The direction of force is given by #, which s aunit
vector perpendicular to the plane of v & 5 according to
right hand rule. If the charge 15 negative, the force is

opposite to that on +ve charge.



Special Cases :

(7.5.1) If the charge is stationary; |V |=0;
| F|= 0, only a moving charge experiences magnetic
force. 7.5.2.If @ = 0° or 180° i.e. the chargeis moving
parallel or antiparallel to the ({field,;
sm@ =0 | F |= 0, hencee the charge continue to move in
staight line.

7. g

*

y

Fig 7.20 (A) Froce on charge in magnetic field
Fig 7.20 (B) Motion of charge parallel to B
7.6.1 Motion of Charge in Perpendicular Magnetic
Field

If y and 5 are mutualy perpendicular, then
8 =90". the force on the charge will be maximum and
equal to F =¢vRBsin90°; where is to the planc of
¥ andg

F=qB=1_ .. (7.47)

The direction of this force is shown in Z directionin
fig7.21 (A)hence the charge will have a circular motion
in X-Z plame. Infig 7.21 (B). The g isperpendicularly
down-wardstothe page.
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Fig 7.21 (A) Force on a charge in magnetic field
Fig 7.21 (B) Motion of charge in magnetic field
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Ifthe charged particle has a mass m, and moving
on acircular path of radis #; then the magnetic force will
act as centripetal force, hence

s

=qvB
R
L hiiak . P
P_Q_B_Q_B ... (7.48)

If kinetic energy of particle is £, than

P=2mk,

The radius of circular pathis

e ZmkE,
gb

It means that radius of circular pathis proportional
to the linear momentum of the particle. Since ris fv, will
be constant. It menas the works done by this force, on
particleis zero.

(749

The circular motion of a charged particle behave
like acurrentloop, and producesits magnetic field which
affect the existing magnetic field.

The time period 7ofthis circularmotionis

7 2mam
4B ... (7.50)
and the frequency
| g
vV=—=— :
Y (75D
The angular frequency
o =2rv
1]
=L (7.5

m

From equation (7.50)1t is clear that time period T
and frequencyw or visindependent of speed and kinetic
energy /.. Itisalsoindependent of momentum.

This important concept is used in the design of
cyclotron. T depends on B and specitic charge ot the
particleq/m. T oc 1/B and ¥ ccm/q .

7.6.2 Motion of charged particle when 0° < 8 < 90°
Ifthe veloity ofthe particle makes an angle & with



R » thenvelocity vhas, two components,v, andv, The
component v, =vcos@ isinthe direction of B, and
F_— 0. The particle will move in a straight line with
constant velocity. The other component v =vsing
make theparticle to have auniform circular motion.

%
4

Fig 7.22 (A)Force onacharge when ¢* « g < 90°

Fig 7.22 {B) Helical motion of the particle

The combination of these two motionsis a helical
motion, which is shown in fig 7.22(B). Radius of the
helical pathis

;e mv,  mvsing
4B 4B ... {7.53)
andtimeperiod 7 = 27 = 2rm (754
v g

The linear distance, between the consecutive
revohutions is called pitch, whichis

2 m
y=v,T7 (vcosd) q_B

_ 2zmvcosd .
J 7(;8 .. (7.35A)
0 - 2t 7.55B
r y and ... (7.55B)

In the polar region, for example in Northern
Canada and Alaska, sometimes a spectacular pattern of
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coloured light polar aura 1s seen, which is called
AURORA BOREALIS scientists explaineditasa
phenomem due to motion of charged particles from
cosmicraysinthe earth's magnetic field, whichis strong at
poles.

Example 7.8 : An electron of energy 10el71s
moving ona circular path in perpendicular magnetic field
B = 10"T. Find the velocity of electron and radius of
circular path,

r

. l ke
Solution : £ ZEmv‘ =10e}

=10x1.6x10 7./

v= 2L m

v=2x10x1.6x10 ¥ x9.1x10 !
1eV=16x10". m=91x10"kg

v=188x10"m/s
radius ofcircular path

vy mv

r= q_B ~eg (rg=e=16x] 07"¢)

_ 9.1x10 'x1.88x10°
1.6x107" %107
r=107m

Example 7.9 : Abeam of proton with velocity 4 x
10°m/s 1s moving in a uniform magnetic field 0.3 T atan
angle 60" with B. Find (1) radius of the path and (u1) pitch.

Solution : The pathis helical hence

v, =veosO =4x10’ cos 60°
=4x10° ><l
2

Vv, = 2x10°m/ s

5

v, =vsing =4x10" x

=2x/§x10§mf’sec

;o my|
qRB




C(1.67x10 Tyx(2x~3 x10%)
1.6x10 ¥x03

F=12x10""m
. o 2xm
(1) Y=l =y x——

B 2x10°x2x3.14%1.67x1077
1.6x10 ¥ x0.3

The pitch =43.7x10 *m=43.7mm

Example 7.10 : Anelectronis moving with speed
3 x 107 m/s in a perpendicular unitorm magneic field
B =6x10"T. Find (1) radius of path (i1) frequency (1i1)
energy in KeV. (m_ =9x10kg:e=1.6x10"C)
(1eV=1.6x10"'°])

Comv . 9x10 ' x3x10

ion: F=—= :
Solution: /= = T 610" x6 %10~

=281 x10"m
=28x10*m=28 cm

_gB
frequency V=3 m

_ 1.6x10 ¥ x6x10 *
2x3.14x90x107"

=17x10°Hz=17 MHz

1 1 N
Eo=—m® =—x9x10 1 x(3x107)
ko2 2 & )

:%x9><10 xox10"

=405%x107"" J

_405x10 " ol
1.6x107"
=253 x 10%V =2.53 KeV
7.7 Cyclotron

Itisan electromagnetic device, used to accelarate,
massive + ve /y charged particles like ¢ — particles

proton, deutron, at high velocities.

It was invented by E.O. Lawrance and M.S.
Livingston, toinvestigate the structure of nucleus( 1934).

7.7.1 Principle of Cyclotron

(1) The charged particles are compelled to move n
a perpendicular magnetic field, with constant freqeucny/
time period.

(ii) The electric potential (AC potential of high
frequency) provide energy twice in one cycle.

7.7.2 Construction

Two hollow, D shaped metalic containers called
"Dees" are placed between poles ot magnet suchthat Bis
perpendicular to "Dees". These "Dess" are placed in
vaccum chamber to avoid collision of charged particles
with air molecules.

gB
™ ™ V=
AnAC source of cyclotron frequency 2

is connected to "Dees".

Iigh frequency
A source

I"ath of

I3 cawn of positive charges
accelerated protons

v Turget Nucleus

|||| S |I‘

Fig 7.23 Cyclotron

allr 1ime T2

Fig7.24 AC source at "Dced"

al lime



Working of Cyclotron-

The source ofions/particles (to be accelarated ) is
placed at the center of the circle made by the two "Dees".
Assoon asthe particleis ejected from the source by its
ownvelocty, it enters perpendicular magnetic field and
starts circular motion inside Dee. After completing half
circlein D, its enters the space between D and D,
whereitis exposed to electric field ofpotenhal VoIt
experiences a kick and gains energy ¢V’ The particle
enters D_with increased velocity and moves inlarger half
circlein D When the particleleaves D, and enters the
space between Dees, the polarity of the applied voltageis
reversed. The particle again gains energy ¢} and pre-
enters D, withincreased velocity. The particle gain an
energy 2q} from electric field in one revolution.

Itthe particle had N revolutions before coming out
of cyclotron its energy is increased by 2N¢gl, which
appearsas kinetic energy ofthe particle.

Mathematical Analysis-

Let m, g anvbethe mass, charge and the velocity
of the charged particle. When particle enters a
perpendicular magnetic field B,

AV _ qu
F
_mv_p
BB (7.57)
(p=mv=)
2 2
7= il = o (here v is velosity) . . . (7.58)
v gh
r_am 1 g8 .
2 4B and v= T am A{7.59)

which is called cyclotron frequency. It is
independent of v and ». Note that the frequency of'the
applied AC voltage to "Dees" is equal to cyclotron

frequency V= then the cyclotronis said to

T 27zm
be in condition ofresonance, And the particle gains
maximum energy from the system.

B
@ :27;1qu_

" (7.61)
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]. el
Kinetic energy of'the particleis £ = rkad

1 oo Br
=—m q — ( 757 1J:q—)
2 m m
. 1 g B )
g =-1 (7.62)
2 m

When the particle is about to come out from
cyclotron, 7 —#2; Thekinetic energy will be maximum

7B R

m

1
o .. (763
i 2 ( )

If the particle had completed N resovtions before
coming out, the energy obtained from electric field is
L=(2qV)N . (7.64)

Since energy is changed into kinetic energy, we get

1 ¢RB’R*
(2g7)N =1
2 m
_ 1 gB*R?
:Z oy . (7.65)

7.7.4 Limitations of Cyclotron

(i) It can't accelarate light particles like electrons,
because to obtain required kinetic energy, we haveto
provide very high velocity to electrons. At such relativistic
velocity, the mass of electron no more remain constant,
and the cyclotron frequency changes, which disturbs the
resonance of the cyclotron. To accelarate electrons,
another device called Betatronis used.

(i1) Neutral particles like neutrons can not be
accelarated by cyclotron.

Uses of Cyclotron
(1)  Theparticles accelarated by cyclotron are used to
study the structure of neucleus.

() The accelarated ions are impregnated by
bombarding into another materials to improve
quality or synthesis of new materials.

(i) To obtainnew radio active materials, which has

applications in several tields like research and
medical sciences.



Example 7.11 : The cyclotron trequency is
10MHz. To accelarate protons, what will be the value of
magnetic tield? Radius of Deesis 60 cm. also find the
maximum kinetic energy of accelate protorns inMeV.

{(e=16x10 "¢, m = 1.57 x 10 kg, 1
MeV = 1.6 x 1071 5))
Solution : The cyclotronfr sv=1
olution : The cyclotron freugency is Sam
2amv
hence 5=
q
~ 2x3.14x1.67x10 w10’
1.ox107"
B=066T

The maximum velocity of protons is

gBr _1.6x10 " x0.66x0.60
1.67x107

V=
m

=378 x 10'm/s

The maximum kinetic energy

1

, 167x10 % x(3.78x107

L‘ ‘A.
g 1.6x107"

=7 MeV

Example 7.12 : Discuss the path of a charge
(charged particle) entering a uniform magnetic field.

Solution : Case (i) Ifthe particle enters the field,
parallel or anti parallelto the field, then /- — o, The path
of'the particleis a straight line.

Case (ii) When the particle enters the field
perpendicularly & = 0% thenthe force 7 =gJ’Bwillbe
normal to V. The path willbea circle. It will move clock
or anticlock wise according to direction of B.

Case (iii) When the particle enters magnetic field at
anangle &% 0° 180, 90. The path of the particle will be
helical.

P X%
C W (clockwise}

E E E E

A C W (ant clockwise)

E E E

E E E

=
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7.8 Force on Current Carrying Conductor in
Magnetic Field

When acurrent carrying conductor is placed ina
uniform magnetic field, the charge carriers, (the tree
electrons) moving with drift velocity v, experience a
force F = g(v, x B) . Hence, there will be a net force
onthe conductor.

I:‘zl(fz‘xB)

L3

.
L

Nk

I» 7 x

L J

Y

Y

k J

L J

Fig 7.25 A current carricr in magnectic ficld

Asin fig 7.25 conductor of cross section A,
number of free electrons per unit velume 'n’ carries a
current 1. Its ¢ length Zis placed in uniform magnetic
field B at an angle & Thetotal amount of charge of free
dectrons willbe g —nedl Sincethe velocity ofthis charge
is v, , thenet force on the conductor will be

| I |=gv,Bsind

=neAfv, Bsind (g =nedfr)

= (neAv,) Bsin@ (L =nedv,)
| F|=1fBsiné .. {7.66)
F=I(/xB) . .(7.67)

Here the direction of # is inthe direction of
current. Direction ofthe torce will be perpendicular to the
planeof ¢ and A , according to right hand rule.

7.8.1 Direction of Force on a Current Carrying
Conductor in Magnetic Field

For this, two laws are inuse -
7.8.1.1 Fleming's Left Hand Rule

Make thumb, index finger and middle finger of yoar
left hand perpendicular to each other. Ifindex finger
indicates the direction of B (magneticfield) middle finger,
the direction of I; then the thumbs will indicate the



direction of force on the conductor.

Fig 7.26 Fleming's left hand rule
7.8.1.2 Right Hand Palm Rule

If we spread our right hand in suh away that the
finger are inthe direction of magnetic tield B, the thumb is
in the direction of I, then the force onthe conductor will
be upward and perpendicular to the palm.

Fig 7.27 Right hand palm rule

7.9 Magnetic Force Between Two Parallel Current
Carrying Conductors

Let two parallel conductors carrying currents I
and I, arein the plane of the paper at a distance d in am‘
vacuum. B3 ,and B , are themagnetic tields produced by
currents and L at the location of IT and Iconductor.
The force onthe a’f' ,length of the first conductor carrying
currenr I inmagnetic field B ,willbe -

]4

direction shown iffig (7.29) here 5, = ad rd

S15, =1, (55-:2 xH,)

|62, = 1,|54,| |8 [sin 90°

‘aﬁm| =1,51,B,

oy 1“[:!1125’{{2
oFy|l=—" . (7.69
‘ . 2rd (7.69)

similarly the force onthelengthd/, dueto B, and /,
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814, = 1,(64,x B,)

(813, |= 1, |54, |B.|sin90°

= 1,84,

#I)I ]
2

hence |5J-’".{~|— 251, .. (7.70)
(1) Ifthe direction of current in the two conductors

1s same, they experience a force of attaction.

(2) Ifthe direction of current in the two conductors
1s opposite to each other, they will experience a force of
repulsion (Fig. 7.28).

S
Fig 7.28 Forec between two parallel currents

The direction of both forcesis as per right hand
palmrule, and shown inthe figure 7.28 These forces are

actionreaction pairs, 5/, and 8/, , and are opposite

indirection.

Fig 7.29 Force between two parallel currents
The force perunitlength ofthe conductorsis given
AN

N/
bY |57 |0k 2zd

. (7.72)

7.9.1 Defination of Standard Ampere in S.1. Units
Fromequation 7.72, the torce per unit length ontwo

. OF ,u(,}'lfg

N/
parallel currents in air/vacuum, is —— S 2xd .



If we put the condition that/, =7, =1A and

L 8F o x1Ixl 4xx10’
d=1m mnair —= — =
of 27 %1 27
=2x10 " N/m

From the above conditionwe candefine 1A 1A s
that current maintained intwo parallel conductors placed
at a distance of Imin air, if it exerts a force per unit
length equal to 2x107" N/m then the current in each
conductoris 1 A, The latest definition of Ampere in S1
units effective from 20-5-2019 can be searched at
{(http://physics.nist.gov).

7.10 Force and Torque on a Rectangular Current
Loop in Uniform Magnetic Field

B

¥

D fE
Fig 7.30 Torquc on a current loop in magnetic ficld

Consider rectangular current loop ABCD of length
land breadthb and area A. The current intheloopisI. It
is placed in a uniform magnetic field B. To find net torce
on the coil, we consider the force on each side of
rectangle and just sumup. At any instant ifthe area vector

A makes an angle & with B , the force on side BC is

F =T (b X f)’) , the directionis upward in the plane of

the paper. Similarly the force !«I‘z on DA is
I = ](5 " 3) , the directionis downward inthe plane

of the paper. They are equal, opposite and collinear
hence get cancelled. The force on side CD and AB

is |I* ‘ =1£Bsin90" = 148 againtheir sumis zero. But
they are not colinear, hence they produce atorque on the

coil. Net force ontheloopis 4 = 11 Jm."f"2 +_f'; +J_.','j4 =0
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Calculation of Torque

Asshown in thefigure 7.31, the forces /-, and /<,
are equal and opposite. They act ontwo ditterent points,
hence produceatorque 7 .

7 = Force x perpendicular distance between
forces

r=(/¢B)(bsind)

=1(#h)Bsind
r=14Bsiné . (7.73)
It'the loop has number of N turns
7=NIABsing A7)
T =MBsinf . A(7.75)
Here Af = NJA . (7.76)
1s the magnetic moment of the current loop.
Invectorform 7 —Afx B . A7.77)
or £ = NIAx B . A{7.78)

Y

Y

[
o=

Fig 7.31 Torque ona current loop

Note - When we consider the angle between the
plane of the cotl and as the equation (7.75) will be

Thedirectionof 7 is perpendicularto the plane of

A and B asperright hand screw rule.

Comparing 7 on an electric dipole in uniform
electric field , we seethatitis (r = PI7sin 6’)
Special Conditions

(i)  Whenthe plane of the coilis perpendicularto 5 |



ie.8=0" 180%nd ox =90" fromeq.7.75, the

[ MBsin@ =0 :(minimum),

()  When the plane of the coil is parallel to1.e

8 =90" ; @ =0" thetorque will be maximum

T=1, =MBsin90" = MB . A7.79)

Electric motor and moving coil meters work on this
principle.
Example 7.13 : Find the magnetic field 5 at

points P, Qand R, duetotwo parallel currentsas givenin
diagram.

| 2
20 An v30A
Moem|i0emQ  [l0emR
«— 2.0 cm —

Solution : Field £ dueto astraight current I

- - - _ #I)I
B=10
d at distancei1s given by ord

ApointPthenet B, =8, ~ B,

_ H(20)  4,(30)

27(0.1) 27(0.3)
1A-T
= Ha1200-100]=2221Y 100
27 27
= 241071

of B isgiven by as perpendicular to page upwards.
(i) At point OJ; net BQ’ = B_@. + B_Q; sinceboth are

insame direction.

5 _ #,(20) . 1, (30)
¢ 2x(0.1) 27x(0.1)

— £ 1200+300]
27

=2x107" x500
=10x1077' =10""7

givenby.e. to page downwards.

(i) Similarly on point R. The net E‘: = JETHJ + E

J7 O S
1 2

_m[30 20
27z 01 03

=2x10 "% 2.33x10°
—466x10°T

The direction will to page upwards.

Example 7.14 : A 10m wire carries a current of
10A. Itisplaced at, with B. Find force perunit on the

wire,if B=55x107"7 .

Solution : Theforceon whole wire isgiven by
F=1(ixF)
The for perunitlengthis;
|| =1¢Bsin6
[=104, B=50x10"T
£=10m d9T g =30°

‘F‘lexleleO 4 % 8in 30°

=10x10x5x107" X%NT

=250x10 ' N
A 4
‘){—;‘:%:ZSXIO_L1 =0.025N/m

7.11 Galvanometer

In previous chapters, we have studied about the



physical quantities like electric current and potential. In
this section we will study about the devices that measure
these quantities.

Galvanometer 1s a device used to detect current in
acircuit or potential ditference between two points. It can
be converted into a voltmeter and Ammeter. Itis based
onthe principle of torque on a current in magnetic tield.
They are of two types - (1) Moving coil (1) Moving
magnet type.

In this section we will study only moving coil type
galvanometer, which are again of two types -

(1) Suspended coil glavanometer (i1) Pivoted coil
galvanometer. Both types are based on same principle,
but differn their construction and working,

7.11.1.1 Suspended Coil Galvanometer

As shown inthe diagram 7.32, a rectangular or
circular coil ot insulated copper wire wounded over an
alluminium frame, is suspended by a phospher bronze
fiber between the poles of a horse shoe magnet. The
alluminium frame of'the coil is free to rotate about a fixed
ironcore. One end of the coil is connected to terminal T
via phospher bronzetiber and the otherto terminal T, via
an elastic spring.

T ‘Tortion (Tap

—— Phospher Brooze

Mirror ~

Coil

\

Core

——3
\QT

2

Fig 7.32 Suspended coil galvanometer
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Principle- Itisbased onte principle of, torque on
a current loop in magnetic field. This torque deflect
(rotate) the coil, which is measured on a suitable scale.

Acoil of N turns and area A, having current |
experiencesatorque 7, = NAIBsin & inmagnetic field
B. To avied the monlinearity of, the poles of the magnet
aremade concavein shape, so that the field B is always
radial and 8 =90 . So 7, = NAIB  which has a
linear relation with L.

The role of phospher bronze fiberisto produce a
counter torque (Restoring Torque) due toits tortion; 50
that the coil comes in equilibrium after a rotation of 6 .
@ is measured by lamp and scale arrangement, for that,
a small mirror is attached (fixed) to phaspher bronze
fiber.

Iftherestoring torque per degree due to phospher
bronze fiberis C, then the restoring torque for deflection

gwillbe 7, =C¢ ...(7.80)
Inequilibrum 7., =7,
or NAIB=C¢
L (c ] ;
VAR .. (7.81)
I =ke ...(7.82)
here = ¢, lled reducti
ere K= is a constant called reduction

factor ofthe galvanometer. Hence 7 =« ¢

7.11.1.2 Radial Field and Role of Iron Core

As shown in the fig 7.33, when the poles of the
magnet are made concave in shape, then magnetic field is

always radical and perpendicular to area vector 4 ofthe

coil, the torqueis maximum. 7., = NAIB Thesoftiron

coreintensifies the effective magnetic field B, sothat kis
reduced and sensitivity of the galvanometerisincreased.



iron corc

Fig 7.33 Radical magnctic ficld
7.11.1.3 Working

Inthis device the deflection s measured using lamp
and scale arrangement. Ifthe perpendicular distance of
mirror from scaleis D, and deflection of light spot on

d
— and for small deflection

scale is d. tan(2¢) D

o o
0%

2¢, because deflection of mirror by ¢, deflects the
reflected ray by angle 2d)and 7 « o o« ¢

(tanx ~x), 2¢= . (Here we have taken

7.11.1.4 Sensititvity of Galvanometer

If a small current causes large deflection in
galvanometer it 1s said to be more sensitive. The
sensitivity is inverse of figure of merit/reduction factor

&
"—[m]‘ﬁ—"@*

Hence, the current sensitivity

Fromequ. 7.81

¢ _ ¢ _NAB 1

YL Ok

Toincreases sensitivity we can increase N, B and
A to certain practical imit. C canbedecreased by taking
the fiber of phospher bronze as long and thin. Againto
practical limit for ruggedness of galvanometer.

.. (7.84)

Voltage Sensitvity - It is defined as detlection

v

If'the resistance of galvanometer coil is G, and

pervoltin galvanometer V', =

currentisl; " = {(z and

A
TG
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y, =25 7.86
TG ...{(7.86)
Fromequation 7.84 and 7.86
r LS:-
Ve=— . (7.87)
G

7.11.2 Figure of Merit of Galvanometer

It is detined as the current required for unit
deflectionin galvanometer. Hence it isinverse of current
sensitivity

X:i:

K

e |

NAR
7.11.3 Pivoted Coil Galvanometer

All the arrangements of coil, frame, iron core and
concave shape of magnetic poles 1s same as that in
suspended coil galvanometer, except that its coil 1s
pivoted on two sharp point (instead of suspension) so that
itis free to rotate. Coilis connected to terminals T and
T, viatwo hair springs, which providerestoring torque for
equlibrium. Avery light indicator needle of aluminimumis
attached to the coil. The other end ofthe indicator needle
gives deflection on agraduated dial. Such galvanolmeter
18 also called weston galvanometer. In spite of'its less
sensitivity compared to suspended cotl galvanometer, 1t is
most used because of convinience inuse.

...(7.88)

g Sping

Pivat

Fig 7.34 Pivoted coil galvanometer



Use of Shunt

Galvanometer gets damaged, due to excessive
current. Acopper wire (shunt) is connected between the
terminals T, and T, which by passesthe extra current and
protect the galvanometer from damage. Fig 7.35 shows
ashunted galvanometer.

7 A B 7
_'__'[_©_'__'—

Iy 4

Fig 7.35 Shunted galvanometer

If G and R are resistances of galvanometer and
shunt respectively and 7, 7 and/ are the main current,
current in galvanometer and current in shunt, Then

1,G =15 (potential between A& B is same for
both)

I, G
!L’ LST
—+1==+1
I,
I.+I, G+S§
!8 LST
I G+S
7S (- T=1,+1)
. . I _ LST I
which gives : lorg ... (7.89)

Galvanometers of required range are fabricated
using above relation.

7.11.4 Ammeter

Anammeter is a current measuring device, so it is
always connected inseries inthe circuit. Resistance ofan
ideal ammeter should be zero, so that it does not eftect
the current inthe circuit, (to be measured). But a practical
ammeter has certain non-zero resistance (1.e. resistance
otcoil).

To make the effective resistance of the
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galvanometer as low as possible, a very low resistance s
connected between the terminals T and T, of the
galvanometer it is called shunt. The value of shunt
resistance s determined as per requirement of the range.

As shown in the fig 7.36, a shunt is connected
between its terminals T, and T, whose value is

determined by therelation / (7 = (f -1, )S

!g(}
(1_12)

Here [ =range of a ammeter; Ig=current for full
scale deflection.

§= ...(7.90)

. (7.91)
The effective resistance of the ammeteris given by
€AY
G+S

A

.. .(7.92) (law of parallel combination)

Since § << (3

R, O—S e

@
The converted ammeter is first calibrated. [tis zero
18 marked to extremeleft on the dial.

S ...{(7.93)

N

Pivot

%wr

@ Spring

shunt

Fig 7.36 Conversion of galvanometer into ammeter
7.11.5 Voltmeter

It is a device to measure potential differnce



between two points. A volt meter is always connected in
parallel to the points. A voltmeter should not draw any
current for it self (not to change the potential ditference to
be measure).

An ideal voltmeter should have infinite resistance.
But an infinite resistance give I=0, and coil of voltmeter
will not rotate. So for a particle moving coil galvanometer,
it should as highresistance as possible (as perits range).

To convert a galvanometer to a voltmeter a very
high resistance 1s connected in series with galvanometer.

Fig 7.37 Conscrsion of a gal vanomcter to a voltmeter

As per diagram the potential across the series
combinaionof G and R (applied potential)is -

V=I,(Ry+G)

R, +G=2
R =L ¢

H !g ol (?94)
R, =G+R, .. .(7.95)
R, >>C

Since R, >> (5. The effective resistance of the

combination 1, = R, .
Here V =range of voltmeter; G =resistance of
galvanometer coil

and Ig = Current for full scale deflection of
galvanometer

The practical voltmeter discussed above s unable
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to meaure potential ditference very accuratly. For this we
use potentiometer.

Example 7.15 : Adeflection for certain current is
50. Whenitis short circuited by areistance of 1202 | the
deflection reduces to 10. Find resistance of
galvanometer,

Solution : For shunted galvanometer / « ¢

L _10_1
7 50 5
r-1
€75

(-1,)8=1G
(1-1/5)x12=(1/5)G

(r=4x12=48Q

Example 7.16 : For a galvanometer the current
tor full scale deflectionis SmA, and resistance of its coil is
99 2. Find the value of required resistance to convert it
to (i) Ammeter of range 5 A. (i1) Volt meter of range 5V.

Solution :

=54

Given 7, =5mA | (=990,

(i) convert to anammeter the value of shunt

¢ LG 5407

0= - X99
[-1, 5-005

5x10°
4.95

x99 =010

hence aresistance of 0.1 3 isto be connected in
parallel to galvanometer.

(1) To convert to avolt meter

4

R”:Z_G

R, = ——99 _ 1000
B gt 00 =1000-99
R, =901

be connected in series with galvanometer.



7.12 Ampere's Circuital Law

Just as Gauss's law in electrostatics help in tackling
the problems regarding % due to a symetrical charge
distributions, where Coulomb's law can't; thereis a law
called Ampere's law, whichtackles problems regarding

B dueto symetric currents where Biot and Savarts law

cant.

According tothislaw;

$B-di=p, 31 ... (7.96)

It states that the line integral of magnetic field
produced by electric currents in air/vacuum, over a
closed path (loop) enclosing an area, is equal to the
product of £z and alzebric sum of the currents passing

through that area. <ﬁ B-d f isalso called circulation of

magnetic field.

LI,
I 1 -
SV
{
e - d_ - -
L
(b
1 ol
R
{

(e)
Fig 7.38 Ampere's Law

Here alzebric sum of currents >,/ =/ , means |

can be taken as +ve ore -ve; according to one
convention, If integration is taken in anticlock-wise
direction, the upward currents are taken as +ve; and

vice-versa. For fig (a) Xi=7 ; ftor fig (b)
Si=1+1,+(-1,); for fig (c) Zi=0; For

Cj) B-di=0 ;it does not mean that thereis no magnetic

180

field it states that the loop choosen, contains no currents.

B =y H here His magnetizing tield or magnetic
intensity.

Theampere's lawinterms His

qg H-di=Yi andi.e. circulation of His called
mmt (magnetio motive force).

Ampere's law 1ssame as Biot and Savarts law and
both can be deduced from each other. While tackling
problems, the Ampere'sloop is selected in such a way
that -

(1) B1s same on each part of the loop.
(i) B andd’
B-d{=Bd¢

should be parallel so that

(iii) B and ¢ should besothat 5.47 =0

7.12.1 Magnetic Field Due to Infinity Long
Current

The magnetic field produced by current [ in
conductor CD isin the form of concentric loops around
the conductor, the conductoris the center ofthese loops.
Theloops are all along the length of the conductor.

Fig 7.39 Magnetic ficld duc to infinitly long wirc

To tind magnetic field at point Pat a distance »from
the conductor, we construct a circular Apmere loop

taking wire as center. Now take a small element (7 7 and

find (_f}b‘-d? = 1, 2.7 along the loop. From Ampere's



law
CﬁB‘dl&:;q] 2
gf)Bd.E" cosf =, 2.0
d=0", cosfd =1
Yi=T
CﬁBdf = u,d
Bcﬁdf = u]
$dr=t=2zr
B(27n*) =7
hence B = f'—ii ...{7.98)

The resultis same as that obtained earlier by using
Biot and Savart's law and long mathematical process.

The magnetic field in thiscaseis Boc / and Bx [ /F.

e

Ll A

Fig 7.40 Variation of B with distancer

7.12.2 Magnetic field due to current carrying long
cylendical conductor

Themagnetic field due to the solid cylinder in which
current lisuniformly distributed through whole cross
section A, will bein the from of concentric circles, as the
cylinderat thecenter. The loops of magnetic field lines will
be there thoughout the whole length of cylinder -

Fig 7.41 B duc to cylindrical conductor
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(1) To find magnetic field B at apoint P, ata
distance ¥, we construct a circular Ampere's loop of
radius #, passing through point P. From Ampere's law

@B{m! ‘d? = /ui] ZI
(J.DBde cost =y, >/
6=0"cosf=1.2i=1

(J.)Bdf =,

(_f)df: (2nr)

B 2xzF

£

= 1

_ Ml

T PN . 9
2y (7.99)

, 1
Here again 5., , asexpected.

(i1) To tind B at the surface of the consuctor;

r = I . bysameconsideration we obtain

#I) ]

R ...(7.100)

hi

(111) To tind B ata point inside the cylinder; i.e.
r<R; The same procdureis again adopted but right hand
side of the Ampere's law should be taken care of. From
Ampere'slaw

(J.)Bd? =, 21
(j.)Bmdf cosf =, 21

6=0° cosf=1

We consider an Ampersloop passing through that

point, insidethe cylinder X7 isthetotal currenr passing

thoughthe area ot Ampersloop. Fromunitary method -
Y

1
2i=——-7r°
Tl

I
Yi=—
e




7.13 Solenoid

§ Bt = ’”')‘r r - - -
i A tightly wounded coil of insulated copper wire
over ainsulator pipe, where the turns are very close to
2 (2 ) 1 dr’ each otheris called solenoid.
in ar)= 2
e
vy 7l
B _ nf’lilj i
" \27R)R
p
hence Bfn:BsE .. {7.101)

Fig 7.44 Magnetic field due to two loops

B, = r and at center (undetined) The plane of each circular loop of wire may be

considered perpendicular to the axis of solenoid. To
know about the magnetic field produced by solenoid we
consider two current loops (1) and (2) and two points P
. and Q inside and outside solenoid. Fig 7.44. The

f B «xr/ . o . . e
n NGB, = constribution of both current loops at point P (inside) 1s in
same direction, where as it is in opposite direction at Q
: . (point outside). Super position of magnetic field dueto all
Y =R ¥ the loop gives B =0 outside the solenoid; and 5, as
——3 Distance fiom axis strong and uniform, inside the solenoid for an ideal

Fig 7.43 Variation of B for cvlinder with » solenoid.

A

(1v) Ifthe conductoris a pipe (hollow cylinder) the
field inside at all points is zero.

Example 7.17 : The magnetic field due to an
infinitly long current carrying conductor at distance 10 cm
is 10° T. Find the current in the conductor.

M

Solution : Forinfinitlylong conductor

F=10cm=0.1m

B=10"°T , N :
Fig 7.45 B due to loosely wounded solenoid
v
B=1 000000000000
R —
105 = 2x107" % 7F .
0.1 >
s ORI
10 ° x0.1
!= o107 =0.5x10=5A Fig 7.46 Field dueto an ideal solenoid
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7.13.1 Magnetic Field Inside an Infinitly Long
Solenoid

To determine the field inside a soelnoid the field,
we take alongitudiual section (LS) ofthe solenoid, and
show the direction of current in the loops as (x) (_) and
the direction ot magnetic field produced, asinfig 7.47.
The current in the solenoid is I, and same in all loops.
Asuming the solenoid as ideal one, we mark (show) tield

inside as B, nd out sideasB=10.
5 B

o

B=0
p— X —
W 4

;1

[
rl

ol

T

SRS

Fig 7.47 Magnetic field inside solenoid

Q

¥ Y

To tind B inside we construct an Amperian loop
PQRS which enclose length x of th solenoid.

From Ampere's law (ﬁ B-dt=p,2i
BORY

(=all currents enclosed by loop PQRS)

The defined quanity for solenocid is #, the turn
density. (Not thetotal number of turns) hence the number
ofturns enclosed by Ampere lcop PQRS 15 72x, hence

Againwetake

4} Bdf=yp,%i

PORS
Q . . R = . S = = P . .
jB-df+jB-df+fB-df+jB-df SN
P o i 5
o= e
L" B-dt= L Bd ¢ ; (thecontribution of remaining
integrals it zero, dueto either B=0or .4 ¢ =0)

o
we get, Bj.déz‘+0+0+0:;z[]2£ ... (7.102)
r

e
since de =X
p
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and >i=nx!

weget BAx= g nx/

or B=unl ... (7.103)

which is uniform throught the space inside solenoid.
It the solenoid is finite but its radius R < <L the result is
valid at apoint inside and far away trom ends.

N
n=—
L
Also  B=p,—1T=pnl ... (7.104)
r=2
Hy
NT
Hz?lzm’ ...(7.105)
If amediumis placed inside the solenoid.
N
B =u—I
L # L
N
B, =pu, If ... (7.106)

where # is relative magnetic permeability of the
medium. For ashort solenoid B atapoint P is

B= %,u[]n] (cosd —cos.)

where ¢ and ¢, are the angle between the axis
and the linejoining the point P to outer rims. Magnetic
field at one end of the solenoid -

forthis and

(4, =90°,¢, =180")

1 _ .
hence B 5 il [cos 90" —cos180° ]

and

Nl
Bemf = Holt [0_(_])] hence B

2 ond
whichishalf'the magnetic field inside the solenoid.

1
> il



\J r U

Fig 7.48 Magnctic ficld at the end of a solenoid

» B

7.14 Behavioral Comparison of Bar Magnet and
Current Solenoid

1. Afreely suspended current carrying solenoid
always stay in North-South direction. Justhikea
bar magnet.

Itthe ends of two current carrying solenoids are
brought close to each other, they will attract or
repel each other, just like magnets do.

Eachend ofsolenoid behave like a North or South
pole, depending uponthe direction of current.

The ends of solenoid attracts feromagnetic
materials, just like magnets do.

Fig 7.50 shows the relation of polarity with
direction of current.

/”—__-‘h""\ ‘/-—-—— e
..(“ P -« ) )
=N sSEES = —SHE=EEEEEET

'Y ™
\""‘"-—-—-—-q"""ﬁ

Fig 7.51 Comparison of solcnoid with bar magnet

We conclude that a current carrying solenoid
behave like a bar magnet. But there are some
dissimilarties too -

(a) Thefield linesin solenoid are straight, butina
magnet some what curved.
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(b) The magnetic field outside a solenoid is
approximalty zero, but in case of amagnet we get
magnetic field, but different at different points.

7.15 Magnetic Field on the Axis of a Toroid
Ifa solenoid is circularly curved and its both ends

are joined it becomes Totoid. It behavelike infinitly long
solenoid.

It can also be tabricated by wounding insulated
COpper wire over a ring.

Fig7.52 Toroid

N turns areuniformly wounded. Due to current [1n
each loop, they produce equal magnetic field at their
centers; the contribution of all loops 1s in the form of
concentric circles; whose center is the center of toroid.
Hence themagnetic field inside (i.e. on axis) the solenoid
1s parallel toits axis. Tangent at a pointon field line, gives
the direction of magnetic field at that point.

To find magnetic field at the point on axis, we take
the cross section of Toroid along/parallel to its plane.
Show the direction of current as (x) and ( ) and also

directionof g produced accordingly.

Now construct a circular Ampere's loop passing
through the point of interest. We see that this Ampere's
loop encloses all the turns and

From Ampere's law Cj) B-df= H, 20

C'[)B-dfcosé’ =, 20

d=0", cosfd=1
Si=N
<ﬁBdf:;%AW



B= I
.
B=yunl ... (7.107)
”_i is the turn densit
2y S thetumdensity
HZEEHZHIZiI ... (7.108)
H, 2xr

Ifaemdmm is present

B, =u Al {
2y
B =p.u i! 7.109
or n i ety 273_? . ( . )

Magnetic field out side Toroid is zero. Magnetic
field depends on radius, current and medium inside the
toroid.

A=m* = 3.14x(10_3)2 = 3.14x107

. =05m. Clearly A<« L

Where, A=Areaofcrosssection
‘NT
B=yu, ?1
Clearly A<<L, hence the coil canbe asumed to be
very long (infinitly long)
B=4xx10 ?X@XS
0.5
B=628x10"T

Example 7.19 : Mean radius of a toroidis 10 cm
and number ofturns is 500. Find the magnetic tield itthe

currentinitis0.1 A. (,u(, =dzxl 0‘4Wb;’Am)
Solution : Magnetic field inside toroid 1s

F=10cm=0.1m

Example 7.18 : Asolenoid oflength 0.5 m and N =500 B=pu, i !
radius 1 cmhas 500 turns, 1t carries acurrent of SA. Find 271
magnetic field inside the toroid. 50001

) _ B=4rx10  x———

Soltuion: Given £ =05m, r =lecm =0.01m, 22 x0.1

Important Points

1. Orested found in his experiment that a current in a conductor preduces magnetic field around it. This
phenomenon s called magnetic effect of electric current. If amoving charge experiences a force (neglecting
electric and gravitational field), there exists a magnetic at that point.

2. SlunitofmagneticfieldisT orWh/m orN/A.m. The force ona moving charge in magnetic tield is

qu(ﬁxé)

|I:'| =gvBsind

whose direction is perpendicularto the planeof ¥ and g .

[F¥]

field.

Stationary charge produceselectric field only whereas amoving charge produces, both electric and magnetic

4. FromBiotand Savarts law, the magnetic field due a current elements /d/ -



# Lotsing (5}3:ﬁ1(d-rf’xﬁ)

dr i dr

obh =

I, :
The magnetic field due a conductor of finite length 5 = % [ sing +sin g, ]

magnetic tield due to straight infinite current

— #I) ‘T
27d
Magpnetic field due to circular current loop at
. ) 7
(1} Itscenteris B,. = ﬂ
© 2R

(ii) On apoint at distance x fromits center -

2 (R3 +x° ) )

L B NI gt [ 2ANIR
()R <<x;, £~ 2% 4rx i
gt 2M
4r x°

Here M = N{ (7:1‘{2 ) 1s the magnetic moment of the coil, it shows that coil behaves like a bae magnet.

Helmholtz coils, has twoidendical coaxial coils whose centersare at a distance equal to their radius. Magnetic
field in the region, between the coils1s

B(middlereginn] = ] 432 B(center)

Force onacharge moving perpendicaulrto magnetictieldis / = gvB , and pathof'the particle will be circular

2mTm R

v
- o AL o P 4B
andradius of pathis [ 4B ) , period of revolution o5 and freqeuncy* Gy

This freqeuncy is called cyclotron frequncy. The frequecny does not depends on velocity and radius of path.
Thisconcpetisused in cyclotron.

Cyclotronis adevice, used to accelarate heavy positive particles. The frequency ofapplied ACis equal to
cyclotron frequency.

Force on acurrent carrying conductor in magnetic field F=T (? x B )

‘ﬁ| — I/Bsin®
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12.

13.

14.

15.

16.
17.

The forcebetween two parallel currents is attractiveifthe current inthem s parallel, and repulsiveifthe current
1s antiparallel. Theforce perunit length on such conductorsis

L _sohly
of  2md

definition of 1 Ais SI; 1 Ais that current maintained in two parallel wires placed 1 meter apart in air/vacuum if

aforceof 2 x10 7 N/m force act per unit length on each other, then currentin both conductor is 1 Ampere.

A current loop in uniform magnetic field experiences no net torce, but the torque onthe loop is
7=NIAxB
|7|= NIABsin @
Here N =number ofturns, I=Current; A= Area, of current loop B=Magnetic field anglebetween A4
and B is &
Galvanometer detects electric current. In moving coil galvanometer

¢
NA

Here I =current, N =number ofturns, A= area of coil, B =magnetic field, C = restoring torque per unit
deflection, K =reduction factor of galvanometer.

¢

)7 =k =

(i) Current sensitivity § = ¢ - V8 _ 1
I C &k
1 1 C
(i) Figure of merit X = S_; = ) ~NAB k
. s NAB S,
(1v) Voltage sensitivity § = [4 = =
TV (R OR

-1

I G
The value of shunt required to convert voltmeter into ammeteris .5 = { % J
o
The value of reistance required tor conversion of galvanometer to voltmeter is
l/— - - - . . .
L, = 7 (7 ; Resistance ofideal voltmeterisinfinite.
=

Ampere's circular law Cj) B-di=pi

The magnetic tield due to acylendrical conductor -

(1) Outside cylender B = ’2“_]1 ; r=distance from axis.
Ir
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L1
(ii) Onthe surface B = L7 R radius ofconductor

2R

(i) Inside the conductor

i d
B, = B
Y R[Rj w7

Infinitly long solenoid and Toreid areused to produce uniform magnetic field.

The magnetic field insidean ideal solenoidis B = y,n/ forafinite solenoid at oneend

Magnetic field due to current ina toroid.

o N
B=nnl=
(].) #I) 2 ! {

(i1) B=0magnetic field outsideis zero.

; R=Radius; N =Number of turns

B= ol 1l |

Questions for Practice

Multiple Choice Questions -

1.

|F¥]

A charge inuniformmotion, produces -

{(a) Only electric field

(b) Only magetic field

(c) Both electric and magnetic field

(dyEM waves along with electric & magnetic field

The magentic tield due to a straight current at a
distanceris B. If distance becomes #/2 keeping /
constant, then magnetic field will be -

(a)2B (b)B/2
(B (d)B/4

Themagnetic field at the center ofa circular current
carrying coil is B . The magnetic on the axisata
distance equal to radius of the same coilis B. The

ratio B/ B, willbe-

@)1:/2
(©)24/2 - 1

Helmholtz collsareused -

(b)1:2\5
(d)\/i:]

(a) To produceuniform magnetic field
(b) To measure electric current
(c) To measure magnetic field

(d) To find the direction of electric current
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Two circular current coils are concentric and their
planesare mutualy perpendicular and the magnetic
field due to each coil is B, as hown in the figure:
the net magnetic field at their common center will
be -

B
A

-]
: 4
wa

(a) Zero {(b)2 B
(©) B/\2 (d) V2B

Projected with same velocity in uniform and
perpendicaulr magnetic field, which particle will
experience maximum force?

(@) ¢ (b) H'
(c) ,He' (d) L’
Two wires of mains supply are at a them distance
12 cm. Ifthe force per unit length between is equal

to4 mgweigth, the current inboththe wires would
be-



11.

(a) Zero (b)4.85A
(c)4.85mA (d) 4.85 x 10-A

A proton of energy 100 ¢} 1s moving in circular
pathin perpendicular magnetic tield of 10 *T. The
cyclotron frequency of the proton in Radian/s will
be -

(2)2.80x10°  (b)9.6x 10°

(c)5.6x 10° (d)1.76 %108

A galvanometer of resistance (3 requires 2% of
the main current as current for full scale deflection.

Thevalue of shunt will be -

4 N
@) 3o ® 75
(©)49G (d)50 G

Magpnetic field ina solencid dueto current 1, is B. If
thelength and number of turns are doubled. To get
the same magnetic field the current will be -

(a)21 (b)1
(c)f2 (dy/ 4

Actoroid has aturn density n, the current is 1. Ifthe
magnetic tield inside (at axis) is B, the magnetic
tield out side will be -

(a)B (b)yB/2
(c)Zero (d)2B

A galvanometer is converted to voltmeter by
connecting -

(a)Highresistance in series
(b) Low resistance in series
(c)Highresistance i parallel
(d) Lowresistance in parallel

Anideal voltmeter and ideal ammeter should
have -

(a) Zero and intinite resistance

(b) Infimite and zero resistance respectively
(c) Both should have zero resistance

(d) Both should have infinite resistance

Very ShortAnswer Questions

Write the name of sources, used to produce
magnetic tield.

L

18.

Write the dimensions and unit of magnetic field.
Which field is produced by a moving charge.

A charge qentersa perpendicular to magnetic field
B at velocity ¥ . What will be the force on the
charge and path of the charge?

Detine 1 Amperein S.I. unit.
(Searchlatest definition at https://physics.nist. gov)

A proton is moving up word in vertical plane, it
experiences a horizontal force in North direction.
What will be the direction of magnetic tield?

A charged particle is moving parallel to uniform
magnetic field. What will be the path ot particle?

A battery is connected to diametrically opposite
points of circular coil. What will be the magnetic
field at the center?

A coil of turns N and radius R 1s opened as a
straight wire, how many times will be the magnetic
field at a distance R, compared to the magnetic
tield at the center of the coil?

What will be the distance between, two points of
inflations ofa Helmholtz coil?

Write down the mathematical form of Ampere's
circutal law.

Write down the value of magnetic field inside a
copper pipe of radius R and current I.

Why the magnetic peoles of moving coil
galvanometer, made concave in shape?

How the current sensitivity of a galvanometeris
increased?

At equilibrium what will be the position of coil and
magnetic fieldin a galvanometer?

Why cyclotron is not used to accelarate light
charged particles?

Which device you will use to produce uniform
magnetic field?

How does the period ofrevolution of'a charged
particle depends on speed and radius of circular



19.

pathinside "Dee" of cyclotron.

Write theexpression tor the highresistance used to
convert a galvanometer in to voltmeter.

Short Answer type question-

1.

10.

11.

12.
13.

14.

15.

Write down the conclusions from Orested’s
experiment.

Write down, Bict and Savart’s law in vector form.

Explain the two laws to find the direction of
magnetic field produced by electric current.

A charge enters a uniform magnetic tield at an
angle (0 <  <90° ). What will be the path of the
charge? Also find its pitch.

Find the relation between the magneticfield at R/2
on axis, and magnetic field at the center of coil.
Here R isradius of the coil.

Show how a small current loop, behave like a bar
magnet?

What is the circulation of magnetic field? Please
explain.

What is the ditterence between a current carrying

solenoid and a bar magnet?

Find the torce per unit length ontwo parallel current
carrying conductors.

Using Ampere‘s circutal law, find magnetic tield
inside a current carrying cylinder.

Show the period of halfrevolution of a positive
chargein "Dee" of a cyclotron does not depend in
theradius of circular path.

Explain the principle of cyclotron.

What s sensitivity and figure of merit of a
galvanometer? How they are related to each
other?

Find the expression forthe resistance connected in
parallel to convert a galvanometer to an ammeter.

A rectangular current loop EFGH is placed in
uniform magnetic field, as shownin the figure.
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(a) What willbe the direction of torque onloop?

(b) When torque will be (i) maximum (ii) zero

N S

S ETTR N

Essay type Questions -

1.

%]

State Biot and Savant’slaw. Using thislaw find the
expression for the magnetic field due to a finite
straight current carrying conductor. Show that for
infinitely long conductor, the field at a

o
perpendicular distanced, is & = %

Using Biotand Savart's law, find the expression for
magnetic field at an axial point ofa circular current
loopin vector form. Draw required diagram.

Describe the working of cyclotron. Draw the
diagram showing path of particle in both "Dees".
Derive expression for (1). Frequency of cyclotron
(11). Kinetic energy ofionsin cyclotron.

Derive expression for force and torque on a
current loop in uniform magnetic tield. Draw
required diagram. When the torque will be (1)
maximum (1) zero

Find the expression for force ona current carrying
conductor inuniform magnetic field. Explain the
right hand palm rule to explain the direction of
force.

Write Ampere*s circulate law. Find the expression
for magnetic field inlong current carrying solenoid.



Draw required diagram.

Describe construction ofatoroid. Find expression
for magnetic field at the axis of toroid of mean
radius # number of turns N and current I. Show
that the magnetic field out side, and in open area
enclosed by toroid is zero.

What 1s a galvanometer? Describe the
construction and working of a galvanometerusing
labbled diagram.

Describing the principle of a galvanometer, find the
expression for its sensitivity and tigure of merit. On
what factorsthese depend.

Answer (Multiple Choice Questions)

(H(©) 2(A)

3(B) 4(A) 5(D) 6(D) 7(B)

8(B) 9(B) 10(B) 11(C) 12(A) 13(B)
Very Short Answer Type -
1. Permanent magnet, current carrying conductor,

|F¥]

10.

moving charge, changein electric field.

M'eT 24 ' and Tesla.

Both, electric and magnetic field.

Force I = q(ﬁ XB)_;_ |f| = qvBsin90° = gvB
and the path will be circular.

Ifthe torce per unit length in air/vacuum, ontwo
equal current carrying conductors palced at a
distance Im, is 2x10 " N /m, thenthe current in
conductoris 1 ampere.

Search latest definition at (https//physics.nist. gov)

Inhorizontal plane towards East.

Rectilinear
Zero
. NI
A the center of coil B...= 2R and due to
. . t‘{’li]] . BCG-‘* T
ire B=210" —=Nr
straight wire, R required B
Equal toradiusof coil R,
(J.)Bd? =, 27
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12.
13.

14.

15.

16.

17.
18.

19.

Zero

So that the field is radial and deflection on scaleis
linear,

By increasing number of turns, area ot coil and
taking softiron core.

When the plane of the coil is perpendicular to B.

For a required energy more velocity, due to
relativistic effect mass of the particle and
resonance frequency changes.

Longsolenoid.

Doesnot depend. It remains constant

T 2mm
gB

r=’
7

2

—(r

; here 7, = current for full scale

deflection.

(G = Resistance of galvanometer; V = Range of
voltmeter.

Numerical Problems

l.

L

Find the magnetic tield at the center of a circular
coil of radius 8.0 cm and 100 turns, having a
current 0. 40 A,

(3.1x107'T)
Acircular coil made trom 6.28cmlength of wire

has aradius of 0. 10cm and current 1.0 A. Find
magent field at its center.

(6.28x10°71)

Along straight wire has a current 35 A. Find
magnetic tield at a distance of 10cm.

(3.5x10° 1)
Awire having current of 10 A1s on the plane of
table. Another wire in which current is 6A s just
overthe wire AB, at adistance of 2 mm. find the
mass per unit length of CD, such that it held there
by magnetic torce. What will be the direction of
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currentin CD, withrespect to the current in AB?
(m/l =6 x 10 *kg /m; oppositc to AB)

A wire on herizontal plane hasa current of 50A in
south to North direction. Find the magnitude and

direction of magnetic field at point 2.5m towards
east.

(4x10™" T downwards)
Two long parallel wires having current Tand 3Iin

same direction are4m a part. Find the point where
magnetic due to bothis Zero,

(1 cmtrom [, between them)
A proton enters a perpendicular magnetic tield of

0.2T with velocity 6.0 x10° m/sec. Find
acceleration of proton and radius of its path.

(1.15x10"” m/s* and 0.031m)

A wire with current 8 A is placed in a magnetic
field of 0.15T, at an angle 30° form B. Find the
force per unit length, and direction of force.

(0.6 N/m)

Two identical coils of radius 8cm and number of
turns 100, are fixed coaxially at distance 12cm. If
the current inthemis 1 Ain the same direction, find
magnetic field at mid point on the axis.
(8.04x107*7)
Two wire oflength 2m each are parallel and are at
adistance 0.2mfrom each other; if the current in

bothis 0.2 A inthe same direction. Find force per
unit lengthon them,

(2x10 "N/m)

A Square coil of'side 10 cm and 20turms have a
current 12 Ais suspended vertically. Ifits area
vector makes an angle 30“withuniform magnetic
field of 0.08T. Find the torque on the coil.

(0.96N xm)
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12.

15.

16.

17.

Find the ratio of the radii of circular paths traced
by an ct particle and beam of proton, entering with
equal velocity vin perpendicular magnetic field.

2
(771)

W
Radius of “Dee” of cyclotronis 0.5m. A

magnetictield of 1.7 T is perpendicular toit. Find
the maximum energy gained by proton.

(5.53x10 2.7)

Resistance of'a galvanometer coil s 12 Q, the
current required for full scale detlectionis 2mA.
How you will convert it to a voltmeter of range
0-18volt.

(By connecting 3988 resistor in series)

Agalvanometer of resistance 99 ), requires4mA
current for its full scale deftection. what you will do
to convert it into an ammeter of range 0-6 A?

{(By connecting 6.6 x 10 * Q) resister in parallel)
A 1.0m long solenoid has 100 turns. Its radiusis
1cm. Find magnetic filed at its axis, it current in it is
5A. Find the force on electron moving with
velocity 107 m/s along the axis.

(B=628x107T ¢cy F=0N)

A solenoid has length 0.5m. Its winding is in
doublelayer, eachlayer having 500 turns. Itsradms
1s 1.4 cm. Find magnetic tield at its center when
currentinitis SA.

(12.56x10° 1)



