CLASS 12 PHYSICS

MOVING CHARGES AND MAGNETISM
AMPERE’S CIRCUITAL LAW

AMPERE’S LAW:
This law is useful in finding the magnetic field due to currents under certain conditions of

symmetry. Consider a closed plane curve enclosing some current-carrying conductors

- -

The line integral ¢ B - dl taken along this closed curve is equal to p0 times the total current

crossing the area bounded by the curve

¢ B-dl = pyi

where i = total current (algebraic sum) crossing the area.
As a simple application of this law, we can derive the
magnetic induction due to a long straight wire carrying
current i.

Suppose the magnetic induction at point P, distance R

from the wire is required.

Draw the circle through P with center O and radius R as shown in figure

The magnetic induction B at all points along this circle will be the same and will be
tangential to the circle, which is also the direction of the length element D/

Thus, $B-dl = §Bdl = Bf dl = B x 2R

The current crossing the circular area is i.

Thus, by Amperes law, BX2nR=poi

_ Mol
2mR

NOTE: -

Line integral is independent of the shape of path and position of wire with in it.

The statement (j)g.ﬁ =0 does not necessarily mean that B=0 everywhere along the path

but only that no net current is passing through the path.
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Sign of current: The current due to which B — is produced in the same sense as

de (i.e.E.df) Positive will be taken positive and the current which produces Bin the sense

opposite to dr will be negative.

Find the value of (j}ﬁﬁ =0 for the loops L1, Lz, L3 in the figure shown. The sense of

dr is mentioned in the figure.

for L $B.Al = (1, - 1,)
here I 1 is taken positive because magnetic lines of

force produced by I 1 is anticlockwise as seen from

top. I 2 produces lines of Bin clockwise sense as

seen from top. The sense of dris anticlockwise as

seen from top.
For Ly:$B-df =po(Iy — I, — I3)

For Ly:$B-df =0

USES OF AMPERES CURRENT LAW:

To find out magnetic field due to infinite current carrying wire

By B.S.L B will have circular lines d{ is also taken tangent to

the circle

$¢B-df=¢B-df ~08=0°s0¢$B-df =B2nR

Now by amperes law:
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Hollow current carrying infinitely long cylinder:

(I is uniformly distributed on the) whole circumference

(i) forr >R By symmetry the amperian loop is a circle.

$B-df=FBdl -0 =0

2Tr
B fo de B = const Mo current

LA

I
B = Hoo
2Tr

r<R

$B - d? = B dey(0)

= B(2nr) =0

B, =0

Solid infinite current carrying cylinder:

Assume current is uniformly distributed on the whole cross section area

current
density J=

n

I
2

—

R,
||
—
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CASE (I):r<R

Taken an amperian loop inside the cylinder. By symmetry it should be
a circle whose center is on the axis of cylinder and its axis also

coincides with the cylinder axis on the loop

§B-d¢ = § Bde = B d = B - 2mr = o —mr?

| - X T
:Lmr:%th:uM r
2mRZ 2 2

CASE (ID):

r>R$B-df =¢Bdl =B-(2mr) = g1

Mol > el N poJmR?
B=—alsoB=——(] X
21r amso 21tr Uxn) 2mr

uoRz A A

B
Ex.  Consider a coaxial cable which consists of an inner wire of radius a surrounded by
an outer shell of inner and outer radii b and c respectively. The inner wire carries an
electric current i0 and the outer shell carries an equal current in opposite direction.
Find the magnetic field at a distance x from the axis where (a) x <a, (b) a<x<b

(c) b<x<cand (d) x > c. Assume that the current density is uniform in the inner

wire and also uniform in the outer shell. (For Competitive Exam)
A cross-section of the cable is shown in figure. Draw a circle of radius x with the

center at the axis of the cable. The parts a, b, c and d of the figure correspond to the
four parts of the problem. By symmetry, the magnetic field at each point of a circle
will have the same magnitude and will be tangential to it. The circulation of B along

this circle is, therefore,

$B-d¢ = B2mx

in each of the four parts of the figure
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(a) The current enclosed within the circle in part b is io so that

ip
a2

Amperes law

$B-def = p,i gives

B. 21 x= MoloX® b _ HoloX
' a2 2Ta2

The direction will be along the tangent to the circle.

(b) The current enclosed within the circle in part b is io so that

HoloX
27X

B2nx = pyinor B =
(c) The area of cross-section of the outer shell is nc? - nb2. The area of
cross-section of the outer shell with in the circle in part c of the figure is
nx% il b2,
iy (X* ~b?)

This is in the opposite direction to the current i0 in the inner wire. Thus,

Thus, the current through this part is

the net current enclosed by the circle is

_ ig(x*~b?) _ ig(c®*~x?)
lnet = 1o — c2—b2 ~  c2—_p2

From Ampere’s law,

Hoig(c®—x?) Hoig(c®—x?)
B2nx = ——= B=——F—+
c2—b2 2mx(c2—x2)

(d) The net current enclosed by the circle in part d of the figure is zero and

Hence

B2zx=0 OrF B=0
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Ex. (a) Figure shows a cross-section of a large

metal sheet carrying an electric current along

Kdl where K is a constant. Find the magnetic

field at a point P at a distance x from the metal ONONONONONOXO,

sheet

its surface. The current in a strip of width dl is X

Consider two strips A and C of the sheet situated

symmetrically on the two sides of P (figure). The

magnetic field at P due to the strip A is BO [ONONONONO]

perpendicular to AP and that due to the strip C is

B¢ perpendicular to CP. The resultant of these two

is parallel to the width AC of the sheet. The field
due to the whole sheet will also be in this

direction. Suppose this field has magnitude B.

The field on the opposite side of the sheet at the

same distance will also be B but in opposite

direction. Applying Ampere’s law to the rectangle shown in figure

2Bl = u,K( or B :%,uoK

Note that it is independent of x.

(b) A cylinder of radius R1 have cylindrical cavity of

radius R2 as shown in the figure and have current x X

xx

density ] (down ward). Find Magnetic field when X

xX
(1) r > R1 (on x-axis towards right) x X x
xX

(ii) r <R1 (on x-axis towards left)

(iii)  when pointis in cavity

(For Competitive Exam)
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Sol. (i) r > R1 (on x-axis towards right)

Magnetic field due to big cylinder = B1

Magnetic field due to smaller cylinder = B2

_ /uoj”Rlz_l_ _ Ho J7R;
27r 27r (r—1)

Br:B1+B

(ii) r <R1 (on x-axis) towards left of center Magnetic field due to big cylinder

o jr?
B ="—

2rr
Magnetic field due to smaller cylinder

B — ﬂo(_j)”Rzz
, = 72
27r(r—1)

So net Magnetic field

H 2
B~ =B, = 2] {r——RzJ
r+

(iii) When the point (p) is in cavity

PR =r1sin 61 = r 2sin62 - (1)
And ¢ =r1c0s01 + r 2 cos02 - (2)

Horizontal component Bu = B1 sin 61 - B2 sin 02
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2
B, =0

[r,sing, +r,sin6,] From eq. (1)

Vertical component Bv = B1 cos 01 + B2 cos 62

- ”;‘] [r,cos6, +r,sin6,]

i From eq. (2)
B, =0y
2




