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Magnetic Fields Due to Currents

Objectives:

To study Biot-Savart law.
To study Ampere’s law.
To learn how to compute the magnetic field for a current-carrying wire.

P wnNe

To learn how to compute the force between two parallel current-carrying wires.

Biot—Savart Law

Biot and Savart found that the magnitude of the magnetic field contribution (dB) is directly
proportional to the amount of current (i) and the length of the small segment of wire (ds).They
also found that the magnitude of the magnetic field at a point (P) decreases as the inverse
square of the distance between the segment of the wire and point P.
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41t r3

(Biot — Savart'sLaw)

Example:#1

In the following figure, a straight wire of length L carrying current i.
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(a) Use Biot-Savart law to find B at a distance R from the segment along the perpendicular

bisector.

(b) Find B if the wire is very long (infinite length).
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Solution:
For a small segment (dy) of the wire:
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It is straightforward to show that:
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r =13/y? + R?

R
sin(6) = sin(180 — 0) = ————
/yZ + RZ

Substitute r and sin(0) in Equation (1):

R
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dB =
4w (3fy2 + R2)2  Am (y2 + R%)3/2
Due to the symmetry:
L/2
B = Zf dB
0
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Use the following trigonometric substitution:

y = Rtan(u)
Then
Jv = 1
y cos? (u) u
In Eq. 2
1
_L -
Kol R jy_Z cos2(u) du
2m =0 2 tan2 2ys
¥y=0 (R?tan?(u) + R?)2
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_ _ Mol . y=L/2
= j cos(u) du = e R [sm(u)]y=0
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y

Since y= R tan(u) = sin(u) = T

Then,

. . L/2
Hol [sin (u)]yzL/Z _Hol l y l
0
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(in the middle at a distance R)

B =
2mR V12 + 4 R?

b) For a wire of infinite length (long wire: L>>R)

Mo
B =
2nR

(for a very long wire)

Using the right-hand rule the direction of B is into the page

F®
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Example #2:

Find the magnetic field Bata point P 2(R,b)

B=?
L «—R —>® (R,b)

Solution:
For a small segment (dy) of the wire:

_ Mo tdy sin(6)

dB
41 12

v><
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It is straightforward to show that:

r=yb-y)?+R
R
Vb -y)?+R?

sin(@) =

Then Equation (3) becomes:
R
(b—y)*+R* _ Uo L R dy
4w (b —y)? +R??  Am (b—y)? + R332

There is NO symmetry:

L
B = f dB
0
B_fL Ho i R dy _.UoiRjL dy
o 4m (b—y)2+R2)32 T 4am ), ((b—y)*+ R%)3/

Substitute u= b — y, then dy=-du
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if y=L > u=b-L
if y=0—> u=b
B - ,uOiRJ'b"L —du
- ,uOiij du
B Uo L R [ u ]b
i e rrl,,
g o Ko iR [ b b—-L l
4T R* | Vb2 +RZ  3/(b—L)? + R?
4T R [Vb2+R2 /(b —L)? + R?
Remark:

If b=L/2, then we get the same result of the previous example. (Do it by yourself)

Example #3

Find the magnetic field (E) at C due to current-length element in a circular arc; as show in the
figure below:

Solution:
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fo idsxT
dB = —
41 r3

We notice that ds is always perpendicularto ¥ = 6 = 90-> sin(90) = 1.

Then,

ids
dB = :?0 —
Use the following identity to change the integration from ds to d@®
ds =R d®
Then,

_ Ho iRAD
4w r?

dB

o iRd® po iR (°
B = = — 1 d
,[ 4T r? Am 12 ), 0
U LRO
B =
4T r?

As we can see that r is always equal to R then:

Note: @: in radians NOT degrees
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Example #4

For the following figure, find B atP.

Solution:

The wire can be divided into three segments:

B1=0, because the angle 8 between ds and r is equal to 0; (sin(0)=0)
B3=0, because the angle 6 between ds and r is equal to 180; (sin(180)=0)
B2 can be obtained using the previous example:

Ho i(Z):Ilo i (m/2)  pot

B, = =
27 4mr R 4w R 8R

Ko i

Bnet =B1+BZ+B3=8R

The direction is into the page (use the right-hand rule).
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Example #5

Find the magnetic filed B atP.

Solution

The wire can be divided into four segments:

B1=0, because the angle 8 between ds and r is equal to 0; (sin(0)=0)
B2=0, because the angle 6 between ds and r is equal to 180; (sin(0)=0)

Hoi(z)_ﬂoi” Mo U

B = = —_ ——
3" 4nr R, 4w R, 4 R,
g, - Mo P Mo im _po b
*“4m R, 4m R, 4 R,

Ul 1 1

Bpet = — (—— —

net 4 (Rl Rz)

If B is into the page (+)

If B is out of the page (-)
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Force Between Two Parallel Currents

a
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24 ¥ _
Bao (due to ip)
/'ib
The magnetic filed due to i,:
_ .UO |ia|
ab = ond

The expression of the force on length of current-carrying wire tells us that the force on wire b
is:

P —

Fab = ibLXBab

Ho L |ia ibl

Fab = |lb| L Bab Sln(90) = od

The direction of Fw is in the direction of the cross product ZXBTH,. Applying the right-hand

rule, we find that F ,;, points directly toward wire a as shown.
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