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Q. Use Biot-Savart law (d ~B = I ~dl× r̂/r2) to calculate the magnitude and the direction of the magnetic field
produced at the origin by the current wire in the figure.

SOLUTION:

Due to symmetry and superposition principle we note that the half circle part of above shape will pro-
duce magnetic field of half of that of the complete circle. The two straight segments will not produce any
magnetic field at the origin.

Expressing the magnetic field ~dB due to each infinitesimal current element by Biot-Savart law as ~dB =
(µ0Idl/4πR

2) ĵ, we find

~B =
µ0I

4πR2
ĵ

∫
dl =

µ0I

4R
ĵ
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Q. Use Biot-Savart law (d ~B = I ~dl × r̂/r2) to calculate the magnitude of the y-component of the magnetic
field produced at P by the current wire in the figure.

SOLUTION:

Due to symmetry and superposition principle we note that the half circle part of above shape will pro-
duce magnetic field of half of that of the complete circle. The two straight segments will not produce any
net magnetic field, as their magnetic fields at point P are equal but in opposite direction, therefore they will
cancel each other.

Use Biot-Savart law to express the y-component of magnetic field ~dB at P due to an infinitesimal cur-
rent element on the semicircle as: dBy = µ0Idl sin θ/8πl

2, where sin θ = 1/
√

2. Integration gives

By =
µ0I sin θ

8πl2

∫
dl =

µ0I

8
√

2l
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Q. Calculate the magnitude and the direction of the magnetic field produced at P by the current wire in the
figure. (Hint: Use the result we obtained for the infinite current wire and some reasoning.)

SOLUTION:

The semi-infinite part of the wire which lies on the y-axis will not produce any magnetic field at point
P , becuase ~dl × ~r = 0. The portion which lies on the x-axis will produce a magnetic field half of that
produced by an infinite wire along the full x-axis. Note that the contributions from all infinitesimal current
elements on the wire point in the same direction, so there is no complicated vector addition to worry about.
Thus the answer is

~B = (B∞/2)(−k̂) = (µ0I/4πl) (−k̂)

where the direction is determined by the right-hand rule.
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Q. Use Ampere’s law
∮
~B · ~dl = µ0Iencl to calculate the magnitude and the direction of the magnetic field

produced at P by the current wire in the figure.

SOLUTION:

For a straight, infinite current-carrying wire, we know from Ampere’s law that BP = µ0I/2πrP , where
~rP is the vector pointing from the wire to P .
The direction of the magnetic field for the wire on the z-axis is −k̂ × r̂P = −k̂ × î = −ĵ.
The direction of the magnetic field for the other wire is k̂ × r̂P = −k̂ × (̂i− ĵ)/

√
2 = (̂i+ ĵ)/

√
2.

Adding up the fields generated by the two currents, we obtain

~BP =
µ0I

2π

[
−ĵ
a

+
î+ ĵ

2a

]
=
µ0I

4πa
(̂i− ĵ)
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Q. Use Ampere’s Law (
∮
~B · ~dl = µ0Iencl) to calculate the magnitude and the direction of the magnetic field

produced at point P by the currents in the figure.

SOLUTION:

For a straight, infinite current-carrying wire, we know from Ampere’s law that BP = µ0I/2πrP , where
~rP is the vector pointing from the wire to P .
The direction of the magnetic field for the wire parallel to the x-axis is î× r̂P = î× ĵ = k̂.
The direction of the magnetic field for the wire parallel to the z-axis is k̂× r̂P = −k̂× (̂i− ĵ)/

√
2 = (̂i+ ĵ)/

√
2.

Adding up the fields generated by the two currents , we obtain

~BP =
µ0I

2πa

[
î

2
+
ĵ

2
+ k̂

]


