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Solution to Practice Problem of the Day #09:

We start by modeling each conducting wire as the superpasifi two linear charge densities,
one\, corresponding to the linear charged density of positivegds and ong _ corresponding
to the linear charged density of negative charges. We aifgatethe condition that the wire be
electrically neutral means_ = —\,. We can create a non-zero current by allowing the positive
charges to move freely through the wire whilst the negatharges stay puit.

We therefore set up two infinite wires, each parallel to edblkro The lower wire has moving
positive linear charge density, moving to the right at speed, and the upper wires has positive
linear charge density, moving to the right at speed.
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We note that for each wire, we can easily connect the valudseafharge densities and charge
speeds with the current. For example, in Wire “a” we can afipdy‘chain rule” of calculus to say:
dqg dqdzx
= —= —— = v
dt dvdt T
And likewise for Wire “b”:
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In other words, the current (charge per unit time) is just¢harge density (charge per unit
length) multiplied by the velocity of the charges (length pgit time).

The magnetic field due to a wire is given by Biot-Savart for eewi

I
Bwire = Ho
2mr

We consider the field on Wire “b” due to Wire “a”: Hellg = A\,v, andr = d corresponding to
the distance between the two wires. Therefore the &eWire “b”, dueto Wire “a” is:

lyes, in real wires, the opposite hold: the negative elestraove whilst the positive ions stay put. But we have
already argued that a current of negative charges in onetidings exactly equivalent to a current of positive charges
in the opposite direction.
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Now we consider the force that results on the charges in VliiteWe know that:

F = quU X B
We note thatj, is perpendicular td,,, and so we can quickly calculate the magnitude of the force
on each charge:

\ﬁ\ = QU Bpq

Now to get the force on a length of wire with lengtlve note that the total positive charge on
the length of wire is just the length times the linear chargesity:

@ = Mol
Plugging this in:

Foo = Mpluy By,

Putting in the expression for the B-field:

:u0>\ava
Fyo = Ml
b btUp ord
Rearranging:
Fo— t0(AaVa) (Aplvy)
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And using our expression for current in terms of velocity ahdrge densities:
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