Is DC current really uniform in a wire?
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I’ll justify the assumption that /=——, so that (forr < R), B= — |=—=Jr
TR’ 2R\ R ) 2

Consider a copper wire (R = 103 m) carrying 1 Ampere.

The free charge density (mobile electrons) is p, ~10" ¢/m? (one per atom).

Because B # 0, there will be a Lorentz force on the moving electrons.
This force must be balanced by a radial electrical field — a negative
charge density near the center. That is, the electrons (and the

current density) must move slightly radially inward. | will _;L(Q
assume that the motion is small, so that J remains uniform. ¢* B

u
The Lorentz force per unit volume is: F,=JB= 7012r

J points out of the picture.
Electron motion is in.

r :
Balance this with a radial electrical field: E:p—b assuming that

280 Pyl uniform p, is the “unbalanced”
) charge that results
. . . p r from an increase of p;
The electrical force per unit volume is: F.=pE="" near the center.
280 Remember: The copper
atoms can’t move.
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Balance the forces: p—b:ﬂjzr = pl=eul = e
2 2 R Py Py
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We need to know how fast the electrons are moving.
/ am :
pva:I = v=——~10"— The electrons are moving very slowly,
pfA S because p; is so large.
0
_ 1012
Thus, p, P, 0" 10 P,

Only a tiny readjustment of the charge is needed. So, J remains uniform.

Comment: The factor of 1/c will appear over and over when we compare
electrical forces to magnetic forces.



Example: (G, 5.16)
Another problem that shows how c appears. (and also surface current, K)

A parallel plate capacitor with uniform surface
charge, *o, is moving with speed, v, as shown. o K ’

a) What is the magnetic field inside and outside
the gap?
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The surface current, K, is ov. Look at the.dashed red line.
The units of K are (C/s)/m.

Draw an Amperian loop thatSpans one plate so that K passes through it.
From Ampere’s law, Eachyplate produces B:uOK/Zz /,Loav/z, with the
appropriate * signs for above and below the plates (and the + charges).

The fields add in theigap (B=l,0Vv) and cancel outside.

K
See G, example 5.8:for the solution 7> /’
to the single-plate problem. s B




b) What is the magnetic force on each plate?

The force on each plate is K times the field
due to the other plate:
/B

— — — 1, 2
F.=KxB= (Gv)(,LLOGv/Z) = T(GV)
The force points up on the top plate and
down on the bottom plate (i.e., they repel).
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Note: F,is the force per unit area on the plates.

c) For what speed, v, would the magnetic force balance the electrical force?

The electric force (per unit area) is o times the electric field, o/2¢,, due to the
other plate: F. =-1-0". Itis attractive.

0
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Setting F, = F, yields v =-L1-=¢".

M 080

The speed must equal the speed of light for the forces to balance.




The Divergence of B

Remember Biot-Savart for a current loop:

_ I cdl xz
B(r)= 47

When we have a current density, this must be rewritten:
7(?’)><€

The ‘ reminds us that
dVol’

B(r) = [

Let’s calculateV -B:

we’re integrating over r/,
the location of the current.

¥

REMEMBER:%is the derivative with respect to the
observation point (r), not the source location (r).

—

J (F’)x»? .
- 7 dVOI, We can take V
2

inside the integral.
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Let’s look at this.
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V. _(F'Z)X’2 3.(vx7(r'))_7(r')

=0 becauseﬁ
doesn’t operate on r’.

=0

~ 7
°(:‘7:x:;5']

=0 because € is

radial and isotropic
- a “Coulomb” field.

So,

Math identity #6 inside
Griffiths’ front cover

the divergence of B is always zero. “ <———‘| No magnetic monopoles. ||

The B field lines may not have ends (magnetic charges). They must form loops.

Note that in a current-free region:

—

V.
V %

! Um

0
0

Just like Ein a
charge-free region.

This means that we could define a scalar potential, V,
such that B ——VV and V? V., =0. I won’t pursue this approach.

End 10/16/13
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