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Biot-Savart Law Exercise: field in center of clockwise circle of

current, of radius R, lying in the x-y plane.
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Exercise: what’s the contribution of just a third of the circle?




Biot-Sava rt LaW Example: field due to a line segment of current

(in terms of angleg and |r|)
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Biot-Savart Law Field of Finite Wire
A (Book’s approach)

Observation location
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Biot-Savart Law
L ldl’

4B (r) -

47

(2

2

N

(2

Exercise: field at center of square, of side a,

carrying current /
a

Example: field due to a line segment of current
(in terms of angleg and |r])

B(F)= f—;z—rl(sin(aL )—sin(ag ))&






What's the magnetic Tield In the center ot a sphere with charge

density protating aboutzatw..
- dB( ) Uy |d| X" _&Idl X%

p () = p,sin(8) R TR

so, we want to figure out exactly what dIdl is, what ©
dr’ is, and what their cross product is, then what # is.
N rav One way of approaching dldl is that it’s really Vdq, A
rin— sin(7)d¢”  since that's rotating at constant rate V = o(r'sin )¢

\ | 7 — y and the bit of charge is dq = pd7’. In our case,
dg = (p, sin@)(r'?dr'sin 6dod )

So putting together didl = vdq=vVpdz' gives us
didl = (a)r’sin 0’¢3Xp0 sin@’)(r'2sin d 0’dr'd¢')

=?X r'cos¢’sin Qk r'sing’sin H\Z\—r cosd")

For the sake of doing the cross product, we’ll want to say ¢3 = <_sin ¢',COS ¢',0>



What's the magnetic Tield In the center ot a sphere with charge
density p rotating about z at .
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What's the magnetic Tield In the center ot a sphere with charge
density p rotating about z at .

ldl'x2 , 1dlI'x%
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» didl = p,cor®sin® 9d@dr'd¢'s

. r'd@ _ _ _

X FAR__rsin(0)d g % =—r'(cos¢'sin &'sin ¢'sin &',cos &)

K ---:::::::ZZ::=-- y ‘;t‘ = r’
K $=(-sing',cos¢',0)
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Putting all this together,
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B(0)= —j‘—;poa)j (r’sin3 0d H'dr’d¢’Xcos ¢’ cos @K% +sin ¢' cos 8§ —sin 6%)
Symmetry tells us there will only be a z-component in the end, so skipping the other two:
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What's the magnetic Tield In the center ot a sphere with charge
density p rotating about z at w.
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" B field of loop — on axis 7=(00,2)
AB— 2,70[ Al ;Xi: 2,70[ Al ;X’Z
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B field of loop — on axis

By Symmetry (could do math, but why bother)
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In special case of z =0, reduces to...



X Biot-Savart Law
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Biot-Savart Law
of a disc of nested Loops (on aX|s)
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Biot-Savart Law
of a disc of nested Loops (on axis
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Exercise: translate into integral of trig function of a.
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Exercise:
dISC of unlform surface charge density, K, spinning at ®
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Recall: K :d_l = dl =Kdl,

Where dILis a small step perpendicular
to current flow, i.e dr’
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From the homework that you’ve just done, K =0oV=ocar so, dl = oor'dr
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Helmholtz Coils |
g(Z)Hc — g(z)loop.top + é(z)loop.bottom C/},T
= |R2 ,‘ |R2 bs. location
B(2) =% 2+l g P
((z—z’)erRZ)2 ((z+z’)2+R2)2

N

N>

B>(Z)Hc :ﬂ_zole . 7 T . 3
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Why they’re useful
dB(z),. _ g2 (0-2') . (0+2') <o
dz |, ((O— 'Y + RZ)2 ((O+ 'Y + R2)2
and
d’ i(i)HC =0 1fz=*/, Produces fairly uniform field near middle
Z z=0




Helmholtz Coils ¥z =%/, field in the middle: (z =
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