Electricity and Magnetism

e Recap
— Forces In B-Field

e Today

— Sources of B-Field
e Law of Biot-Savart
e Ampere’s Law
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Force on moving charge

Vv

FF=qE+qVvxB

Lorentz-Force
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R=mv/(qB)

Cyclotron Radius




Work done on moving charge

# #

dw =Fg+dL
= (qV x B)-dL
- ~ (q dL/dt x B)- dL
LT :(()qd/dtx ) d
=—qgEL

Magnetic Field does no Work!
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Force on Wire carrying current |

|-
Wire
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Force on Wire carrying current |

| - dEB:dQVXE

Wire = dg dL/dt x B

| dL x B
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Currents and B-Field

|
I e Current as Source of B
e Magnetic Field lines
are always closed
P N \\ — no Magnetic Charge
*\ {\‘\_5,)//' ) (Monopole)
“ e Right Hand Rule
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Currents and B-Field
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e Solenoid: Large, uniform B inside
e Superposition Principle!
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Magnetic Field vs Electric Field

B E

Vv +Q
> —_— —

B=p/(4n) Q/r2VxXT E=1/(4 nt &) Q/r2T

W =4 mel0’"Tm/A go = 8.85 1012 C2/(Nm?)

1/(ugeg) = (32108 m/s)>=c?| Speed of Light

Deep connection between B and E Field
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Magnetic Field for Current |
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Magnetic Field for Current |

dB = /(4 1) dQ/r2 V x T for charge dQ
| =dQ/dt -> dQV=dQdl/dt=1dl

dB = p /(4 n) | dl x r/r2l Law of Biot-Savart

Magnetic Field dB for current through segment dl

For total B-Field: Integrate over all segments d!
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Magnetic Field for Current |
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Magnetic Field for Current |

e That was painful...

e |ong calculation for such a simple case
e |s there a simpler way?

e Recall Electrostatics!
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Remember: Gauss’' Law

Qmmﬂ

€0

Electric Flux ¢p — ﬁ E . dﬂ* —

/

Integral over any

Electric Charge is the
closed surface

Source of Electric Field
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Gauss’ Law

e No charge inside close surface:

Flux in = -Flux out : ® =0
e There are no magnetic charges:
 Magnetic Flux ®; =0 for any close surface
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Gauss’ Law for Magnetic Fields

dp = fﬁé-dﬂ:o

Magnetic Flux through closed surface is O
This says: There are no magnetic monopoles
Important Law — one of Maxwell’'s equations
Unfortunately of limited practical use
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Ampere’s Law

e Ampere’s idea:
Relate Field B to its Source: |
Closed Line instead of closed surface!

—

fL B - df: 0 Iﬁnm’,
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Ampere’'s Law

I Ampere’s Law helps because we
can choose integration path!

Bldli = B-d
[

0
B||ldl = B-di'= Bdi

Right-Hand rule for relating sign of dl and |
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Ampere’'s Law

I Ampere’s Law helps because we
can choose integration path!



Field of a Solenoid

XXX KK e Current |
B e 1 turns per unit length

ONONOMONONOMONO)
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Field of a Solenoid

XXX e Current |

a B b N turns per unit length
| e (infinite length)

OO © ©©O© 6 ©O|®

" \ B=po N

Loop C
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Cylindrical Conductor

| —

e Uniform Current-Density J
e Radius R

eJ=1/(x R?
r< R fLé-df=pgfencg r> R fLE'dfzﬂOIencl
B(r) ng dl = poJ = B(r)2nr = py I
B(r) 2nr = pig v = B(r) = g
(r) 2mr = ugﬁﬂ'?" o Sy,
I

r

= B(r) = no 21 R?
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