Lecture 24: 04/16/2024

« Anhnouncements

Last assignment will be next week
Faraday’s law and inductance (Ch 13/14)
Omit Ch 16

e Last Time
The infinite formula sheet
Circular motion of a charged particle
Motor review
Ampere’s Law

e Today
Maxwell equations
Ampere’s Law



Drowning in Equations - Circular motion
update!

An electron is accelerated through a 1000V
potential in a 1 mT magnetic field. What is the
radius of its circular orbit? 5
ULJFKLQU{”\/F ?/\/+0/O+gmvf
“Too many v’s” T

=gV

)l_fzq]_iﬁq VXB Lorentz force Law

U=qV Potential energy from potential

/s
FO" " P guB ivg 5
z v 3

./_‘—'/







Maxwell’s Equations
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ﬁ E-d A= €, To calculate E for symettrical charges.

L . (s
# B-d A=0 Cannot have North magnet w/o a South pole.

AMFWQl!

B-dl= W,1 To calculate B for symettrical currents.
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ﬁﬁ-di}: dd(tp Magnetic induction! Generators! Light!




SSﬁ E-dA= E% Total flux through closed surface prop. to Q.

43 B-dl= W,1 Line integral of B prop. to current thru loop.



Electric fields are calculated with
Coulomb’s law or Gauss’s Law
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Coulomb

fﬁﬁ E-dA= endosed Gauss's Law

Magnetic Fields are calculated with the
Biot-Savart Law or Ampere’s Law

L uw, Id1xt
dB=
4 7t r2

Biot Savart

§ B-dl= Wolo oeq Ampere's Law.



Planar symmetry

Infinite

The field is
perpendicular
to the plane.

e e g e gl i

Infinite parallel-plate capacitor
ucation, Inc.

Cylindrical symmetry Spherical symmetry

The field is radial
toward or away
from the center.

The field is radial
toward or away
from the axis.

Infinite
cylinder

Coaxial cylinders

Concentric spheres



Equations of Magnetism

QVXB Force on charge Q®
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—> B= q> Field inside a wire of radius R
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B=u,nlIz Field of an infinite coil (solenoid)
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Equations from Ampere’s Law

- I .
[\ B= 0 ¢ Field of Infinite wire
27T
- Wolr~ . .
B= ¢ Field inside a wire of radius R

2R’
\/ B= u,nIz Field of an infinite coil (solenoid)
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Advanced Math Alert!! (Optional)

- - Q.
# E-dA=— EC;OSEd What's a surface integral really?
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¢ F(u,v)-AidA Vector closed surface integral

https://math.etsu.edu/multicalc/prealpha/Chap5/Chap5-5/
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dA voluine = double integral — f / f (JI y) dA
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¢ F(u,v)-AidA Vector closed surface integral

https://math.etsu.edu/multicalc/prealpha/Chap5/Chap5-5/
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Planar symmetry

Infinite

The field is
perpendicular
to the plane.

e e g e gl i

Infinite parallel-plate capacitor
ucation, Inc.

Cylindrical symmetry Spherical symmetry

The field is radial
toward or away
from the center.

The field is radial
toward or away
from the axis.

Infinite
cylinder

Coaxial cylinders

Concentric spheres



Equations from Ampere’s Law

- I .
B=-""§ Field of Infinite wire
27T
- Wolr~ . .
B= ¢ Field inside a wire of radius R

2R’
B= u,nIz Field of an infinite coil (solenoid)
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Direcuon of
integration
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All of the current is Only the current encircled
encircled and thus all by the loop is used in
is used in Ampere’s law. Ampere's law.




All of the current is
encircled and thus all
is used in Ampere's law.







Only the current encircled
by the loop is used in
Ampere's law.




A wire with radius 2 cm carries 8 Amperes
How many Amps are contained within 1 cm
radius?
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A wire with radius “p” carries “I” Amperes

How mat;}r Amps are contained within
‘)

“I”

radius “a’
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Sanity Check: What happens at r = R?




What happens at r = R?

~ It .
B= 0 ~¢ Field inside wire of radius R
T2R
Wol -

B=

¢ Field outside long wire30
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If the solenoid carries current “I” and there

are “N” windings inside the amperian loop

what is gSB-dl? | ; |
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B=u,nlZ Field of an infinite coil (solenoid) ,,



If the solenoid carries current “I” and there
are “N” windings inside the amperian loop

what is Eﬁ B-d]?

(A) I

(B) u,NI

(C) u,I/N

(D) —u,l 37



If the coil shown is 10 cm long and has a
total of 4000 windings and carries two
Amperes, what is the magnetic field inside?

e : e
\\\\\\\\\\\\\\\\\\\anﬁ\mﬁ\
(A) 0.25T
(C) 1T
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Ferromagnets, Permeability and
Susceptibility

,n1z Field of an infinite coil (solenoid)
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Recap Lecture 24

« Amperes law
e Field of a wire
e Field of a solenoid
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Maxwell’s Equations

ﬁ; E-dA= endosed To calculate E for symettrical charges.

# B-dA=0 Cannot have North magnet w/o a South pole.

B-dl=pu,I, .4 Tocalculate B for symettrical currents.

> > ()
§ﬁE-d ] = ddt Magnetic induction! Generators! Light!
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How do I avoid an infinite formula sheet -
really?

AV =— f E-d1 Definition of potential.
§ E-dA= E% Gauss Law (sphere/line/plane).
Q=CV Def. of capacitance

V=IR R= p% Ohm's Law and origin of resistance

U=qgV Relation between potential and potential energy

F=qE+qVvXB Lorentz force Law

¢ B-dl= W,1 Ampere's law (wire/solenoid/current sheegg.
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