Lecture 25: 04/18/2024

« Anhnouncements

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

e Last Time
Maxwell equations
Meaning of the math
Ampere’s Law, field inside and outside a wire
Wire loops

e Today
Earth B-field (problem 7-3)
Ampere’s Law — field in a solenoid
Magnetic properties 1






Problem 3: A power line carries a DC current of I = 23 A in a dire 't of magnetic north through an open field, in a
location where the Earth's magnetic field is horizontal and its strength is B~="0f
richard.sonnenfeld@nmt.edu

0.61G=610 uT

—
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Part (a) Calculate the magnitude of the magnetic force per unit length, F'/l, in newtons per meter, exerted on the wire due to the Earth's magnetic
field.

rI ric : A numeric value is expected and not an expression.

N/m M W\qjm‘%vo{f

Part (b) In what direction does the force on the wire act? Be aware that the magnetic field of the Earth actually behaves in the opposite manner you
would expect from a physical magnet. The Earth's magnetic field lines point from the Earth's south pole towards the Earth's north pole.
MultipleChoice :

1y
2)
3)
4)
5)
6)

— ~
—~

f') ~ )
East of North
UP =1L x 3 =
There is no magnetic force on the wire

West of South
East of South
There is a magnetic force acting on the wire, but in a direction not listed.



North
Magnetic Pole

Geographie |
North Pole







Ignore Dip Angle
Assume B-field parallel to Ear




Mount Rainier NP Central Great Smoky Acadia NP
15.6° East Mountains NP 16.3° West
6° West
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Problem 3: A power line carries a DC current of I = 23 A in a direction ¢ = 23° east of magnetic north through an open field, in a

location where the Earth's magnetic field is horizontal and its strength is B = 0.61 G.
richard.sonnenfeld@nmt.edu

Part (a) Calculate the magnitude of the magnetic force per unit length, F'/l, in newtons per meter, exerted on the wire due to the Earth's magnetic
field.

Numeric : A numeric value is expected and not an expression.

F/l= N/m

Part (b) In what direction does the force on the wire act? Be aware that the magnetic field of the Earth actually behaves in the opposite manner you
would expect from a physical magnet. The Earth's magnetic field lines point from the Earth's south pole towards the Earth's north pole.
MultipleChoice :

1) East of North

2) Up

3) There is no magnetic force on the wire

4) West of South

5) East of South

6) There is a magnetic force acting on the wire, but in a direction not listed.




If anything is NOT at right angles, draw it on the
page. Let the cross product be in or out from the

page

In general, try something. If it’s confusing, try
something else. One of the vectors will ALWAYS
be in/out of the page.
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Equations of Magnetism (units check)
F=QVXxB Force on charge Q
f: IL. X@ Force on current I

- I
F=I,L go > Force between parallel wires
TUT
\ [
— 0 q)} Field of Infinite wire
27T
= Molr . .
B= ~¢ Field inside a wire of radius R
_ 2mR
B=u,nlIz Field of an infinite coil (solenoid)
- I
B="5 Field in center of wire loop »
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Equations from Ampere’s Law

R oL 3

i
2 A o
(\-’ bl : . . :
B= ¢ Field of Infinite wire
27T
Wolr

> (T) Field inside a wire of radius R

2tR
B= u,nIz Field of an infinite coil (solenoid)

N
—

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




A wire with radius “a” carries “I”’ Amperes
How many Amps are contained within
radius “r”?

(A) I
|
(B) 2

(C) 1= (

15







17



18



)

I




/

I-----h-----

I-----—*-----

1




21



If the solenoid carries current

“I” and there

are “N” windings inside the amperian loop
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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?
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(A) 0.25T ;
(B) 0.025T(MXW")("MOQ)(’L
(C) 1T

(D) 0.1T :I% 1 B=u,nlz
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Remember magnetic moments?

2
Ampere-meter

3
II

A 2
3z Ampere-meter

36z Ampere: meter”

f'\ f'\ A A
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y Ampere- meter-

30



Dia/Para/Ferro Magnetic Materials

e DIamagnetic material
As in “Dielectric” the atomic current loops misalign
to partially cancel the field. Weak effect.

M = Y B . A~ — 107>  x=Magnetic Susceptibility

« PARAamagnetic material
Atomic current loops align to enhance field. Weak.

N/szﬁ, v~+10""

« FERROmagnet
Large groups of atomic current loops line up well to
GREATLY enhance field.

-

M=yB, y~+10,000.
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B=u,nlz Solenoid full of vacuum

x = Magnetic Susceptibility

g \\\ P
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Sl 1+ X)Mo) Magnetic Permeability § &
o
J
B=(1+%)u,nIz Solenoid full of air

1—-10"°)u,nIz Solenoid full of water

—_

B=(1+10,000)u,nIz Solenoid full of iron
_— 32
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]§:(1+ 10_6)u0n Iz Solenoid full of air
(
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What’s the magnetic permeability of iron?

n,=1.26x10"°

[ —

(A) u~1.26x10

> N

A’
s N
(B) u~1.26x10 GP
s N

(C) u~10"°"— M 7/1Ab(l’r¥)

A
N

(D) 1~10000-5
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If the coil shown is 10 cm long has a total of

4 windings, is full of iron and carries two

Amperes, what is the magnetic field inside?
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(A) 0.25T |
(B) 0.025T

(C) 1T
(D) 01T
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Faraday and Ampere in words

« AMPERE: A current produces a magnetic field
circling around it.

« FARADAY: A changing magnetic flux produces an
electric field circling around it.
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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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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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Recap Lecture 25

e« Amperes law
 Field of a solenoid
 Magnetic Materials
e Faraday’s Law

47
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