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Magnetism Intro

Magnetic Field:

Caused by charges in MOTION (has to be charged)
Electric field caused by charges that are stationary

Magnetic Domains:

Magnets have North and South Pole
You cannot separate poles
Magnetic domains within materials
- Magnetic atoms arranges/oriented in certain ways
- Material composed of magnetic domains which are oriented
either North-South, or other way around

Diomagnetic

- Polarized in reverse direction
Paramagnetic:

- Can be magnetized weakly
Ferromagnetic:

- Can be magnetized strongly
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Magnetic field goes backward on
z-axis, perpendicular to velocity
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Fb acts as a centripetal force
*  When perpendicular to velocity
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If velocity is NOT at right angle to magnetic field

+ Particle will spiral up

* Helix shape

+ Pitch of the helix = distance moved along the axis while
completing a full circle
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+  Pitch of helix = velocity in the direction of the axis x Time period of
revolution

FUn e T= Y- 220

V» => Component of velocity parallel to magnetic field
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Path of a moving_charge:

T)VNE (ex 01507
Particle will move in straight line, no acceleration

IIBEAN;

Particle will move in a circle, with r=mv/gB

_DI) 'V makes ana/e 8 =19, OoJI?OO WH’}\ _B>
Particle will move along a helical path with axis parallel to B

Consider a Positive lon (Mass Spectrometer):
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Accelerate the particle
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Send accelerated particle through magnetic field and E field

Current through wire :
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The Helical Path

Consider (B-Magnetic Field):
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Rotating Motor with Magnetism

T 2160 qye

Side view of the rotating rectangle with
current flowing through
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The Magnetic Field

Magnetic field at point P PRODUCED by particle :
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. + This is for single charge
A= .
I3 =
For ©9 Wire: B "zi,/{r
This is for a current
Summary:
+ To find magnetic field produced by particle at a point from the
instantaneous position of particle:
B - a ZV’(P
% = Permeability of free space
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Summary:

+ Like currents (same direction) attract

+ Opposite currents repel

* You can repeat last example for opposite direction currents

L
P J{ X X \/TF?R X X
o\ 0 L
A bit  « Yor

Forces on right and left side cancel.
e Not uniform field on left and right cus it gets
further; however, they cancel.
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Lorentz Force:
+ Force exerted by magnetic field with current-carrying conductor

B 5 (-4t

For Circular Current

Made with Goodnotes
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Solenoid:

Multiple circular currents
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Magnetic Induction

Magnetic Flux:
+ How many field lines pierce through an area
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+ Flux: @b:mm(i@
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Faraday’s Law:
+ Given a closed conducting loop with magnetic field
+ If the flux passed through it changes, then there will be an EMF

generated
«  Current will flow: EMF/r
£=""8/y,

+ Negative sign comes from Lenz’s law
- If the flux increases and causes EMF, then direction of EMF will
be such that it tries to reduce the flux
- Will also make opposing B-Field
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As magnet approached coil,
flux increases

B-Field going up is made to
oppose magnet B-field

Current goes counter clockwise

When magnet goes under cail,
flux increases

Current goes clockwise

AC Current type thing
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Fe =Fe
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t=BLy

If there was a wire for current:
Al=S /}’CO’?/Z(LT}M rod

(3 { e

X X

Magnetic force pushes
electrons downwards,
making a potential
difference

E Field Made
Eventually, at
equilibrium, Fe will
equal Fb

-5 _BLY
I—/K— K

The current causes a magnetic
field which causes an opposing
force, slowing the rod down
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1) Rod starts falling due to gravity
2) Change in flux will happen and an
opposing magnetic force will be
applied

Ex.
X
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m_ D
F
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Sequence of Reasoning:
1) Magnetic field pointing into the
board

2) Flux is changing because area

changes. In this case, area
decreases so flux decreases

E(e): BLV(E)siro
T(t)= BLV(E)si00
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3) Flux decreases, and so the EMF
wants to support the magnetic field
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Varying B Field:

Dy=540056
B vories v/ time
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Varying Orientation:
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Magnetism

Biot-Savat Law:

+ B-Field due to various configs of
current:

Finite current element Ex.

rIL . 5a@=0 .. B=©
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Circular Loop Ex.
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Semi Circle Ex.
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Ampere’s Law:

+ A good amperean path is a field line

Infinitely Long Current Carrying Conductor exam

AL Bl =8I ces@ =BIL
CB-d =8 998 = fler
’/——__-—"""_-_—_—————_—‘f:::::;9 Blev = plenc=A.T
e | S o
Anperean
Cl.r(q/'f/toap

*notice how it follows the B-
field of the current
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Wire of Current Ex.
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Solenoid Ex. T

X X X
e © e O

N turrs, Lensth L

ooyl

r‘l{
>
>

n:
Iena: DDI
65.0F = 6891 + 68T+ §89T v §B-91

LM N (Yo ol
BL B=o BLJ3

§6-d4 =BD
BD= e Teo.

BD= 4, DT
B o= 4o

Ao N L
B==


https://goodnotes.com/

Toroidal Solenoid Ex. (Solenoid turned into circle)

Inner Radius)

B = 0 b/c no enclosed Outside Loop)
current Also Solenoid because
all currents cancel
§>8-M -0
£=0

In between Area)

§>B-M = W Lo
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Finding_Flux Of Changing_B-Field (toloid)

b A
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Gauss’s Law:

Gaussian surface should be equipotential surfaces ﬁf “JA

cC)=> @erw = j(ﬁ)‘/

Ampere’s Law:

Amperean line should be B-field lines or perpendicular to it §E ﬂ

(/() =2 Ienz, = Jjj' )_;
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Flux Ex.
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For Varying Current:
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Inductors

Self Inductance: L (Measured in Henrys)

Inductance of Solonoid:

MY B, T

L
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Let A be the cross-sectional area of

a coil/turn
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Inductance of Toroidal Solonoid

) 1 JT
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Cross Section:
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Inductance of Co-Axial Cable(Opposite currents inner and outer circle):

Outside the circle (x>R)

ﬁﬁ' J/{ = //:Iem
SIenc 0. B0

Longitudal Slice

Inductance per Unit Length:
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Inductor Circuits:
Inductor has resistance

Circuit Turned on:
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When time
reaches L/R
(time constant),

current reached
63.2%
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Power Supply Removed (Circuit Turned off):

1

A

4
AN

2

Toax

loI :‘éé t(
t:O,I:Imax
Kd -.- (,: ln]‘mo\/\

L (£..) :ﬂ_f‘t
L= ect

T

N



https://goodnotes.com/

Inductors can store energy

F=5LT°
1
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Circuit Ex (Ideal Inductor (no Res.)).

t=p @, =6, [=2

L V+vi=0

QL) = Ch(os(%,:)

Back and forth between magnetic energy and electric energy

If you Add resistance to inductor:

I:

r
L9+ 1rrE-p £, [aE
L - vVLr
2

—

4

Displacement current?
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