Physics Il: 1702

Gravity, Electricity, & Magnetism

Professor Jasper Halekas
Van Allen 70 [Clicker Channel #18]
MWF 11:30-12:30 Lecture, Th 12:30-1:30 Discussion




Maxwell’s Equations
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EM Spectrum
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What Travels in a Light Wave?
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Wavelength and Frequency

Frequency: f=2mnw
Wavelength: A =2m/k

w/k =c¢

f*A=c

(number of wavelengths per second = velocity!)



Imagine Traveling With the Wave

X = C*t
= wfk*t
sin(kx — wt +@)
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Concept Check

Are charged particles required to generate or
transmit an electromagnetic wave?

Only to generate

Only to transmit

No charged particles needed for either
Charged particles needed for both



How to Generate an EM Wave
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It's All Energy: AC Power Generator

Sinusoidal
voltage output

A voltage proportional to
the rate of change of the
The mechanical energy input to area facing the magnetic

a generator turns the coil in the field is generated in the

magnetic field. coil. This is. an example
of Faraday's law.
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It’s All Energy: AC Motor

Magnetic field from
"field coils" which
also have

AC current

Slipping contacts AC current
called "brushes” in coil






Generator and Motor

Mechanical energy

AC voltage applied
to motor coil through

slip rings.
Mechanical energy AC voltage
input is converted output through
into electrical slip rings and
energy. brushes.

What Goes

Back emf generated
Here?

by turning of
motor.
.l../

Generator
Voltage —

applied to
motor.



Concept Check

Imagine you transmit AC electricity with a
fixed power P through a long cable. If your
wire has some resistance, is it better to
transmit your electricity at high or low
voltage?

High voltage
Low voltage
Makes no difference



Why High Voltage?

For fixed power inputP,_ =V, |

INn-IN

Power lost to resistive heating in the line

IDlost= Iian = (Pin/Vin)zR



Power Transmission

Power plant  Step-up High-voltage Step-down Step-down
transformer transmission line transformer transformer
(substation)



High Voltage Transmission Cable




Transformers

' Result
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More than meets the eye!



Transformers

The induced voltage in
the sacondary coil is
also given by Faraday's

law: AB
Though there is a slight VS = -NS A T
loss to fringe fields, the )
magnetic field is almost
totally contained in the
iron core, and couples
around through the

When a changing voltage is
applied to the primary coil,
the back emf generated by
the primary is given by
Faraday's law:

The rate of change
of flux is essentially
the same as that in
the primary coil - so
the number of turns

AB secondary coil. i iols
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