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Ampere motor demo

B = magnetic field

| = current

Clicker

If the metal cylinder is reversed, the force on the
cylinder will:

A) Reverse direction
B) Stay in the same direction

C) Gotozero
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Electric generators

Moving charges feel magnetic force
Moving charges generate magnetic fields
Electric motors

Magnetic induction and electric generators



Induction of current in

moving wire

(animation)

Discovered by Michael Faraday!
(mathematically described by James Maxwell)

If charge in a wire is moving
perpendicular to a magnetic field,
then the force on the charge is
along the wire.

This force does work, and work
per unit charge is voltage.

Therefore, any change in the
magnetic environment of the
wire will cause a voltage (and
current) to be "induced" in the
wire.



Electric
generator

If the movement of the
wire is in the form of a
rotating coil, then the
two sides of the coil
move in opposite
directions.

Since the rotation
produces different
directions of motion at
different points on the
circle of rotation, the
voltage generated is
sinusoidal — produces
an alternating current
(AC).




Simulation: Generator

https://phet.colorado.edu/en/simulation/legacy/faraday


https://phet.colorado.edu/en/simulation/legacy/faraday

Efficiency of motors and generators

Energy conversions:

Electrical = Mechanical: Motor

Mechanical = Electrical: Generator

.

/\.’.i—-ro
M

~

ut  (Temperatures Does it

ax Efficiency =
T

NOT A THERMAL ENGINE! \No./

measured in K) apply?
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Types of magnetic induction

 |Induction of current in a moving wire

FORES - v
O

 |Induction by moving magnet and
stationary wire
 |nduction with nothing moving!
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Types of magnetic induction

Faradays Law of Induction

Kieran Mckenzie

Moving wire, Stationary wire,
stationary moving magnet
magnet

12



Types of magnetic induction

Stationary wire,
stationary magnet!
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Faraday principle

* Induced voltage depends
only on the rate of change
of the magnetic flux
through the loop

* Changing magnetic fields
generate circulating electric
fields

14



Faraday Coils

If the coil is flipped upside down
before lowering onto the magnet,
the current meter deflection will:

A) Reverse direction
B) Stay in the same direction

C) Go to zero
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Faraday Coils

If the coil is flipped upside down
before lowering onto the magnet,
the current meter deflection will:

CA) Reverse direction )

B) Stay in the same direction

C) Go to zero

16



. Maxwell
Faraday principle

principle
Changing magnetic Changing electric
fields generate fields generate
circulating electric fields| | circulating magnetic
fields

%/—/

Electromagnetic waves!
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Chapter 9:
Waves and Light

e \Waves:

— What is a wave?
* Examples of waves: Sound

— Is light a wave?
* YES!

—Properties of waves
* Frequency and wavelength
* Interference

e Diffraction

18



Definitions

Vertical Wavelength = A Amplitude
position
of the
Slinky @
\ i
A
Undisturbed
position

Wavelength: Distance from crest to crest

Freqguency: Number of complete oscillations per second

Amplitude: Height (strength) of the wave

19



Wavelength and frequency

Vertical

position
of the
Slinky

crests
. Wavelength=A /

/N
v
\\l/

A

7 Undisturbed
troughs / position

Wavelength is proportional to inverse of frequency

To be more precise:

(Speed of the wave) = (Wavelength) x (Frequency)

\ Depends on tension in the string

20



Transverse and Longitudinal Waves

Motion of medium

Motion of wave
»

)

“transverse wave’

Motion of wave

“longitudinal
wave”

: Stretched region = Compressed region
M

Motion of medium 21



PHET demonstration: Waves on a string demo:

l About... I Preferences...

tension _|Rulers
Ti
U_U_ [llll|ll[’l| S
Damping low high Show Help

O‘MQOOO
————————————————————— /\,
 Fixed End B
* Manual _ Loose End
_ Oscillate * No End
__ Pulse
Reset

pause/play step
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https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html

PHET demonstration: Waves on a string demo:

Oscillatory waves

[ About...] Preferences...l

tension j%ulers
Lm w w [lll|||l(’|| 2
Amplitude  Frequency Damping low high Show Help
il |
(?0‘ 099 Y
L L ° .OO o oo“o‘o o
TN TN TN
®000" 9900 000 209

_ Fixed End
i _ Manual _Loose End
O * Oscillate s No End
@ Pulse
Reset :
pause/play
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https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html

Demos: Transverse Waves

With a slinky:

24


https://drive.google.com/file/d/1dLEs83pw0FOei1TCg7vUVAWN8qx7ga3Q/view

Demos: Longitudinal Waves

With a slinky:

25



Standing waves

Wavelength

A standing wave is combination of two waves moving in opposite directions, each
having the same amplitude and frequency.
It is a result of interference of the two waves:

* waves are superimposed, and are either added together or cancelled out.
The standing wave modes arise from the combination of reflection and
interference such that the reflected waves interfere with the incident waves.
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PHET demonstration: Standing Waves:

| About... I Preferences... I

E tension | Rulers
Ti
_LL“_-LI‘IJ Ll_u [||||||(£’|| e

Amplitude

Frequency Damping low high Show Help

°e (s} Qg e®0
@ 00 Oo ® .0 > 2 s
@ Y @
® e o - %
e e N e e e e T @--——-——g-—-——--- - -
@ ® @ ®
e @ °o o oo s 3 ¥
0e® 00® 0e® 0“0
» Fixed End
_ Manual _ Loose End
° s Oscillate 'No End
Pulse
Reset
pause/play
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https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html

Demo: Standing Waves

28



Standing waves

Stringed
instruments

Harmonics

29

Higher frequency



Clicker

| pluck a string on a guitar, then tighten the string and
pluck again. What happens to the motion of the guitar
string? (Not the sound waves in air...)

A) The wavelength increases
B) The wavelength decreases
C) The frequency increases

D) The frequency decreases

E) The frequency and wavelength both change

30



Clicker

| pluck a string on a guitar, then tighten the string and
pluck again. What happens to the motion of the guitar
string? (Not the sound waves in air...)

A) The wavelength increases
B) The wavelength decreases

C C) The frequency increases )

D) The frequency decreases

E) The frequency and wavelength both change
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Clicker

| pluck a string on a guitar. Which is true?

A) The string wavelength and the sound-wave
wavelength are the same

B) The string frequency and sound-wave frequency
are the same

C) Both of the above
D) Neither of the above

32



Clicker

| pluck a string on a guitar. Which is true?

A) The string wavelength and the sound-wave
wavelength are the same

(B) The string frequency and sound-wave frequencD

are the same

C) Both of the above
D) Neither of the above
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Sound waves

“longitudinal
wave”

Sound waves:

e Medium = air

v - . * Waves = density variations

RarefIction T No,mTa, aik Do air molecules move with

_ pressure the wave?
Condensation

34



Speed of sound in air

Speed of sound = 1100 ft/s = 340 m/s

5 second rule for lightning/thunder

Middle A=440 Hz (1 Hz =1 cycle/s)

What Is its wavelength?
(Speed of the wave) = (Wavelength) x (Frequency)

0.77 m=25ft

35



Demo: Sound Waves

36


https://drive.google.com/file/d/1fZFDPvc-sPT6fAaAi4YPuGaMwEcV7Z3s/view

Sound: Open and closed tubes

’f‘\\/\.
\/“\- 3

n=3

i Vil gl 7000

LN s

Demos:

 Whistles
etc.

 Flame tube
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Clicker

If we turn up the frequency of the sound in the flame

tube, what happens?

A) T
B) T
C) T

ne wave

Ne wave

ne wave

engt
engt
engt

N increases

n decreases

h stays the same

38



Clicker

If we turn up the frequency of the sound in the flame

tube, what happens?

A) T

ne wave

engt

N increases

CB) T

Ne wave

engt

n decreases

)

C) T

ne wave

engt

h stays the same
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Bat

Beluga whale

O]

Hat

Chicken

Bullfrog
=heep
Diog

Tuna

Cat

oy

Soldfish

Hurman

10

100 1000 10000
Frequency Hz
ﬁ
Piano

100000

100000

ﬁ

Ultrasonic
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Medical Ultrasound

technology

Newer
technology



