Recitation 1

Wow, hey, look, interference!
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What we’ll do in

recitation

Review some of the things you
learned over the past week
Show you why this stuff is cool!
Practice solving exam-level
problems

Try to clear up confusion



Review: What you've done



Superposition

At the same position in space, the
value of two waves add together
(superposition)

Constructive interference
Destructive interference

Partially constructive/destructive
Phase difference simulation

Wave Interference

Resultant
wave Z

Constructive interference

Physics and Radio-Electronics

Destructive interference




Two-source interference

e Two identical coherent sources (emit one frequency)
e When the sources are farther apart, the antinodal lines are closer together
e When the sources are closer together, there antinodal lines are spread out

Sources Sources

The proximity of the anti-nodal lines in a two-point source
interference pattern is dependent upon the wavelength of the waves.




4:12


http://www.youtube.com/watch?v=Iuv6hY6zsd0

Double Slit Experiment




Diffraction Grating
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Grating
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Single-Slit Interference
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Models in Words



Young’s Double Slit Interference

mA = d sint



Models in words

Distance Diffraction
between slits || Angle of m*" order fringe

mt" order fringe

\ l / wavelength

dsinf,, = mA~

subscript- mt" order bright fringe /

In words: The multiplication of the distance between
slits and the sine of the diffraction angle of the m®"

order fringe which is equal to the product of the mt"
order fringe value and the wavelength.




Diffraction Grating Interference

Discuss with your neighbor how a diffraction grating is different from double slits

Describe in words the model for interference from a diffraction grating

Dsinf = m\



Single Slit Interference

asinb, = pA



Single Slit Interference

Diffraction pt" order fringe dark fringe
Angle of the p*" (Integer)

Width of slit order fringe

asin 9p

th

subscript- p*"* order fringe

In words: The width of the slit multiplied by the sine

of the diffraction angle of the p"* order dark fringe

is equal to the product of the order of the dark fringe
and the wavelength.




Why it’s cool



Interference can
tell us about black
holes!

Looking For Gravitational Waves

e Mirror

Mimror

- A GIGANTIC INTERFEROMETER

GRAVITATIONAL WAVE BLACK HOLE

MIRROR

SPACETIME

The light BUREOS
waves bounce
and returns:

A "beam splitter” splits the
light and sends out two
identical beams along the
4 km long arms.

Laser light is sent into
the instrument to
measure changes in
the length of the two
arms.

h’.’ -‘ "

LASER /

interferometer’s arms differently;
when one extends the other contracts
as they are passed by the peaks and
troughs of the gravitational waves.

4 A gravitational wave affects the

Normally, the light returns unchang-
ed to the beam splitter from both
arms and the light waves cancel
each other out.

LIGHT WAVES
CANCEL EACH
- .‘ OTHER OUT

BEAM SPLITTER  LIGHT DETECTOR

Beam Splitter If the arms are disturbed by a LIGHT WAVES HIT
[S— gravitational wave, the light waves -» )%@ n
’ will have travelled different distan- JHERICRIDESCEOR

! ces. Light then escapes through the  geam SPLITTER  LIGHT DETECTOR
splitter and hits the detector.

D Illustration: ©Johan Jarnestad/The Royal Swedish Academy of Sciences




The first image of a black hole

e Center of M87
e 55 Million lightyears away
e 6.5 Billion solar masses



Putting it to practice



S18 Midterm 1, Question 6

A 475 nm wavelength laser produces a diffraction
pattern using a diffraction grating of slit spacing D.
What is the range of values D can have that will
produce exactly 15 bright spots on a screen 10.0
meters awayy



1. Visualize the problem

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?




2. ldentify the equation(s) you need to answer the question

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?

mA = Dsint
# fringes = 2m + 1




3. ldentify the limiting factor

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?

What limits the maximum number of fringes visible on the screen? Theta!
What is the maximum value for theta? 90 degrees

What is the order of m so that 15 fringes are visible? m=7



4. Incorporating the limiting factors into the model

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?

What does our model look like when we incorporate these limiting factors?

Dsi1n90°? = 7\



H. Solve for d

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?

Dsin90°? = 7\
D =T\




6. Substituting values in

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15

bright spots on a screen 10.0 meters away?

D = T7(475nm)
D = 3.33m




Did we finish the

problem?

Nope

We found the minimum separation
to get 15 total bright spots

We are looking for the range of
values d can have that will produce

15 bright spots



1. Do this again for the maximum value d can be!

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?

Hint: We won’t be using m=7 anymore

Hint: We will use m=8. Discuss with your neighbors why



The answer to /

A 475 nm wavelength laser produces a diffraction pattern using a diffraction grating of
slit spacing D. What is the range of values D can have that will produce exactly 15
bright spots on a screen 10.0 meters away?

D = 8\
D = 8(475mm) = 3.80m
3.33m < D < 3.80m




How does this

Change if We used a e Tryitout!
single slit?




