& LGRADUATE CENTER

Astronomy 102 - Lab 9
Light & the Doppler Eftfect

Matthew Prest

www.gc.cuny.edu






?

you notice

What do




ICPS deploys  *
CubnSats' .

ICPS Earth .

disposal

ARTEMIS II

First Crewed Test Flight to the Moon Since Apollo
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The latest in Astronomy

Artemis Il mission!
® First crewed beyond low Earth orbit since 1972
e Scientific testing and instrument evaluation of new
space technology
o Biological sample testing
O Laser communication
e Setthe record for human distance from Earth, 252,756
miles (406,771 km)
® Future Artemis missions to include lunar surface
landings and preparation for extended human presence




The latest in Astronomy

Artemis Il mission!

First crewed beyond low Earth orbit since 1972
Scientific testing and instrument evaluation of new
space technology

o Biological sample testing

O Laser communication
Set the record for human distance from Earth, 252,756
miles (406,771 km)
Future Artemis missions to include lunar surface
landings and preparation for extended human presence
Wake up song tradition, chosen by friends and family of
the crew members

Song

"Sleepyhead" (Passion Pit
Cover)

"Green Light"

“In A Daydream”
"Pink Pony Club”
"Working Class Heroes

(Work)"

"Good Morning"

"Tokyo Drifting"

"Under Pressure"
"Lonesome Drifter”

"Run to the Water”

"Free"

Artist

Young & Sick

John Legend, André
3000

Freddy Jones Band

Chappell Roan

Ceelo Green

Mandisa, TobyMac
Denzel Curry, Glass
Animals

Queen, David Bowie
Charley Crockett

Live

Zac Brown Band




Sound & the Doppler Effect

Why does a motorcycle sound different when it is coming towards you vs driving away from you?




Sound & the Doppler Effect

Why does a motorcycle sound different when it is coming towards you vs driving away from you?
e The Doppler Effect!
e Sound waves in front are compressed by the moving object, while sound waves behind are
stretched. This changes the frequency of the wave which we hear as pitch.
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Doppler Effect & Light

The same thing happens with any wave, including light!
e Forvisible light this causes colour change aka “Red Shift”
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Doppler Effect & Light

This can affect Emission vs Absorption Spectra
e If we know the substance, and we measure the spectrum we can learn how fast it is

Hydrogen Absorption Spectrum

x| |

Hydrogen Emission Spectrum

700nm

H Alpha Line
656nm
Transition N=3 to N=2




Pearson Self-guided Tutorial

Launch the self-guided tutorial and follow along!

' Planet orbiting a star

Stars orbiting the center of a
galaxy

Galaxies moving away from

Binary star system

each other
@ Play




Pearson Self-guided Tutorial

Make a Prediction

Feel free to change your prediction
this tutorial. To do this, select the predict
corner of the

How do you think a traditional radar gun is able to
determine the speed of a moving car?

(O The speed of the car is determined from how much
the speed of the returning radar beam changes.

(O The speed of the car is determined from how much
the wavelength of the returning radar beam changes.

(O The speed of the car is determined from how much
the intensity of the returning radar beam changes.

O A radar gun can't be used to determine the speed of
the car, only the distance from the car to the radar
gun.




Pearson Self-guided Tutorial

Pitch and Frequency

The pitch of a sound depends solely on the
sound's frequency: the higher the frequency, the
higher the pitch.

This means that the observed frequency of the
sound wave emitted by the car is higher when the
car is traveling toward you, and lower when the
car is moving away from you.
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Pearson Self-guided Tutorial

Spectrum of Stationary Hydrogen

In the previous example, the source of light (the
laser) emitied radiation having only one
wavelength. If the source is emitting light with
more than one wavelength, each wavelength will
be Doppler shifted.

For example, the spectrum of a hot hydrogen gas
contains several emission lines. If an interstellar
cloud of hot hydrogen gas is moving toward us,
the wavelength of each emission line is
blueshifted (each wavelength will be smaller than
the equivalent line from a stationary gas cloud of
hydrogen).

Spectrum of Stationary Hydrogen Gas (Laboratory)
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Spectrum of Hydrogen Gas Cloud Moving Toward Us
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Pearson Self-guided Tutorial

Absorption Lines

Absorption lines can also be used to determine " - Hydrogen
the speed of an object. For example, if a cold Gas Cloud

intergalactic hydrogen cloud is between us and a ’
19 yarog - Quasar To Earth
bright source emitting a continuous spectrum, we

will see absorption lines. These lines will be .
Doppler shifted if the cloud is moving with respect
to us.

Spectrum of Quasar and Hydrogén Gas Cloud
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Reminders

1. Complete the Tutorial first!
® This is best done now in class where | am available to assist
Attempt the essay questions last!
e These should be based on what you have covered in the tutorial.
1. Previous week’s lab report due at the beginning of the next lab!
e Final grades are based on best 6 online labs plus each of the 4 in-class labs
1. Grades will be posted to Brightspace
® Check now that you have access to our course!
e Grade feedback will also be provided on Pearson, please check as this is the best way
to improve your future grades!
1. Office hours
e Office hours are available on Zoom Mondays 4-6pm (same zoom link as class) as well
as by appointment either in-person on or zoom. Come say hi, I’'m here to help!

|~

Any and all questions are welcome!




