Reading Question

A. Light isia wave, like sound only much fasier.

Light isilike litTle particles. Each one is a
photon.

C. Light is the absence off dark.

D. A Kind of energy we model with some of fhe
oroperties off wavesiand some properiies oif
particles.

E. Light is the sensation you feel when hif by
energy, visible or invisible.
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Gamma-Ray >100MeV (CGRO, NASA) G‘“'“"“‘VEé:ETG":g)‘"- GSFG: X-Ray 2-10keV (HEAO-1, NASA)
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X-Ray 0.25, 075, 1.5 keV (S. Digel et al. oo ) Bonne et.al.(GSFC), NASA)

GSFC, ROSAT, NASA) Visible (Axel Mellinger)

Radio 1420MHz (J. Dickey et.al. UMn.  Radio 408MHz (C. Haslam et al., MPIfR,

Infrared (DIRBE Team, COBE, NASA) NRAO SkyView) SkyView)



M1 - The Crab Nebula

Distance: 6300 light-years (1.9 kpc) Image Size = 6.5 x 6.5 arcmin

Ultraviolet: ASTRO-1 Visible: DSS Visible: Color VLT

Near-Infrared: 2MASS Mid-Infrared: Spitzer Far-Infrared: IRAS Radio: NRAO

The Crab Nebula (Messier 1), located in the constellation of Taurus, Is a supemova remnant (SNR), the result of a

cataclysmic supernova explosion in the year 1054. This explosive death of a star was so bright that it could be seen in the
daytime sky for 23 days, and was documented by astronomers throughout the Far East.
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X-Ray: Yohkoh Ultraviolet: SOHO-EIT  Extreme UV: SOHO-EIT
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Visible: White Light BBSO Visible: Calcium-K BBSO Visible: H-alpha Learmonth




The Electiromagnetic Spectrum
Properties off Light;

Lighttiand Matter:

Propertiesiof Matter

Three types of Spectra

Whait we canilearn

The Doppler Shiift

Our Milky Way: ini different lights



> Light canibehave like a wave

- Frequency, wavelength, amplitude

> Lightli can a

- Photons =
energy

so behave like a particle
ittle bundles (bullets) of:



Wavelength is the
distance between peaks

YWavelengtn can be measured
N any length unit. Ex: m, nm,
A (Angstroms)

Iypically represented as

For different types ol light, this
can be many. meters or;
smaller than atoms



Wavelength is the
distance between peaks

Frequency is the number
of times (per second) that the
wave moves up and down

Frequency Issmeasured in

Hertz (cycles per second).
Represented as

Iihe higher the frequency, the
MOre GYCles pass per second



Wavelength is the
distance between peaks

All light travels with
a constant speed

Speed of light often
representediby; -

¢ = 300,000 km/s

c = 3x108'm/s

Frequency is the number

of times (per second) that the c =671 ,OO0,000 mph

wave moves up and down



Thought Question

A, If-wavelengthiincreases), soidoes frequency. (direct
relationship)

B I wavelengih increases, frrequency. decreases(inverse
relationship)

C. I dependsionithe speediofi thelightiwave

D. It depends;onwhai type of light:we are usinhg (e.g. X-
rays Vs ulfraviolei vsiradio waves:..)

E.  They arenit related



Wavelength is the
distance between peaks

All light travels with
a constant speed

Frequency is the number
of times (per second) that the
wave moves up and down

* e shorter the wavelengthi, The higher the frequency.
=Think off the frain



Reading Question

Blackbody: radiation:

Elecironienergy level firansitions; in ah atom.
The Doppler shif off rapidly moving ebjects.
High frequency electromagnetic waves.

Mo & W >

Protensiand neutrons spinning inia charged atom.



Thought Question

A, If-wavelength increases; sordoes! firequency. (direct:
relationship)

Bl If-wavelengih'increases, frequency decreases (inverse
relatfionship)

€. I depends on fhe speed off thelighirwave

DI I depends on'whai: fiype of light:we are using (e.g. X=
rays Vs ultravioleivsiradiorwaves:..)

E hey arentt related



* Light can alsoibe modeled as a parfticle
—>  photon’ (NOT: proton!)

> A photton is a mass-less particle of
electromagnetic radiation energy



Each photon has an energy
proportional to its frequency

PRoton Planck’s ,
=~ = . . X lrrequency
Chergy. Constani



Remember:camedns s
proporional ios

Higher Frequencies
S mmmmd \\ORE ENERGY.

Shorter Wavelengths

UV or X-rays are more dangerous than visible or infrared light



Emission
Absorption

Transmission

Reflection/Scattering



Emission - matter releases
energy. as light

Absorption

Tiransmission

Reflection/Scatitering




Emission - maiiter releases
energy asilight

Absorption - maiter takes
energy. from lighi

Niransmission

Reflection/Scatitering




Emission - maiiter releases
energy asilight

Absorption = maiter fakes
energy: fromilighi

T'ransmission - matter
allowsilight: o pass' fhrough
I

Reflection/Scatitering
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Four Ways in Which Light can Interact
with Matter

Emission - maiier releases
energy asigni
Absorption —maiier fakes
energy - rrom lighi
Jiransmission = maiger
dllowsHligni torpass througns
T
Reflection/Scattering -
mattier repels light in
anotiner direction




Colors of Lignt

ade upiofi ma yd




' A)

I'nougnt Question

What will nappen to the spectrum in

of the room If | put a red filter into the b

) -

A. Blle gets through, fne oifner colorsidisappear
D) r),/J >t+e +throtiah +he other J ’:‘J‘:""r ,
5L Red getsithrolgh), fhe oifner colors disappear
C. Allitine colors tiurn red

D Red staysired, builsfne restfurniwnite
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['j-dependsionwnichiside of; fhe grafing L puithe rediiter



I'nougnt Question

VWhat color would a
pure red JJJ(

ure blue object look If
5 snined on 1t?

SIS
=
i

Y W
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Purple

White

lack
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Thought Question

When compared to light, lIght IS:

. Longer wavelength
Lower Frequency

Higher energy photons
. Faster photons

Mmoo ® >

None of fhe above



We can separate light: into its different wavelengths

-
&
L]
€

infrared ———————————————p

ultraviolet blue green red
wavelength

© 2005 Pearson Education, Inc., publishing as Addison Wesley

By studying the spectrum off anebject, we can learn
1S

s Composition

e lemperature

s Velocity



First, a quick review of atoms



. Electrons

> Proions

» Neutirons

= Protons determine element:

> Neutrons+Protonsi held together ininucleus
by’ stirong fiorce

> Generally'N_protions=N_Electrons
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* Afomsiare made up of
protons(+), neutirons (0)
and electrons(-)

s Electrons move in
different energy states
around the nucleus

" Some elechirons iniagiven
atiom nave more energy
Than ofhers.

These energy states are quantized’—
there are only certain energies that
the electrons are allowed to have.
Thisis



ionization level

Lower: level is lower: level 4
energy. (fhink of level 3
stairs) i

Unitsi electronvolt
(eV) TIENY!
- 1 Calorie = 3/ x 107%eV.

level 1

(ground state)

Copyright © Addiscn Wesley




free electrons

s Elecirons can move B
between levels if:
They are given or
lose the exact
amount: of: energy.
corresponding o
The

level 4

*If-an electron gets
enough energy, hine
electron will fly

firee Example: Energy jumps A & € resultin the
electron , B&E ,
and D & E F

withran energy gain of 23.4. eV



PHOTONS!

> The energy
change betfween
levelsiis equal 1o

ionization

* Larger energy.

Jumps will be
wavelengtin
phOTOHS 4101 434.0

() nm nm



intensity

wavelength

Emission Line Spectrum

intensity

wavelength

Continuous Spectrum " -

intensity

wavelength

Absorption Line Spectrum



1) Hot

2)Thin,
(Compared to
background)

3)Continueus
SpPectrum
viewed
through'a

(Compared to
background)

2> 2005 Pearson Education, Inc.. leching as Addison Wesley
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intensity

hot light
source

wavelength

Continuous Spectrum

solidsi(or dense liquid): Emit a confinuous
rainbow: off light

Radiation (‘or 2lce lJc|2Radiation)



IHoiter objects peak ai
wavelengths
(photons with a shorter

wavelengith, higher
firequency, and higher
average energy.)

- Wiens Law

15,000 K star
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Planck’s curve

energy output ¢ temperature *

1
temperature

peak wavelengih ¢

B - hot star

. —warm star
B - cool star

wavelength —»




Thought Question
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1 4
= Power (eznergy s )x AT

1 square meter emits %

oT* watts [

For a spherical star of radius R,
the surface area Is

Thue, L R
or




> Classic example: red
hoili pokers:

>

AS| Temperaiure
Increases:

— - /wWhite




Some Blackbody Temperatures

Region Wavelength Energy || Blackbody Temperature
(centimeters) (eV) (K)

Radio > 10 <1073 <0.03

Microwave 10-0.01 102 -0.01 0.03 - 30

Infrared 0.01-7x107° 0.01-2 30-4100

Visible 7x10°-4x 1073 2-3 4100 - 7300

Ultraviolet 4x%10°-107 7300 -3 x 10°

X-Rays 107 -10° 3x109-3x 108

Gamma Rays <10°? >3x 108




Humans in the Infrared




ntensity

ultraviolet blue green red infrared ——————pp
wavelength




cloud of
gas

2
D
-
2
£

wavelength

Emission Line Spectrum

" Emission for thin, gas: Gasiglows: in'specific
colors.

— Colorsi represent: electrons falling down™ energy: levels
- This is a FINGERPRINT of the elements in the gas.




Thought Question

02

O

. Hoii gasesiglow! brighter than cold gases

The electrons need fo be in highenergy
levels

Hoit gases give off higher energy photons

Cold photonsidonii have enough energy. o
make it here fo Earth

Hoi things glow, cool fhihgs don't.
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m A
wavelength (nanometers)

Copyright © Acciaon Wesley

Spectrum shows bright
emission lines from

TThe Crab nebula: :
various elements

remains ofian
exploded star
(supernova)
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Y  ‘cloud of) Uv 2
hot light 25 ‘
source s prism wavelength
Absorption Line Spectrum
> Hot' object viewed tihrough gas: Dark

lines on top off a rainbow

~ Gasi can only absorb photions
10 move electrons to excited states



cach atom nas a different set or
energy levels

- Jiusi like no two r)/or)Jf averfne same fingerprinis,
o fwol elementis have fne same emission specirum

Carbon

A .

Nitrogen

Neon

i

Magnesinom

e




Thought Question

A.  The atom will're-emit: the photon ati different:
wavelengins:

B) Ihe gas hasnit been heated Up enolgh fo emiii photons.

C.  Theelectron will'stay al e higher energy:level
fiorever:

D.  @nce the photonihas beeniabsorbed, it istlosi and
converited 1o heat:.

E. When the atiom re-emitsithe phofon it may noi: be
emitied fiowards us.



intensity

wavelength

Emission Line Spectrum

intensity

wavelength

Continuous Spectrum " -

intensity

wavelength

Absorption Line Spectrum



* LLet’s use its spectrallinformation o
determine what this object is.
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ultraviolet blue S
wavelength

Contiinueus; Spectrum:
Spectrum of visible
light is like The Sun's
except that some of
the blue light has been
absorbed
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ultraviolet blue green INFrared s——

wavelength

Continuous Spectrum:
Must be a solid object
with peak emission at
a wavelength
corresponding to a
temperature off 225 K
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ultraviolet blue green INFrared s—
wavelengt

Infrared Absorption
Lines: Absorption lines
are the fingerprint: of
CO; gas
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A
ultraviolet blue green INFrared s——

wavelength

Ultravioled Emission
Lines: Indicate object is
surrounded by a hof:
upper: layer of gas



train stationary

el

NETEE

a The whistle sounds the same no matter

where we stand near a stauonary train

train moving to right

L] le'H FIITh

e N N el

b For a moving train, the sound you hear

depends on whether the train s moving
toward you or away from you.

light source moving to right

LAV ww“

¢ We get the same basic effect from a
moving light source (although the shifts
are usuzlly 100 small to notce wath our
eyes).
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Think of the freeway at night!

fhe /. lightis are
goling away rrom you

The -|[I- white
ighttis are coming
towards you




Laboratory spectrum
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Figure 5.23 lnwracive Figuew, Spectral lines provide the crucial refer-
ence points for measuring Doppler shifts.




Star 118 moving directly
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Figure 5.24 Inweractive figerey,  [he Doppler shift tells us only the
portion of an object’s speed that is directed toward or away from

us. It does not give us any information about how fast an object
IS moving across our line of sight.




slightly blueshifted

so this light is
)

and this hght is

slightly redshifted

.50 this light is
greatly bluaeshifted

4

and this |uvf;,’ IS

greatly redshifted

A spactral line from

Star A is narrow.

A \\"“(-‘0., )' hine from

Star B i1s broad

8causs 'I‘J/” fr om

.zw'sf.‘rr.::wr parts 1s shifted

only shghtly from center.

because t'ql" from
'1".#(9-“'{”'"'\ 1$ shifted

farther from center.




X-RAY FLUX
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Doppler lecnhnique

stellar motion caused
by tug of planet

starlight starlight
redshifted blueshifted

Measuring a stars
Doppler shiift can vell
Usiitsimotion toward
analaway. firom us
Clrrents tecnnigues
can measure moiions
as small as i m/s
(walking spe 45“}



