| ecture 14: Astronomy Picture of the Day

Center of Virgo Cluster. .... See the human face?
Virgo = the closest cluster of galaxies at 60 million ly away ; contains> 100 galaxies



L ecture 14: Announcements

« Selected notes from lectures 11+12 +13 online
http://www.as.utexas.edu/~g/a301-sp05.html

« Homework assignment due today by noon. No late HW accepted.
* Pick up homework set 2

e Exam on Wed Mar 9
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ultraviclet blue gresn red infrared :
wavelength

the discrete emission lines are due to the emission of photons at specific
wavelengths by bound electrons that move from a high to a low energy level

the discrete absorption lines are due to the absorption of photons at specific
wavelengths by bound electrons that move from a low to a high energy level

the underlying continuum emission emitted over a continuous range of wavelengths
Is thermal radiation emitted by the body, according to its temperature T




intensity

Spectrum of a mystery planet as seen from Earth

object absorbs
blue light from Sun

cbject reflects red sunlight:
rust-colored surface

gmission lines
(UWV): hot upper
atmosphera
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CO. absorption
bhands: carbon
dioxicie atmoasphere

thermal emission peak in
infrared indicates surface
tamperature about 225 K

ultraviclet olue green red

wavelength

infrared

- Sun’s thermal spectrum (peaks at yellow A as T= 5800 K) is incident on planet .

- Planet absorbs blue A, reflects red A (due to its composition)

red planet

It also emits its own thermal spectrum which peaks at long A (due to its low T)

- (Reflected spectrum of Sun + Planet’s thermal spectrum) travel

from Planet

through Earth’s atmosphere

to us

- Earth’s atmosphere adds : UV emission lines + absorption bands due to CO,



Planet isMargdl

- Planet absorbs blue A, reflects red A : a visual wavelengths It looks red.
Surface composition: Iron oxide, rust
- It also emits its thermal spectrum which peaks at invisible infrared A =1.2 x10°> m
Wien's law: Temperature of planet T= WI/A .., = (2.9 x 103)/ (1.2 x10) = 225 K
Planet is Mars: cold (T=225 K) , looks red visually



Kirchoff’s Laws on the production of
thermal, emission and absorption spectra

Production of Absorption Lines

White light
from star

Telescope

Add Gas Cloud

Spectrum

Intensity

Wavelength (nm) &
=

Telescope 2

In-class animation : Production of Absorption lines !!



Kirchoff’s Laws on the production of

thermal, emission, and absorption spectra

Continuous Spectrum

irtensity

wavelangth

Absorption Line Spectrum

intensity

wavelength

hot light scurce

o

intensity

i |

wavelength

Emission Line Spectrum



Kirchoff’s Laws on the production of
thermal, emission, and absorption spectra

e See in-class notes for Kirchoff's 3 laws

Solar
spectrum

- Fraunhoffer observed in 1814 H and Sodium absorption lines
In the Solar spectrum. Where and at what temperature are layers
that produce these lines ?

- Also see emission lines from Ca
Where and at what temperature is the layer that emits these lines?



Doppler Shift

See in-class notes for definition and examples




Doppler Shift

Speed of Helicopter (m/s)

300 eyl 300
away from toward
observer observer

Wavelength = Frequency = ‘
|

In-class animation : Doppler shift of sound waves

Speed = 252 m/s



Doppler Shift

frain sialicnas
true wavelength; frue wavelength;
nommal pitch nomal pitch ; :
tor sound for sound light scure moving to right

HAVVAVARR T4

train moving to right

longer wavelength; > shorer wavelangth;
sound lower pitched 'sound higher pitched




Doppler Shift

The Doppler Shift of an Emission-Line Spectrum

Spectrum of Stationary Hydrogen Gas (Laboratory)

250

Wavelength {nm)

Spectrum of Moving Cloud of Hydrogen Gas
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Wavelength (nm)

Speed of Gas Cloud .rrell‘aﬁve to us)
toward us 3000 e 3000 from us

{ Moving { Moving away

kmy's ) km/s }

In-class demo: Doppler shift of light waves : blueshift and redshift



Doppler Shift

Lines at rest wavelengths
(as measured in a laboratory).

Object 1
Lines redshifted: Object is moving
away from us.

Object 2
Greater redshift: Object is moving
away faster than Object 1,

Object 3
Lines blueshifted: Object is
moving toward us.

Object 4
Greater blueshift: Object is moving
toward us faster than Object 3.




Doppler Shift

/:tar 1 is moving directly away from us,

so the Doppler shift tells us its full speed.

Star 2 is moving across our line of sight,
Earth (@ :semsenmmmmsrnmensssaapsnsnsensany but not toward or away from us. The
Doppler shift measures no speed at all.

S/
Star 3 is moving diagonally away
from us. The Doppler shift measures only

the part of its speed directed away from us.

Only the component of the velocity that is along the line of sight counts!



Line Broadening dueto Rotational Motion

o appreaching
this light is slightly blueshifted

el MNarrow spectral lines intensity
indicate that star A
rotates slowly. i
wavelength 4 wavelength

this light is slightly redshifted

to Earth
a spectral line fast rotation —_—

ontslar B this light is greatly blueshifted

intensity Wide spectral lines Intensity
indicate that star B 7T
; \ rotates rapidly. > ,ﬂ ﬂ
wavelangth wavelength

this light is greatly redshifted

receding
side

Broadening of the linewidth due to redshifted and blueshifted
velocities (along the line of sight) of rotating gas



