L ecture: October 6, 2010

Announcements.

Next Observatory Opportunity: Tonight at 7:30
Problem Set 3 Due next Monday
Second Exam October 25



Tides

tidal bulge tidal bulge
opposite Moon toward Moon
\ / -
/\ —> —> —_—> i

N Not to scale! The real tidal

bulge raises the oceans by only
about 2 meters.
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 Since gravitational force decreases with (distance)?,
the Moon’s pull on Earth is strongest on the side
facing the Moon, and weakest on the opposite side.

* The Earth gets stretched along the Earth-Moon line.
 The oceansriserelative to land at these points.



Tides
Every place on Earth passes through these points,
called high tides, twice per day asthe Earth rotates.

High tides occur every 12 hours 25minutes
— remember, the Moon moves!

The Sun’stidal effect on Earth is not as strong.
— theratio Earth’s diameter : distance to Sun is much Iess

than ratio Earth’ s diameter : distance to Moon
When the Sun & Moon pull in the
same direction (new & full phases) b

— high tide is higher than usual (spring)
When the Sun & Moon pull at right _—
angles (first & last quarter phases) new T

— high tideislower than usual (neap)  ven ‘_} ?
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Tidal Friction

* ThisTignt between ’ing
Moon's pull & Earth’'s

rotation causes friction.

. Earth’srotation slows”

net result: bulges slightly anead of Earth-Moon line

’

tidal bulges if

down (1 SeC e\/ery Earth didn't rotate

50 OOO yrS ) © 2005 Pearson Education, Inc., publishing as Addison Wesley
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e Conservation of angular momentum causes the
Moon to move farther away from Earth.



Synchronous Rotation

...Iswhen the rotation period of a moon,
planet, or star equals its orbital period about
another object.

Tidal friction on the Moon (caused by Earth)
has slowed Its rotation down to a period of
one month.
The Moon now rotates synchronously.

— We aways see the same side of the Moon.

Tidal friction on the Moon has ceased since
Its tidal bulges are always aligned with Earth.



Changing Orbhits

orbital energy = Kinetic energy + [

Jupiter

gravitational potential energy s
conservation of energy implies:
orbits can’t change spontaneously

An object can't crash into a planet
unlessits orbit takes it there.

An orbit can only changeif it Gomet orbit before
gains/loses energy from another e
object, such as a gravitational
encounter:

If an object gains enough energy so that its new orbit is unbound,
we say that it has reached escape velocity.
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6. Light: The Cosmic Messenger

Virtually all of our information about the Universe
Comes to us through light.



Power

e power: therate at which energy is used/emitted

e |t1smeasured in units called watts.
1 watt = 1 joule per second

o A 100 watt light bulb radiates 100 joules of
energy every second.



Spectrum

 \When light is broken up into its constituent
wavelengths |

* Produced by a
prism or by a
diffraction grating
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4.

Four Ways in Which Light can Interact
with Matter

emission — matter releases energy as light
absor ption — matter takes energy from light

transmission — matter allows light to pass
through it

r eflection — matter repels light in another
direction



Light

A vibration in an el ectromagnetic field
through which energy is transported.

LTS VAT

Light as awave fA=cC

A

-
o

Light asaparticle E=hf  photon



Light asaWave

A wave is a pattern which isrevealed by its
Interaction with particles.

Anatomy of a Wave

Wavelength: the distance between adjacent crests (or troughs)

half the difference in height between a crest and a trough

Frequency: the number of crests that pass through a
point (such as the leaf) each second. It is measured in
units of hertz (Hz), which are cycles per second

Blink rate = frequency
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how fast the pattern of crests and troughs moves forward

@' Definitions . Comparison
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Light asaWave

For awave, its speed.
s=fA

But the speed of light
IS a constant, c.

For light: fA =c ?
The higher f is, the

smaller A is, and vice
versa.

Our eyesrecognize f
(or A) as color!

Visible Light Waves

Wavelength Violet [N ) Red

Amplitude Low I e High

Wave shown in extreme slow motion.
Frequency |4.29 x 10" Hz

Wavelength 700 nm

Speed 3x10% m/s




Light as a Particle

e Light can also be treated as photons —
packets of energy.

e The energy carried by each photon depends
on Its frequency (color)
E=hf =hc/ A [“h iscalled Planck’s Constant]

e Bluer light carries more energy per photon.

White light

from star

Telescope




6.3 The Many Forms of Light

Our goalsfor learning:

o Listthe variousforms of light that make up the
el ectromagnetic spectrum.



The Electromagnetic Spectrum

Most wavelengths of light can not be seen by the human eye.

Electromagnetic Spectrum

Electromagnetic Spectrum

Visible

Wavelength (m)

Frequency

Wavelength (1.00 x 107 m

Speed 3x10% mis
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Light as Information Bearer

We can separate light into its different wavelengths (spectrum).

e N

ultraviolet blue green red infrared »>
wavelength

intensity
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By studying the spectrum of an object, we can learn its:;
1 Composition

2 Temperature

3 Veocity



I nteraction of Light with Matter

2 l' vy «H e Remember that each
<o Hydrogen — glectron is only allowed to
have certain energiesin an
atom.
I . cctrons can absorb light
“““““““ and gain energy or emit
— _ light when they |ose energy.

e |tiseasiest to think of light as a photon when discussing
Its Interaction with matter.

e Only photons whose energies (colors) match the “jump”
In electron energy levels can be emitted or absorbed.



Emission of Light

Production of Emission Lines
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Emission Spectra

 Theatoms of each
element have their own
distinctive set of electron
energy levels.

o Each element emitsits
own pattern of colors, like
fingerprints.

o |fitisahot gas, we see
only these colors, called
an emission line
spectrum.

Hydrogen

Helium

Lithium

Carbon

Sodium

Neon




Absorption of Light

Production of Absorption Lines

Cloud of atomic
hydrogen gas

White light
from star

Telescope
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Absorption Spectra

Production of Absorption Lines

 |If light shinesthrough a

gas, each e ement will e
absorb those photons EREERERE
whose colors match ther

electron energy levels. .

e Theresulting absor ption m T
e spectrum Nas

colors minus those that T e
were absorbed.

* \We can determine which elements are present in an
object by identifying emission & absorption lines.



Rules for Emission by Opague Objects

1. Hotter objects emit more total radiation per

unit surface area.
» Stefan-Boltzmann Law
» E=oT"
2. Hotter objects emit bluer photons (with a
higher average energy.)
» Wien Law
P Aoy = 29X 10°/ T [nm]



Stefan-Boltzman Law

L = cAT*

o = 5.67x1078 (mks units)
A is areain square meters -- often 4wR?
T istemperature in Kelvin



Wien Law

Moy = 29X 100/ T [nm]

A = 2.9X 107 / T(K) [A]



Thermal Radiation

Wien's Law: The Cosmic Thermometer

Intensity

Ultraviolet l I Infrared
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Kirchhoff's Laws

1 A hot, dense glowing object (solid or
gas) emits a continuous spectrum.




Kirchhoff’'s Laws
2 A hot, low density gas emits light of
only certain wavelengths --
= an emission line spectrum.

helium

sodium

neon
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Kirchhoff's Laws

3 When light having a continuous spectrum
passes through a cool gas, dark lines appear In
the continuous spectrum --

= an absorption line spectrum.




Kirchhoff's Laws

Continuous Spectrum Absorption Line Spectrum
= =
= D
$ 3
< -
wavelength wavelength

AV

‘ r M
- hot light source kolgasJ _

RN

wavelength

Emission Line Spectrum

intensity
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Sum it up

object absorbs object reflects red sunlight:
blue light from Sun rust-colored surface
emission lines CO, absorption thermal emission peak in
(UV): hot upper -ssion from Sy bands: carbon infrared indicates surface
- | atmosphere \”\(‘S‘:‘\, cemmmeall " dioxide atmosphere temperature about 225 K
% \\‘ AT g "~ -
5 N\
= o~
,f * i ~ ~ S
/’ s ~
,I \s -
// ~2
ultraviolet blue green red infrared >
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The Doppler Effect

1. Light emitted from an object moving towards
you will have its wavelength shortened.

BLUESHIFT

2. Light emitted from an object moving away from
you will have its wavelength |lengthened.

REDSHIFT

3. Light emitted from an object moving
perpendicular to your line-of-sight will not
change its wavelength.



The Doppler Effect

Doppler Shift & the Velocity of the Source of Sound Waves Relationship

Speed of Helicopter (m/s)

[— 09—
Sl - Speed = 72 mis
away from toward

observer observer




The Doppler Effect



Measuring Radial Velocity

* \We can measure the
Doppl er shift of emission Bwctrun of StsBonery Hydrogen Gas Lasorsion)
or absorption linesin the
spectrum of an
astronomical object.

e \Wecan then Cal CU| ate the Spectrum of Moving Cloud of Hydrogen Gas
velocity of the object In
the direction elther
towards or away from

Speed of Gas Cloud (relative to us)

Earth. (radial velocity) e 3000 n—— 000 ot

km/s ) km/s )

450 500 550 600 650




Measuring Rotational Ve ocity

approaching

a spectral line side

¢ slow rotation o s .
rom star A this light is slightly blueshifted /

Intensity Narrow spectral lines Intensity
indicate that star A
rotates slowly. A
wavelength wavelength

this light is slightly redshifted

to Earth
===

a spectral line fast rotation

from star B this light is greatly blueshifted

intensity Wide spectral lines Intensity
X indicate that star B
rotates rapidly. ,A [\
_’/l N\ '// N \
wavelength /vave!ength

this light is greatly redshifted

receding
side
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