The Nature of-Light .




Ole Roemer (1676)
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The Speed of Light
~ Accurately measured in a vacuum:

186,282 miles per second!

11 million miles per minute

671 million miles per hour

5.9 trillion miles per year
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Light year

The distance a beam of Ilght will travel
In one years time.

5.9 Trillion miles

5,900,000,000,000 miles
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Thus, looking into space is to travel in a time machine




How does light travel ?

|Saac Newton
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Light must behave as a Dacket of
_energy...
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Light must behave as a packet of
energy...




How does light behave?

Thomas Young
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Dark fringe Bright fringe
Screen

Duuhle slit

& nght must behave like
ay et a wave of energy...

Light source
(single wavelength)




James Clerk

What js light? | Maxwell
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What we commonly refer to as “light” is actually
the combination of electricity and magnetism.

ELECTROMAGNETIC  ENERGY
ELECTROMAGNETIC RADIATION




- Wave Mechanics




—® Moving in this direction at speed of light

Wavelength (I )

n The distance between two successive wave peaks or
_valleys

n Wavelength for light is measured in Angstroms

where 1A = 10-1° meters




Electromagnetic Wave

B Magnetic field
Electric field




. Range of wavelengths for visible light:. -

7000 A — 4000 A




——» Moving in this direction at speed of light

Frequency (n)

_The number of cycles per second that pass a
given point. '

Hertz (Hz)  *where 1Hz = 1 cycle/second




Wavelength »| Longwave

il

Shortwave

“Unit of time Wavelength







How are wavelength and frequency
related?

Speed = wavelength x frequenqy




Wavelength ( R ) ——

Visible Light
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Radio
| FM Radio
AM Radio 88 MHz — 108 MHz

540 KHz — 1650 KHz 11.21t-9.2 1t

Television
1825 ft — 598 ft 1 GHz — 100 GHz

1 ft —1/10 inch




Sir Frederick William Herschel, 1800

THERMOMETERS

PLACED IN SPECTRUM
JUST BEYOND RED
| 4—RED
YELLOW
BLUE




Silver Chloride







THE ELEC

WAGNETIC SPECTRUM
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How are Wavelength, Frequency
and Energy Related?

“Light Is composed of packets
. of energy (particles) called -
PHOTONS ”

Each photon carries an
associated_energy with it =




Example:

Photon énergy (0]}

E=0.00012 calories
Photon energy for

E=0.00021 calories

Short| = High Energy
Long.l = Low Energy




Example:
Phaton energy for

Ez0.000lZ calories

Photon energy for

E:0.0_0021 calories

1 Calorie = amount of energy needed to raise te'mperatur'e
of 1 gram (— 1 teaspoon) of water 1 degree C
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Maxwell’s Equations




Michael Faraday




Electromagnetic Radiation and
Temperature

Everything in the Universe has a temperature
associated with Iit.

Temperature can be thought of as a measure of
the-average velocity of atoms or malecules.




TEMPERATURE SCALES:
FAHRENHEIT (°F) |

32° = freezing point of water

212° = boiling point of water
CENTEGRADE (°C)
0° = freezing point of water

100° = boiling point of water

T.=(2T.)+32  T.=(T.-32)%




Absol_ute Scale

KELVINS (K) Lord Kelvin

(William Thompson) ’

Absolute Zero @ 0 K

Uses same increment as CENTIGRADE




Freezing point of water
0°K, -273°C, -459.4°F.  273°K,0°C, 32°F

|

|

373K, 100°C, 212°F
Boiling point of water




Josef Stefan (1879)

[ -

Everything in the Universe has a temperature
associated with it.

Objects In nature will emit energy based
upon their temperature.







BLACKBODY RADIATION

Thermodynamic Rules for Blackbodies:
1. An object that reflects NO ight

2. An object that absorbs ALL Ilght that faIIs .
. upon It.

3. An object that emits light as a result of its
temperature only. |
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Blackbody Curve
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Wilhelm Wien (1897)

Wavelength () —




Wilhelm Wien (1897)




Example of Wien'’s Law:
How to find the cat in the dark...







Temperature of the Sun

Blackbody curve
for the SUN |







Star Colors

.. Betelgeuse

Wavelength () =




Star Colors

Wavelength () =




Frequency (x 1014 Hz)
3.7 3.0 2.5

Continuous spectra (thermal spectra) for diff erent
teraperatires. Athagher terperatures, there 15 more
energy at all wavelengths and the peak of the
spectrurmn shifts v smaller wavelengths (woward the

blue ade) Wien’s law: hp-:akz 2.9x100mn /T
(T 1sunits of K). Find star’sor planet’s I‘Lpﬁk to
measure their remperaturel The Sun’sthermal

spectrum (3840 K ) 1s shown for companson. Star
teraperamres range from 2600-40,000+ K.
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40,000 K

4,300 K

Hotter objects are
brighter and “bluer”
than cooler objects.




(Gamma rays

Wavelength (A)




~400B. C., 1830 1906 1913 1924




Ernest Rutherford, 1911
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Atom Atom Atom
(hard sphere)



Ernest Rutherford, 1911

Thin Gold Foil

et Zinc-Sulfide

— Screen

0.1 nm




~400B. C., 1830 1906 1913 1924




Nucleus ’
<
(protons & /
neutrons) J

Electrons

Protons.

Neutrons.

Electrons;

+ charge
determines chemistry

no charge
adds stability

. adds mass

- charge

Interacts with rest, of
world interacts with
light
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Atoms interact’

only with their

ouler electron -
shells,




The Simplest: ‘Hydrogen

Distance
Orbitn  from Nucleus

1 0529 A
2 2116 A
3 4761 A
4 8464 A
5 13225 A







% Josef Fraunhofer, 1787-1826

1

Discovery of line spectra

Solar spectrum with Fraumhofer’s lines
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The Sodium Story
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Kirchhoff’s Laws




Spectrochemistry fundamentals

|

Kirchhofl and Bunsen experiment diagram




«from hot objects are continuous, like a rainbow
satoms only emit light of specific colours,
revealing their fingerprints as aline spectrum

satoms in front of a hot object absorb light at these
colours, giving an absor ption spectrum .

B




Generation of Emission or Absorption Line Spectrum.
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Spectral Sequencein Color
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Solar Spectrum 4300 - 4400 Angstroms
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BLUESHIFIT — REDSHIFT ps




Eesa

www.spacetelescope.org
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Magnetic Field Map of star FU Aurigae




In 1835, Auguste Comte, the French philosopher and
" founder of sociology, said of the stars:

“We shall never be able to study, by any

method, their chemical composition or
" their mineralogica structure... Our
nositive knowledge of stars Is necessarily
imited to their geometric and mechanical
ohenomena’.
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Why do
astronomers use
telescopes?

How do telescopes

work?

WhICh telescopes ,// ,.«' A R
P P
~do astronomers | i -: AW A

prefer?




Why do astronomers use
telescopes?

1. Light Gathering Power

Gathering more light makes faint objects
appear brighter.

Objects that are normallil too distant and faint
to be seen with the eye can be seen W|th a
telescope.




Human Eye:
Area of pupil = pr2- -
~Area of pupil = p (0.15cm)?

Area of pupil = 0.07¢cm?
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Modest sized telescope (MLO 40inch): *

Area of telescope opening = pr?
Area = p (50 cm)2 = 7,800 cm?
RATIO = 7,800/0.07 = 111,000
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Russian &m

VLT 8.2m




2. Increased Resolution
Reselution:
The ability to see fine details in small objects.
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Angular Resolution: |
a = the minimum angle that can be resolved.




1 degree 0 arcminute

- 0 arcseconds
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Example (human eye vs. MLO):

Choose | = 5000 A or 0.00005 cm




So you're thinking “build ‘em
" really huge”?
Not so fast!

The atmosphere limits the resolution of any
telescope.

SEEING:

The smearing of an image seen with the
telescope due to the turbulance of the Earth’s

atmosphere.

1” ® 0.25” at the very best!




Hale 5-meter versus the 30-meter telescope




OWL Telescope 100-meter!!




Comparison of the sizes!
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So where do we put telescopes to
minimize the problems?




Mauna Kea




Where Is the ULTIMATE place to
put a.telescope?
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In the 1960’s and 70's as space telescopes were being advanced

Unforeseen technology advances were occurring with
with ground based telescopes

- Adaptive optics: the ability to compensate

for the blurring effect of earths atmosphere
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Imaging with [ lokupa'a
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Chandra X-Ray Telescope/Observatory




Kepler's Star: Super nova remnant in X-rays




Gravity Wave Telescope: LISA




Probing ever Deeper into Space
and the Past

i , ’
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Ground-based observatories

Probing deeper into thé cosmos

¥ 4 1905 | —
b | Hubble Deep Field

- 72004 |

Hubble Ultra Deep Field

12010 |

“| Hubble Uitra Deep Field-infrared

FUTURE |

James Webb Space Telescope

| i ' - "

Presont b 1.5 Gl 480 200
bl i Millon miillien million  million

Time since the Big Bang years years yeans years  years




Probing ever Deeper into Space
and the Past

Eesa

www.spacetelescope.org




James Webb Space Telescope




