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3.1 Information from the Skies

 Far Objects are inaccessible in any realistic human sense!
 EM radiations = Transmitted Energy through space.

* Light, Radiation, Rays, waves = same thing

* Radiations: Radio, Infrared, Visible, Ultraviolet, X-ray, y-ray
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3.1 Information from the Skies

Questions??

~

 How bright are the stars, galaxies, ...~
 What are their masses?

« How fast do they spin?

 Whatis their motion through space?

- What are they made of? WHY!! [ = = s

% "onion-like' structure
% Just prior to exploding
% as a supemova

iclear buming occurs at the
- boundaries between zones

clear reactions ,_/'/
uild neutron-rich isotopes |




3.1 Information from the Skies

Wave motion: Transmits energy
without the physical transport of
material

Wavelength
: | Crest

Undisturbed Trough
state
-
e Direction of wave motion
1
frequency = :
period

wavelength x frequency = velocity
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3.1 Information from the Skies

« White light is a mixture of colors:
red, orange,

Screen
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Radio

Infrared

, green, blue, violet

X ray
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Wavelength (nm)
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3.2 Waves in What?
Waves of radiation:-

- Waves of radiation needs no source of medium.
- Other waves cannot exist without physical medium.

Mechanical Waves Electromagnetic waves




INTERACTIONS BETWEEN CHARGED PARTICLES:-

—d & ¢ -3
- The charged particle exerts ~—3 E&—

an electrical force on other o

charged particle in The Elootrc

unive rse. field lines
- How is the electrical force %A
transmitted through space? \ /
- The inverse-square law for P " Feldline ;f;?;};t
the electrical force. / \ charge
- If a charged particle begins to ) Stfﬁl;r’;'“;“"

vibrate, its electric field changes.

-This disturbance in the particle’s

electric field travels through WW
space as a wave. Distant

—_—
Vibrating Wave chargs
charge

(c)
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Electromagnetic Waves:-

-A magnetic field must accompany every changing electric field.
-A compass needle always points to magnetic north.

-Electric and magnetic fields vibrate perpendicularly to each other.
-Electromagnetic radiation transfers energy and information .

Bt

maghekic

ol

MAagnEkic r|- Kl lines




ELECTROMAGNETIC WAVES

-All electromagnetic waves move at the speed of light .
-The speed of light is the fastest speed possible (300,000 km/s).
- Light does not travel instantaneously from place to place.

- The wave theory of radiation is a successful scientific theory.
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3.2 Waves in What?

What is the wave speed of electromagnetic waves?

This sp}:e&l is very Iare, out st
Jight millions b[*{f}_l billions of years to traverse * -

“4st

mical distances ‘

E 7 - VRS -5
Electromagnetic Thelry of Radiation: The

descrigtion of electrorragnetic waves traveling -
‘through the Space o




3.3 Electromagnetic Spectrum
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Atmospheric
opacity

Visible light
observable
fram Carth,
with some
atmospheric
distortion.

Gamma rays, X-rays and ultraviclet
light blocked by the upper atmosphere
{ best observed from space).

100 %

50 %

Most of the
infrared spectrum
absorbed hy
atmaspheric
gases (best
observed

from space).

Long-wawvelength

radio waves
blocked.

Radic waves observable
from Earth.
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The Wave Nature of Radiations

Diffraction is purely a wave phenomenon. If light
were made of particles, we would see a spot the
size of the hole, with no fuzziness.
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Actually observed

Fuzzy
shadow

Trough

Diffraction
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The Wave Nature of Radiations

Interference is the ability of two or more waves to
reinforce or diminish each other.

Interference is either constructive or destructive.

Light travels
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3.4 Thermal Radiation

The atoms and molecules that make any piece of matter
are in constant random motion.

The Temperature Scale

* Objects in Universe:
T=2-108K

e Moving Objects emit
Radiations

e All thermal motion
ceasesatO K
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3.4 Thermal Radiation

The Temperature of an object is a
direct measure of motion.

Intensity - strength of radiation.

Intensity

No natural object emits all its

radiation at a single frequency. Frequency

The curve peaks at a single, well-
defined frequency.

Intensity falls slower at low freq.z .

o™

The curve > Blackbody (Plank)é 10°

The radiation curve is independef_i\tu'
of the size, shape, composition, ¢
and temperature of the materialg

@ 10"

No Real object absorbs or radiates _2

H

10°

ir

as a perfect black body. 0.1 0.2 05 1 2
Wavelength [um]
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3.4 Thermal Radiation

* If T increases > shifts to higher frequency and greater Intensities.
* The shape of the curve remains the same.

* Hot objects =» visible light.: red-orange-yellow-white.

Visible
spectrum

A — .
Infrared Ultraviolet

Intensity (arbitrary units)

1012 107 10 10%°
Freguency (Hz)

I I I
10° 10° 1000
Wavelength (nm)
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3.4 Thermal Radiation

* Wien’s Law: Sun Surface = 5800K

0.29 cm
Temperature (K)

e Stefan’s Law: 0 =5.67 x 103 W/m? - K¢

wavelength of peak emission (cm) =

F (Energy per unit area)=o 7"

* Astronomical Applications: The Sun.

Radio waves Infrared Visible
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Infrared \isible spectrum Ultraviclet g, I S

3.4 Thermal Radiation (

Fraquency =62 x10"
Wavelength = 48 um

T= ﬁm-{/\

(a) T=60K; clouds from .
which the star formed = crsaueney a2 s

Radio and Infrared /\\

(b) T=600 K; Cool surface of
a very young star = N E—

Infrared /H\
i

(c) T=6000 K; Sun’s Surface . —
=> Visible

o Frequancy = 6.2 x 107"Hz
107 = Wavelangih = 48 nm

108 -

(d) T=60000K, A bright star [ -
= Ultraviolet

Intansity

50,000 K
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N
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3.5 Doppler Effect
DOPPLER

When a star is stationary relative to an
observer, the light produced looks the
same no matter what what direction it

is seen from. Our sun is a good example
of a star that is not moving much nearer
or farther from the Earth.

EFFECT

If stars move either towards or away from our vantage point, however, the motion shifts the way their light looks to us.

When a star moves
toward us, it starts

When a star moves
away from us, it

Red Blue

runs away from
the light it emits
in our direction.
The makes the

light waves we

see expand.

Shifted

Because the
wavelenths are
longer than

usual, the light
shifts toward the

red side of the
spectrum. Arcturas
is a star that exhibits
red shift.

Most shifts can not be seen with the naked

them to learn whether other stars §

Dr.T.

P

Stars behind
appear
redder

to catch up to the
light it emits

in our direction.
This makes the
light waves we
see contract.

Because the
wavelengths

are shorter than
usual, the light
shifts toward the
blue side of the
spectrum. Sirius is
a star that exhibits
blue shift.

+
+

Stars to either
side appear
normal

' Stars in front
appear
bluer

Direction of motion

Shifted



3.5 Doppler Effect

True wavelength

Wave motion

True wavelength

apparent A true v S (A - Yy S
- Observer Observér
true A apparent v
recession v
= 1 + Source
WaVe U at rest

Its importance is

Observer behind
sees longer-than-normal
wavelength

Observer in front
sees shorter-than-normal
wavelength

allowing to determine
the speed of any
cosmic object.

A g7
4~ _ _ _ AN -omiag
“Blue shift”

Moving source
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More Precisely 3-3: Measuring Velocities
with the Doppler Effect

Example: For a speed of 30 km/s, the Doppler
shift is given by

change 1 wavelength  recession velocity

true wavelength wave speed

3
__ 0kan’s = (.01 percent.

300,000 km/s

Dr. T. Al-abdullah
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IMPORTANT QUESTION??

6000 K Blackbody

Black Body curve Red shifted stars!



SUMMARY

@) Electromagnetic radiation | wes

(p- 60) travels through space f:};':\_ _Fl'q.—___ AT R
in the form of 3 wave (p. 60). 4”: = N
A wave is characterized by its =
peried (p. 61), the length
of time taken for one complete cyde; its wavelength (p. 61,
the distance between successive wave crests; and its amplitnde
{p. 61), which measures the size of the disturbance associated
with the wave. A wave’s frequency (p. 61) is the number of
wave crests that pass a given point in one second.

Any electrically charged object

T S TR

e I - -
iz surrounded by an electric field - =9 &
(p- 63) that determines the force the =b\1
ohject exerts on other charged objects. :ré —
When a charged particle moves, infor- s

mation about its motion is transmitted » =
via the particle’s changing electric and ,

magnetic fields (pp. 63, &4). The _‘f Wiinrg
information travels at the speed of light L

(p. 64) as an electromagnetic wave. Diffraction (p. 67) and
interference (p. 67) are properties of radiation that mark it as
a wave phenomenon.

'B The color of visble light is simply
a measure of its wavelength—red light

has a longer wavelength than bhue : ":—r.h

light. The entire eclectromagnetic | - - "

spectrom  (p. 65) consists of {in (e ... oL 258
-

order of increasing frequency) radio
waves, infrared radiation, visible o= :
light, ultraviolet radiation, X-rays, e =

and gamma rays (p. 60). Only radio

waves; some infrared wavelengths, and visible light can penetrate
the atmosphere and reach the ground from space.

o The temperature (p. 68) of
an ohject is 2 measure of the speed
with which its constituent particles
move. The intensity of radiation
emitted by an ohject has a character-
istic distribution, called 2 blackbody
curve (p. 68), which depends only on the object's temperature.

© wien’s law (p. 70 tells us that
the wavelength &t which the object
radiates most of its energy is inversely
proportional 0 its temperature.
Measuring that peak wavelength tells
us the object’s temperature. Stefan's
law (p. 70) states that the total
amount of energy radiated is pro-
portional to the fourth power of the
lemperature.

9 Our perception of the
wavelength of a beam of light
can be altered by the soorce’s
velocity relative to us. This
maotion-induced change in the
observed frequency of a wawe
is called the Doppler effect
(p. 73). Any net motion of the source away from the observer
causes a redshift—a shift to lower frequencies—in the received
beam. Motion toward the observer causes a blueshift. The extent
of the shift is directly proportional to the source’s radial velocity
relative to the observer.

-

i
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End Ch 3




