Electromagnetic Radiation

Wave - atraveling disturbance, e.g., displacement of water
surface (water waves), string (waves on a string), or position of
air molecules (sound waves).

Moving in the +x direction.
Transverse or longitudinal.
hy = amplitude; | = wavelength; v = speed.

P = period = time for one up-down oscillation at afixed point =
time for wave to move forward one wavelength = | /v.
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Therefore, v=1 n, where n = 1/P = frequency.



Electromagnetic Waves

Maxwell (1865): A disturbance in local electric field E =>
disturbance in local magnetic field B => disturbancein E, etc. Leads
to a propagating disturbance (a wave) in a vacuum.

speed of light,c=3x 1083 m/s, c=1 n.

A transverse wave, i.e., disturbance(s)
perpendicular to propagation direction.

Source? An oscillating electric charge
or current.



Electromagnetic Waves

Consider awave traveling in the z-direction.
E = E,sn(kz- wt-d,),

E, = E, sin (kz- wt- d,),

wherek=2p /1 ,w = 2pn, d = phase.

Unpolarized light: E direction changes randomly; E,, E, not
correlated; d,- d, fluctuates randomly.

Plane-polarized light: E in fixed direction; d,- d, =0.

Elliptically polarized light: E direction changes in aregular way,
I.e., E vector rotates but changes in magnitude. d,- d, =constant.

Circularly polarized: E of fixed magnitude, rotates in a circular

path. E,,= E,; ,d;- d, =p/2.



The Electromagnetic Spectrum

Vigblelight: | =390 nm (violet) tol =720 nm (far red).
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Reflection

Use the concept of aray: aline aong the
propagation direction of wave crests. Law of
reflection: incident angle i of ray equals
reflected angler.

Refraction

Speed of light decreases when passing through a material medium.
Speed equals v = c¢/n, where n = index of refraction. n= 1.003 for

air, 1.3 for water, about 1.5 for glass.
Light always takes the path of least time.

L eads to refraction of wave front when
changing media.

n,sini=n,sinr.
Telescopes utilize reflection and refraction. In

general, n=n(l ), which leads to dispersion.
Astronomers utilize this for spectroscopy.
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The Doppler Effect

Let t be the time between
successive crests.

| =(c+v)t=c@+v/c)/n,=1,2+Vv/c),

n=c/l =n,/(1+Vv/C).

Note that v > O if source and observer moving apart, v< 0 if
moving towards one another.

When v approaches ¢, need to use relativistic formulas:

- 172 Note convergence to non-
= + - —
| =1,A*vie) /- vic)] relativistic formulafor v <<c.

n= no:(l- v/c)/(1+ v/c):]j2




Diffraction and Interference
Electromagnetic radiation has wavelike properties.

We measure the intensity of light | p |E[.

Diffraction - single aperture
iRt Electricfield E = E, sin(kz- wt- d)

Path lengths of waves from different parts
of aperture vary. Therefore, waves from

two parts of the aperture converging to a
single point on the screen yield net field

E = E,;Sna+ E,gn(a+Db)
T Ej[sin2a+ sn’b+ 2sinasin(a+ b)]. Last term can be < 0.

| =0when q @la, where d is the diameter of the aperture.



Diffraction is critical for astronomy. Light from a point sourceis

spread over an angle q @la, where d is the telescope diameter.

Thisangle isthe resolution limit for atelescope, barring
atmospheric turbulence, which limits optical “seeing” to 0.3"-1".

| nter fer ence - multiple apertures

 Wanwitn Multiple apertures lead to multiple peaks of
i width , o' whereaisthe it separation.
o

Since a >> d in principle, can achieve much
higher resolution with multiple receivers =>
Interferometry.




| nterferometry

Two views of the Very Large
Array (VLA) interferometer
at Socorro New Mexico.

Combined signals from
multiple dishes with wide
separation yields extremely
high resolution, even at
(long) radio wavelengths.




| nver se Square Law for Flux of Radiation

A point source of electromagnetic radiation (EMR) emits
uniformly in all directions.

Let L betherate of emission of EMR at all n (or | ). Unitsare J/s
=W. L isequivalent to the power of the source.

Amount of energy per unit area per unit
time recalved at distance r isthe flux

_ L
~ dpr?

r

o =
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Distant objects appear fainter by factor
1/r2,



The Quantum Nature of Light

Light has particle-like properties as well!

Picture an EM wave of frequency n as consisting of many quanta
of energy E = hn . Whereh =6.626 x 1034 Js is Planck’s constant.

Thismodel arises from successful theories of blackbody radiation
(Planck — 1900) and the photoelectric effect (Einstein — 1905).

Photoeleciric Effect

— Electron current measured only when n
exceeds acritical value. Thisis not
SR consistent with classical wave picture,
doscns = ezt but can be explained if lights consists of
photonsof energy E = hn.

NN P

photon = wave particle of light



