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Creditos:
A maioria das figuras da aula de hoje vém de:
1) Chaisson

2) Hypershysics
(nttp://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html)



Informacao vem em forma:
1 — luz (ondas eletromagnéticas)
2 — ondas gravitacionais

3 - neutrinos



O que é a luz?

Onda? Particula? como este € um curso de astronomia e nao de
fisica nao discutiremos muito sobre a natureza da luz, que € um
assunto fascinante.

Historia curta:

Newton - defensor da teoria corpuscular

Huygens — defensor da teoria ondulatoria
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{ar The shadow of Mary's hand holding a dime, cast directly on 4 = 5
Polarod ALS A, 3000 film using a He—MNe beam and no lenses. iFhota by
E. H.1 T Frasnel diffraction of electrons by zinc axide crystals. iafter H
Beomrsch from Handboch der Physik, edibed by 5 Flugge, SorngerVerlag, Hedelberg )
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Uiffraction through an aperture with varying A as seen in a ripple tank,
fhofn courtesy PESC Physacs, [, C. Heath, Bosten, 196001
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Figure 10.14 Single- and double-slit Fraunhoter patterns, (a)
Fhotographs taken with monochromatic light. The faint crosshatching
arises entirely in the printing process. (Photos courtesy M, Cagnet, M. Francon,
and ). C, Thrierr: Atlas ophscher Erscheimungen, Berbn-Hesdelbarg—Naw York: Springer,
1962.1 (b} When the slit spacing equals b, the two slits coalesce into one
(of width 26y and the single-shit pattern appears—that's the first curve
chosest to you. The farthest curve corresponds to the two slits separat-
ed by a = 10b. Notice that the two-slit patterns all have their first diffrac-
tien minimum at a distance from the central maximum of Z,. Mote how
the curves gradually match Fig, 10.13b as the slit width b gets smaller
¥ comparison to the separation a. (Repnnted fram *Graphical Rearesentations of
Fraunbofer Interference and Diffrachion” Am. J. Phys., 62, 6, (1994), with permission of
A. B Bartlett, University of Colorado and B, Mechtly, Northeast Masoun State University
and the American Assocabon of Physics Teachers. )



Airy rings using (2l a 0.5-mm hole diameter and [b) a 1.0-mm hole diam-
eter. (P

£ H)




{2l Biry rings—long exposure (1.5-mm hole diameter), (b) Central Airy
disk—short expasure with the same aperture. (Photos by E. H.)
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Figure 10.33 ia) A random array of rectangular apertures. (b} The resulting white-light
Fraunhofer pattern. (c) A random array of circular apertures. (d) The resulting white-light
Fraunhofer pattern. (Photos courtesy The Ealing Corporation and Fechard B, Hoover.) (8} A candle flame
wewed through a fogged piece of glass. The spectral colors are visible as concentric rings.
IPhato by E. H. (F) A similar colored ring system created by viewing a whiteight point source
through a glass plate covered with transparent spherncal lycopodium spores. (Phato by £ H.



Difracdo de uma onda de agua em um tanque




Difracao da luz de
um laser ao passar
por um orificio
guadrado.
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O éter:
se onda se propaga como?
inventou-se o éter.

por fim se provou gque o éter n&o existe (experiéncia de
Michelson-Morley)

“provou-se” mais ainda: que c=constante
e por fim acabou se provando o que “nao se queria”. que a luz
também é uma particula, dai comeca a grande revolucéo da

mecanica quantica.

efeito fotoelétrico:
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efeito fotoelétrico:



Electrons
gjected
from the
surface *,f

-JrF.

Light photons

Photon energy

E=hv
explains the experiment

and shows that light
behaves like particles.
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The fact that this plot was not
dependent upon the intensity of the
incident 1ight implied that the
interaction was 11ke a particle which
gave all 11z energy to the electron and
ejected it with that energy minus
that which it took to escape the

Light below a frequency of

439 x 10" Hz

or wawvelength longer
than 683 nm would
not eject electrons.

—

Maximum photoelectron
kinetic energy in e%

l surface,
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< G 0 10 12 % 10
Frequency, Hz Diata from Millikan, 1916

So6 ha geracao de elétrons quando a luz tem frequéncia maior que um determinado patamar
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Radiacao de Corpo Negro: O TermOmetro astron0mico

Lel de Wien
Lel de Steffan-Boltzmann

Luminosidade total
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Luminaosity is proportional to fou?h power of temperature,
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12,000 K
L = 1E
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Luminosity is also proporional to the surface area.

= UN

O surface area = 4m RS

100 photons F=1sun

star surface area _ (g)
=uUn surface area

400 photons
F =2 sun



ESPECTROSCOPIA:

Emissao e absorcao de fotons
O atomo do hidrogénio

O modelo de Bohr
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Espectro do Sol

Esta € uma imagem do
espectro solar. As cores
Indicam a regiao do
espectro, e apesar de
falsas indicam
corretamente a posicao
No espectro visivel.

As manchas escuras sao
as linhas de absorcao
(leis de Kirchoff logo
adiante)
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Leis de Kirchoff:
1 — continuo — corpo denso e opaco
2 — emissao — gas fino

3 — absorc¢ao - gas fino iluminado por tras por algum outro
objeto
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1 Wave motion

O efeito Doppler
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For waves that travel through a medium (sound, ultrasound, etc...) the relationship
between observed frequency f' and emitted frequency f is given by:

f' = \left( \frac{vH{v \pm v_s} \right) f\,
where

v \, is the speed of waves in the medium (in air at T degrees Celsius, this is 332 +

0.59T m/s)
v_s\, is the velocity of the source (the thing emitting the sound)

For waves that travel at the speed of light, such as radio waves, the relationship between
observed frequency f' and emitted frequency f is given by:

Change in frequency Observed frequency

\Delta f=\frac{fv}{c}=\frac{v}{\lambda}

f'=f+\frac{fv}{c}
where

f\, is the transmitted frequency

v\, is the velocity of the transmitter relative to the receiver in meters/second: positive
when moving towards one another, negative when moving away

c \, is the speed of light in a vacuum \left(3\cdot10”8\right) m/s

\lambda \, is the wavelength of the transmitted wave subject to change



For motion along the line of sight

If the observer and the source are moving directly away from each other with velocity
v\,, the observed frequency f_o\, is different from the frequency of the source f e\, as

f o = \sqgrt{\frac{1-v/Ic{1+Vv/c}}\[f e
where c\, is the speed of light.
The corresponding wavelengths are related by
\lambda_o = \sqgrt{\frac{1+v/cH{1-v/c}}\\lambda_e
and the resulting redshift z\, can be written as
z + 1 = \frac{\lambda_o}{\lambda_e} = \sqgrt{\frac{1+v/c}{1-v/c}}
In the non-relativistic limit, i.e. when v \ll ¢\,, the approximate expressions are:

\frac{\Delta f}{f} \simeq -\frac{v}{c} \gquad \frac{\Delta \lambda}{\lambda} \simeq
\frac{vH{c} \qquad z \simeq \frac{v}{c}

Note: In all the expressions in this section it is assumed that the observer and the
source are moving away from each other. If they are moving towards each other, v\,
should be taken negative.
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