FUNDAMENTOS PARA O ENSINO
DE ASTRONOMIA

Semanas 2 e 3 [Aulas 5 a 12]

As ferramentas do astronomo

Prof. Renato Pugliese
renatopugliese.wordpress.com

IFSP/Pirituba
2017



|. A natureza da luz

Qual

Informacao

fisica nos

temos

acesso ao

olhar parao | |
Universo?

A luz!

Fig. 1: Pilares de luz sobre o Alasca.

2016 February 8
Light Pillars over Alaska
Image Credit & Copyright:

Explanation: What's happening behind those houses? Pictured here are not but nearby , @ nearby phenomenon that can appear as a distant one. In most
places on , @ lucky viewer can see a , @ column of light appearing to extend up from the caused by flat fluttering reflecting sunlight from the

. Usually these evaporate before reaching the ground. During freezing temperatures, however, may form near the ground
in a form of , sometimes known as a crystal fog. These ice crystals may then reflect ground lights in columns not unlike a . The featured image was taken in

near in central


https://www.facebook.com/a.libbyphotos/
http://www.geo.mtu.edu/weather/aurora/
http://www.atoptics.co.uk/halo/lpil.htm
http://apod.nasa.gov/apod/ap100713.html
http://apod.nasa.gov/apod/ap010313.html
http://solarsystem.nasa.gov/planets/sun
http://www.atoptics.co.uk/halo/xtalreal.htm
http://www.nasa.gov/mission_pages/sunearth/science/mos-upper-atmosphere.html
http://en.wikipedia.org/wiki/Crystal
http://ww2010.atmos.uiuc.edu/%28Gh%29/guides/mtr/opt/ice/sp.rxml
http://apod.nasa.gov/apod/ap140122.html
http://apod.nasa.gov/cgi-bin/apod/apod_search?tquery=%22sun%20pillar%22
https://en.wikipedia.org/wiki/Fort_Wainwright
https://www.youtube.com/watch?v=sKVmdRCd52A
https://en.wikipedia.org/wiki/Fairbanks,_Alaska
https://en.wikipedia.org/wiki/Alaska

|. A natureza da luz

Luz como onda

Onda mecanica,
onda eletromagnética ou
onda gravitacional?

Onda mecanica — energia
propagada por meio da
vibracao de corpos
materiais;

Onda e-m - energia
propagada por meio da
vibracao de campos
eletromagnéticos;

Onda gravitacional —
energia propagada por meio
da vibracao de campos
gravitacionais;

AN LU L Fig. 2: Um estrondo sénico
A Sonic Boom

Credit: Ensign John Gay,

Explanation: Is this what a sonic boom looks like? When an airplane travels at a speed faster than sound, emitted by the plane cannot precede the plane,
and so behind the plane. When this passes, a listener hears all at once the sound emitted over a longer period: a . As a plane
accelerates to just break the , however, an unusual cloud might form. The origin of is still debated. A is that a drop in air pressure at the plane
described by the occurs so that moist air condenses there to form water droplets. ,an was photographed just as it

and the frequently produce audible before they are slowed below sound speed by the


http://en.wikipedia.org/wiki/USS_Constellation_%28CV-64%29
http://www.navy.mil/
http://www.school-for-champions.com/science/sound.htm
http://www.phy.ntnu.edu.tw/%7Ehwang/Doppler/Doppler.html
http://www.pbs.org/wgbh/nova/barrier/boom/concept3.html
http://www.phy.ntnu.edu.tw/%7Ehwang/airplane/airplane.html
http://www.pbs.org/wgbh/nova/barrier/boom/concept2.html
http://webphysics.davidson.edu/faculty/dmb/py115/SoundBarrier.htm
http://www.eng.vt.edu/fluids/msc/gallery/conden/mpegf14.htm
http://www.eng.vt.edu/fluids/msc/gallery/conden/pg_sing.htm
http://www.news.navy.mil/view_single.asp?id=1445
http://www.boeing.com/defense-space/military/fa18/index.htm
http://www.hq.nasa.gov/office/pao/History/x1/chuck.html
http://apod.nasa.gov/apod/ap010728.html
http://www.pbs.org/wgbh/nova/barrier/boom/choice4.html
http://en.wikipedia.org/wiki/Sonic_boom
http://liftoff.msfc.nasa.gov/academy/space/atmosphere.html

|. A natureza da luz

Exp. 1: Campo elétrico — lata, canudo, fio...

Frequency (Hz)

Gamma-rays

?

A luz € uma onda eletromagnética!

Velocidade de ondas eletromagnéticas no

Vacuo:
¢ = 300.000 km/s Ultraviojet
c =3.108m/s

Vigibie
Aspectos cinematicos das ondas: N e

Thermal IR
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Fig. 3: faixas do espectro eletromagnético:
https://en.wikipedia.org/wiki/Electromagnetic_spectrum Long-waves
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|. A natureza da luz

A luz também e uma particula!
Foton

Energia (E)

Constante de Planck (h)
Frequéncia (v)

E=hv

h=6625.10"34]

S&ao pacotes individuais

(discretos)
de energia! (Planck ~1900)

E como a luz, sendo onda ou
particula, interage com a

t fera? Fig. 4: Interacao ondas-atmosfera
HTOSTETS: (Fig. 2.2, p. 26).

E como captar as ondas que sao
“filtradas” pela atmosfera?



Il. Telescopios

Galileu e a luneta refratora (~1620)
Newton e o telescopio refletor (~1670)

Lentes (refracéo) e espelhos (reflexao)

Exp. 2: formacao de imagens por refracao e
reflexao: lentes convergentes e divergentes,
espelhos planos, coOncavos e convexos.

Fig. 5: Exemplo de lente convergente.
http://slideplayer.com.br/slide/1810385/

Fig. 6: Exemplo de espelhos concavos.
http://www.passo-a-passo.com/mec/4.1.4/05 teoria.htm



Il. Telescopios

Fig. 7:
Hubble
flutua livre

Refletor

2002 November 24
Hubble Floats Free
Credit; STS-82 Crew, STScl, NASA

Explanation: Why put observatories in space? Most telescopes are on the ground. On the ground, you can deploy a heavier telescope and fix it more easily. The trouble is that
Earth-bound telescopes must look through the Earth's atmosphere. First, the Earth's atmosphere blocks out a broad range of the electromagnetic spectrum, allowing a narrow
band of visible light to reach the surface. Telescopes which explore the Universe using light beyond the visible spectrum, such as those onboard the Chandra X-ray Observatory
need to be carried above the absorbing atmosphere. Second, the Earih's atimosphere blurs the light it lets through. The blurring is caused by varying density and continual motion
of air. By orbiting above the Earth's atmosphere, the Hubble Space Telescope, piciured above, can get clearer images. In fact, even though HST has a mirror 15 times smaller
than large Earth-bound telescopes, it can still resolve finer details. A future large optical telescope in space is planned.


http://science.ksc.nasa.gov/shuttle/missions/sts-82/mission-sts-82.html
http://www.stsci.edu/
http://www.nasa.gov/
http://www.seds.org/billa/bigeyes.html
http://liftoff.msfc.nasa.gov/academy/space/atmosphere.html
http://csep10.phys.utk.edu/astr161/lect/earth/atmosphere.html
http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html
http://chandra.harvard.edu/about/axaf_mission.html
http://www.eso.org/projects/aot/introduction.html
http://apod.nasa.gov/apod/ap000725.html
http://spaceflight.nasa.gov/gallery/images/shuttle/sts-82/html/s82e5937.html
http://apod.nasa.gov/apod/ap010806.html
http://apod.nasa.gov/apod/ap990629.html
http://www.stsci.edu/ngst/

Il. Telescopios

Telescopios atuais:

- Diametros cada vez maiores e geralmente refletores, para evitar distor¢coes pela refracéo;
- Maiores refratores atuais: 1 m de diametro;

- Maiores refletores atuais: 10 m de diametro;

- Maiores radiotelescopios atuais: 300 m de diametro;



Il. Telescopios

Telescopios Keck |,
Keck Il e Subaru no
Hawaii. 10 m de
diametro de
espelho.

Fig. 8: Um ano de
cosmologia escura.

2001 December 31
A Year of Dark Cosmology

Credit: ,
Explanation: We live in the exciting time when humanity discovers the of our entire universe. During this year, in particular, however, the quest for cosmological
understanding appears to have astronomers groping in the dark. and are becoming accepted invisible components of our universe, much like
and have become established invisible components of .In the nature and origin of the formerly invisible, however, we are only just
exiting the cosmological . Relatively unexplored concepts such as ) of , , and new forms of
all vie for cornerstone roles in a . As understanding invisible air has led to such useful inventions as the and the , perhaps
understanding and can lead to even more spectacular and useful inventions. , three of the ( , and

) prepare to peer into the dark and distant universe.


http://www2.keck.hawaii.edu:3636/
http://www.ifa.hawaii.edu/mko/
http://antwrp.gsfc.nasa.gov/debate/debate98.html
http://www.sciam.com/specialissues/0398cosmos/0398rubin.html
http://www.lbl.gov/Science-Articles/Archive/dark-energy.html
http://pearl1.lanl.gov/periodic/elements/8.html
http://pearl1.lanl.gov/periodic/elements/7.html
http://www.dep.state.pa.us/earthdaycentral/97/air_teachers/naturally.htm
http://antwrp.gsfc.nasa.gov/htmltest/gifcity/bitsff.html
http://library.thinkquest.org/2834/gather/darkage/darkage.htm
http://apod.nasa.gov/apod/ap010418.html
http://superstringtheory.com/
http://particleadventure.org/
http://physicsweb.org/article/world/13/11/8/1
http://www.astro.ucla.edu/%7Ewright/cosmo_04.htm
http://www.sciam.com/2001/0101issue/0101peebles.html
http://www.wam.umd.edu/%7Estwright/WrBr/taleplane.html
http://www.avweb.com/articles/howoxy.html
http://chandra.harvard.edu/xray_astro/dark_matter.html
http://xxx.lanl.gov/abs/astro-ph/9811454
http://www2.keck.hawaii.edu:3636/realpublic/gen_info/kiosk/gallery.html
http://www.seds.org/billa/bigeyes.html
http://www2.keck.hawaii.edu:3636/realpublic/gen_info/kiosk/index.html
http://www.naoj.org/

Il. Telescopios

Fig. 9: Radiotelescopio Arecibo: o maior (Porto Rico).

November 29, 1998
Arecibo: The Largest Telescope
Credit:
Explanation: The is currently the largest single-dish telescope in the world. First opening in 1963, this 305 meter (1000 foot) radio telescope resides in a
natural valley of . The has been used for , iIncluding searches and , and
in the and the . As the Arecibo dish can also be used to send radio waves, it has bounced and recorded radiation off of planets
in our , and has even to areas of the Galaxy that might contain intelligent . Any person in the world may use the telescope,

providing their is selected by a review committee.


http://www.naic.edu/
http://astrosun.tn.cornell.edu/
http://www.nsf.gov/
http://www.naic.edu/vpublic/vcenter/iabroch.htm
http://welcome.topuertorico.org/
http://seti1.setileague.org/songbook/arecibo.htm
http://www.naic.edu/about/ao/discovr.htm
http://adsbit.harvard.edu/cgi-bin/nph-article_query?1989ApJ%2E%2E%2E346%2E%2E869R
http://adsbit.harvard.edu/cgi-bin/nph-article_query?1989ApJ%2E%2E%2E336%2E%2E231C
http://apod.nasa.gov/apod/ap960213.html
http://apod.nasa.gov/apod/ap951108.html
http://apod.nasa.gov/apod/ap961214.html
http://www.aspsky.org/html/tnl/20/20.html#sending
http://www.setiquest.com/
http://www.naic.edu/vscience/proposal/proposal.htm

Il. Telescopios

Fig. 10: HESS:
telescopio de

ralosS gama
-
2002 September 6
HESS Gamma-Ray Telescope
Credit: The
Explanation: Most with lenses and mirrors are hindered by the Earth's nurturing, protective that blurs images and scatters and absorbs
light. But this telescope was designed to detect extreme - photons with over 100 billion times the energy of visible light - and actually requires the atmosphere to
operate. As the impact the upper atmosphere they produce air showers of high-energy particles. Adorned with 382 separate mirrors each 60 centimeters in diameter
and equipped with a fast camera, records in detail the brief flashes of optical light, called , Created by the air shower particles. The telescope
pictured here was inaugurated this week and is intended to operate as part of the (HESS) array under construction in . The initial

phase of HESS will consist of four telescopes working in concert to provide multiple stereoscopic views of the air showers, relating them to the energies and directions of the
incoming


http://www.mpi-hd.mpg.de/hfm/HESS/public/hn_hesscollab.html
http://www.seds.org/billa/bigeyes.html
http://apod.nasa.gov/apod/ap000115.html
http://cossc.gsfc.nasa.gov/epo/vu/overview/overview.html
http://apod.nasa.gov/apod/ap000722.html
http://www.mpi-hd.mpg.de/hfm/HESS/public/telescope/hn_telescopes.htm
http://imagine.gsfc.nasa.gov/docs/science/how_l2/cerenkov.html
http://www.mpi-hd.mpg.de/hfm/HESS/HESS.html
http://www.cia.gov/cia/publications/factbook/geos/wa.html
http://www.mpi-hd.mpg.de/hfm/HESS/public/physics/hessp.htm

lll. Imagens e fotometria

Detectores de imagens:

- Olho
- Filme fotografico
- CCD

Olho:

- Duas lentes (cornea e cristalino)
- Um sensor (retina) com milhares
de nervos captadores de luz.

esclerdtica

coroide

ligamentos

Fig. 11: Representacao do olho humano.
https://olhohumano.wordpress.com/



Ill. Imagens e fotometria

Estrelas e magnitude
De Hiparco - Grécia (~150 a.C.) a Pogson - Inglaterra/india (~1850).

Mais brilhantes: magnitude 1
Menos brilhantes visiveis: magnitude 6

De 1 para 6 de magnitude temos 100 vezes menos brilho, assim definido
na Relagcao de Pogson:

(m-m,) = (-5/2).log(F,-F)

m: magnitude aparente (de -27 a +25) vista da Terra;
F: brilho aparente (em W/m?, por exemplo).

Comentario: Madras catalogue (India - Pogson) com 11015 estrelas.



I1l. Imagens e fotometria

Fig. 12: De alfa a
Omega em Creta

2016 June 29
From Alpha to Omega in Crete
Image Credit & : Johannes Schedler ( )
Explanation: spans light-years in a natural night skyscape from the island of Crete. Looking south, exposures both track the stars and record
a fixed foreground in three merged panels that cover a 10x12 degree wide field of view. The May 15 waxing gibbous moonlight illuminates the church and mountainous terrain. A
mere 18 thousand light-years away, huge globular star cluster (NGC 5139) shining above gives a good visual impression of its appearance in binoculars on that
starry night. Active galaxy (NGC 5128) is near the top of the frame, some 11 million light-years distant. Also found toward the expansive southern constellation

Centaurus and about the size of our own Milky Way is edge on spiral galaxy . About 13 million light-years distant it's only a little farther along, and just above the


http://apod.nasa.gov/apod/lib/about_apod.html#srapply
http://panther-observatory.com/
http://panther-observatory.com/gallery/deepsky/doc/Omega_Crete_200mm.htm
http://apod.nasa.gov/apod/ap160427.html
http://chandra.harvard.edu/photo/2014/cena/
http://apod.nasa.gov/apod/ap150528.html
http://apod.nasa.gov/apod/image/1606/Omega_Crete_200mm_15schedler_label.jpg

Ill. Imagens e fotometria

Olho x telescoépios

Pupila: 7 mm de abertura no escuro;

Lente com 70 mm: 100 vezes mais luz captada do que o olho -
100 vezes mais fotons captados e estrelas com magnitudes 5

vezes maior (100 vezes menos brilhantes).

CCD (charge coupled device): captacao via pixels com sensores
de luz por acumulacao de carga elétrica (efeito fotoelétrico).

Visivel, radio, UV, IV...

Fig. 13: CCD.
http://wwwuser.cnb.csic.es/~fotonica/Photonic_en/Review/ccdl.htm



V. Espectroscopia

Espectrografo e Espectroscopio

Espectros continuos: emissdao de ondas e-m dependentes da temperatura;
Ex.: corpo humano, metais quentes...

Espectros discretos: gas excitado, alta ou baixa densidade
linhas de emissao ou absor¢ao (Leis de Kirchoff / ~1860)

plano focal

. do detector
camera B

rede de
difracéo

feixe do
telescopio

L
I|

foco do Colimador

culiﬁadur

Fig. 14: Espectrografo.
http://www.astro.iag.usp.br/~ronaldo/intrcosm/Glossario/Espectrografo.html



V. Espectroscopia

Efeito Doppler (~1842) e Doppler-Fizeau (~1848).
Quanto mais distante a galaxia ou quasar, maior o deslocamento para o vermelho;

Expansdo do Universo.

Litio

Calcio

Sadio

Fig. 15: faixas espectrais.
http://www.quimlab.com.br/cursos.htm



VIII. Atividade

- Oficina de construcdo de um espectroscopio.

Durante a aula:

- Reconhecimento e utilizac&o de um telescoépio refrator.

Apés a aula:

- Baixar, instalar o programa Stellarium (para Desktop/Notebook) e comecar a explorar.
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