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With greater distance from the star, its light is spread
over a larger area and its apparent brightness is less.




Orion from +7.0 to 2.0 mag sky

http://www.darksky.org/infoshts/is120.html
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Ql: =F BV —F EAEAHEE ?
A: (2.512)? = (2.5)* = 6.25 = 6 times fainter

Q2 RIRENTHESE R -1.5 - TR ER S SiriusB - -
HRRERRRENES Y — st RRBEATHES -
A: 100 times of flux = 5 mag difference, so 10,000 times fainter
- 10 mag larger, .". Sirius B hasm =-1.5+ 10 = 8.5 mag

Q3: izt A NHEFLE{ELY 7 mm > SUfhaE 2 A 2 K TERT
2R > A DIHAIREREN 125 E -
A: naked eye limit = 6 mag, so 12 mag is (2.5)° = 250 times
fainter .. telescope aperture should be > 7 mm x 16 = 110 mm

Q4: (B FI A B FARELAIR 1255 2 - S3 LB
ARG » SERELE ROEEL » SUTERIE & EINVIRE

BT ©

A: b,/b, =3/1, so (b;+b,)/b,=4/1, m;,, —m,=2.5log % =-1.5
.m,=12 + 1.5 =13.5 mag; likewise m; =12 + 0.3 = 12.3 mag
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Sun (=26.7)

Full moon (=12.6)

BRIGHTER ——

Venus (at brightest) (-4.4)

Sirius (brightest star) (=1.4)

Naked eve limit (+6.0)

Binocular limit (+10.0)

Pluto (#15.1)

Large telescope (visual limit) (+21.0)

Hubble Space Telescope and large Earth-

-

based telescopes (photographic limit) (+30.0)

(@) Some apparent magnitudes (b) Apparent magnitudes of stars in the Pleiades




Introduction to Astronomy

HW1350312

due 1n one week

(a) Estimate how many kilograms of hydrogen the Sun has consumed over the past
4.56 billion years, and estimate the amount of mass that the Sun has lost as a result.
Assume that the Sun’s luminosity has remained the same during the time. (b) In
fact, however, the Sun’s luminosity when it first formed was only about 70% of its
present value (the “faint voung sun paradox™). With this in mind, explain whether
your answers are an overestimate or an underestimate.

How far away is a star that has a proper motion of 0.08 arcseconds per year and a
tangential velocity (proper motion) of 40 km/s? For a star at this distance, what
would 1ts tangential velocity have to be 1n order for it to exhibit the same proper
motion as Barnard’s star?




The visual binary 70 Ophiuchi has a period of 87.7 years. The parallax of 70
Ophiuchi 1s 0.2 arcseconds, and the apparent length of the semimajor axis as seen
through a telescope 1s 4.5 arcsec. (a) What 1s the distance to 70 Ophiuchi in
parsecs? (b) What is the actual length of the semimajor axis m AU? (c¢) What 1s
the sum of the masses of the two stars in solar masses?

1830 1835

, 1840

1845
e 1850

1855

Search the World Wide Web for information about Gaia, a European Space Agency
(ESA) spacecraft meant to extend the work carried out by Hipparcos. What is the
status of Gaia? What 1s the main mission of Gaia? How does it compare to
Hipparcos 1n terms of performance? What other types of research 1s it supposed to
carry out?

A star 1s measured to have mv=10.00. It 1s later resolved to be a binary with a
brightness ratio of 2.  What 1s the apparent magnitude of each binary component?
If the system 1s at a distance of 100 pc. What 1s the absolute magnitude of each
star?
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« £ & (luminosity) & & 2wy e /7 (Watts)

- B —fE#E = 10 pc

*BREEEfMR d=10pc & - H
% 24% ¥4 % (M, absolute magnitude)

m— M =5logd — 5

Note: m =M when d =10 pc

wEE (M) E

derivation

Q: KRG WHEFH & M=-27> Z b5t

Rz HESE (M) -


magnitude.ppt

Q: KIZHIREZFLI R m=-27 > it KRV EEF (M) -

m— M =5logd — 5

A:m=-27 mag, and d =1 AU = (206265)! pc
2> 5logd-5=-31.6,.". M=4.6 mag

Q: € (Epsilon) Eridani is 3.23 pc from Earth. As seen from Earth,
the star appears only 6.73 x 1013 as bright as then Sun. Estimate
the luminosity of eEridani compared with that of the Sun.

A: L/L, = (d/d.)? (b/b,.)
3.23 pc = 3.23 x 206265 AU/pc = 6.66 x 105 AU
> L/L, = (6.66 x 105)2 (6.73 x 10"13) = 0.30




Luminosity (1 L)
104 102 1 1072 1074
| | | | ]

Stars like the Sun
(L=1L,) are
relatively common.

1 -

10-1 - Low-luminosity
stars are common.

10-2 -
10-3

Very luminous stars
are quite rare.
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Inverse-Square Law

* b: apparent brightness, in W/m?

* L: astar’s luminosity, in W
e d: distance to the star, In meters

* For the Sun,

3.90 1 02 6 W {)
- = 1370 Wm™*

This 1s called the Earth’s Solar Constant.
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In January, In July, the
l ; July, the The closer the star, the
the nearby nearby star A ¢ .o
’ ’ more Its apparent position
star appears appcars to . . .
Pl 2 % ¢ shifts as seen from Earth.
to be here. be lu‘l'\‘.

Earth
(January)

Earth
(July) ,

Earth

Earth J
(January)

(July) /’

(b) Parallax of an even closer star

(@) Parallax of a nearby star

d (pc) =1/p (arcsec)




Distance Determination by Parallax
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The Spectral Sequence

Spectral class Color Temperature (K) Spectral lines Examples

Blue-violet 30,000-50,000 Ionized atoms, especially helium Naos ({ Puppis),
Mintaka (8 Orionis)

Blue-white 11,000-30,000 Neutral helium, some hydrogen Spica (a Virginis),
Rigel (B Orionis)
White 7500-11,000 Strong hydrogen, some ionized metals  Sirius (a Canis Majoris),
Vega (a Lyrae)
Yellow-white 5900-7500 Hydrogen and ionized metals such Canopus (a Carinae),
as calcium and iron Procyon (a Canis Minoris)
Yellow 5200-5900 Both neutral and ionized metals, Sun, Capella (« Aurigae)
especially ionized calcium

Orange 3900-5200 Neutral metals Arcturus (a Bootis),
Aldebaran (a Tauri)

Red-orange 2500-3900 Strong titanium oxide and some Antares (a Scorpii),
neutral calcium Betelgeuse (a Orionis)

Red 1300-2500  Neutral potassium, rubidium, Brown dwarf Teide 1
and cesium, and metal hydrides

<1300 Strong neutral possisium, and Brown dwarf Gliese 229B
some water




http://en.wikipedia.org/wiki/Stellar_classification


http://en.wikipedia.org/wiki/Image:Morgan-Keenan_spectral_classification.png

HD 3651
(star of spectral class K)

HD 3651B
(brown dwarf
of spectral

+ class T)

HD: Henry Draper Catalogue



AR R X

Q: Betelgeuse (Alpha Orionis) is 60,000 times more luminous than
the Sun and has a surface temperature of 3500 K. What is its
radius?

A: R/IR. = (5800 K/3500 K)? (6 x 104)2=670
The Sun’s radius is 6.96 x 10° km, SO Rpgeigeyse ~ 3 AU!
This is beyond the orbit of Mars in the solar system.
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f2: ' # %W , (H-R diagram)
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~«— Surface temperature (K)
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Spectral type <— Surface temperature (K)

(a) A Hertzsprung-Russell (H-R) diagram (b) The sizes of stars on an H-R diagram



102

L = luminosity

radiation per
unit area

=

Luminosity (Lg) —

total surface area

A /)N

T = surface temperature

40,000 20,000 10,000 5,000 2,500 ¢ = Boltzmann const.

~— Surface temperature (K) R = stellar radius

logT
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http://upload.wikimedia.org/wikipedia/commons/6/67/HR-diag-no-text-2.svg
http://en.wikipedia.org/wiki/Stellar_classification

L 5 v
I KA [ P35 v
L /5 i
| [ 0 /5 I
A 5 |
Spectra near spectral type F5, for different luminosity classes . Adapted from data in the

electronic version of "A Library of Stellar Spectra,” by Jacoby G.H., Hunter D.A., Christian
C.A. Astrophys. J. Suppl. Ser., 56, 257 (1984).  http://web.njit.edu/%7Egary/321/L ecture6.html

(@) Asupergiant star has a low-density, low-pressure atmosphere:
its spectrum has narrow absorption lines

H,

(b) A main-sequence star has a denser, higher-pressure atmosphere:
its spectrum has broad absorption lines
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Animations ---

http://www.astronomy.ohio-state.edu/~pogge/Ast162/Movies/



http://www.astronomy.ohio-state.edu/~pogge/Ast162/Movies/
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(@) A “binary system” of two children (b) A binary star system



eccentricity = 0.8

http://www.windows.ucar.edu/tour/link=/physical_science/physics/mechanics/orbit/ellipse.htmi

http://upload.wikimedia.org/wikipedia/commons/0/0e/Orbit5.gif



2MASSSW J074625+2000321 1s a binary system separated by ~1/3”,
observed respectively by the HST, VLT, Keck I, and Gemini North.
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spanim.gif

When one of the stars in a spectroscopic binary 1s (’

moving toward us and the other is receding trom us,
we see two sets of spectral lines due to the Doppler shift. To Earth l

Y OYY YWY YYYY YV Yy

N N N A

When both stars are moving perpendicular to our

line of sight, there is no Doppler splitting and we
see a single set of spcctr;ll lines.

To Earth l
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