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Structure of this class

Weekly lectures (3x25 min)


Homework assignments (multiple choice)


Midterm (April 27-May 1)


Final (June 22-June 26)

My coordinates: 37.5503° N, 127.0731° E

Room 612, Yeongsil-Gwan 

mvp@sejong.ac.kr

mailto:mvp@sejong.ac.kr
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Main reference texts 

Principles of Physical Cosmology, P.J.E. Peebles (Princeton University 
Press) 

General Relativity, H. Stephani (Cambridge University Press) 

General Relativity, R. Wald (University of Chicago Press)
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Modern astronomy: basic concepts 


How large is the Universe?


The evolving Universe: Hubble parameter 


Early universe following the Big Bang


Present-day cosmology 


Key open questions

Overview of this course 
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Basic principles 

Orbital motion in the solar system


Exercises 


Photometry


Cepheid variables


Exercises

Contents - Week 1

W1.1

W1.2

W1.3
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Early photometry

Hipparchus gave the first rudimentary classification of objects in 
the sky visible to the eye: 

Easy to see:    mv = 1, brightest to the eye


Hard to see:       mv = 6, faintest to the eye 

ESO

Hipparchus in Alexandria (190-120 BC)
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Andromeda

ESO

Yale Catalogue of Bright 
Stars, Yale Bright Star 
Catalogue (YBS, 1884); 
Harvard revised photometry 
catalogue (HR, 1908); 5th 
edition 1991

mv = 3.4

RA 0h 42m 44s | Dec +41° 16′ 9″

3.167° × 1°
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Apparent magnitude

m − m0 = 2.5 log10 ( F0

F )
 some reference value of radiative flux (energy/time/area)F0 :

m − m0 = 5 log10 ( d
d0 )

F =
Luminosity of the star

4πdistance2
Betelgeuse 
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Absolute magnitude

 = 10 pc:d0 m − M = 5 log10 d − 5

Mv = mv + 5 − 5 log10 d⊙ = 4.83

Absolute visual magnitude of the Sun: 

mv = − 26.74
Apparent visual magnitude of the Sun

Given a reference distance 

(Still relatively easy to see in the classification of Hipparchus)
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Examples 
mv

Sun                                         -26.7


Full Moon                               -12.5


Venus (brightest)                      -4.4


Mars (brightest)                        -2.7


Betelgeuse                             0-1.6


Andromeda (M31)                      3.4


Pluto                                           15


Cepheid V1 (M31)                    19.4


Hubble Deep Survey                  30

Naked-eye limit                          6.5


Modern astronomy, 
extragalactic astronomy 

and cosmology

Naked-eye visibility

ESO
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Pluto: the edge of our solar system

ESOhttps://www.nasa.gov/feature/pluto-wows-in-spectacular-new-backlit-panorama

Launch: 01/2006
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Limiting Magnitude

ESO
https://hubblesite.org/image/743/gallery/57-hubble-deep-field

Launch 04/1990

HST deep field: the edge of the Universe
Maximal 
apparent 
brightens 
detectable by 
HST:

mv ≃ 31
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 Astronomy 1.0

Radical departure from Greek philosophy, Ptolemy’s geocentrism, by giants 
of the Renaissance (14th-16th century):

All truths are easy to understand once they are 
discovered; the point is to discover them.

“Finally we shall place the Sun himself at the 
center of the Universe.” (heliocentrism)

“Moreover, since the sun remains stationary, whatever appears as a 
motion of the sun is really due rather to the motion of the earth.”

N. Copernicus (1473-1543) G. Galileo (1564-1642)

E pur si muove or Eppur si muove. (And yet it moves, 
1633.)
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Further departure from provincial view of “all things static” 

Astronomy 2.0

Istoria e Dimostrazioni Intorno 
Alle Macchie Solari e Loro 
Accidenti Rome (History and 
Demonstrations Concerning 
Sunspots and their Properties 
1613) 

http://galileo.rice.edu/sci/observations/sunspot_drawings.html
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“The Earth is a very small state in a vast cosmic arena” Carl Sagan (1934-1996) 

Modern astronomy

ABC News 1996
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Instrumentation

“When curious men pointed the spyglass toward the sky, our view of Earth and our 
place in the universe changed forever.” (Lauren Cox, 2017)

H.J. Detouche (1754)

G. Galileo (1609)

x20

x35

I. Newton (1668)

"Dutch perspective glasses"

x3

Hans Lippershey (1608)
2 inch reflecting telescope
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Angular scales

“How big is the Moon?”  

Moon: 

All sky

α = 0.5ο


4π steradians

G. Galileo

Moon orbital parameters: a = 384,400 km, 
e = 0.0549

θ
Angular diameter 
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Mars

Mars orbital parameters:  

a = 1.524 AU  

e = 0.0934 

d = 24:37hr

Earth orbital parameters:  

a = 1 AU  

e = 0.0167 

d = 24hr
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Summary
Astronomy began with mapping the visible sky and catalogues of objects by 
apparent brightness. 

Copernicus and Galileo led the way to our understanding of the Solar system: 
heliocentric amenable to detailed observations by telescopes.  

Modern (ground and space based) telescopes permit seeing far beyond the 
naked-eye to the edges of the Solar system.

Solar eclipse by the Moon around Earth



(c)2020 van Putten 20

Basic principles


Orbital motion in the solar system 

Exercises  

Photometry


Cepheid variables


Exercises

Contents - Week 1

W1.1

W1.2

W1.3
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Brahe’s “golden" data-set

http://www.pafko.com/tycho/observe.html

T. Brahe (1546-1601)
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Johannes Kepler 
(1571-1630)

...if you want the exact 
moment in time, it was 
conceived mentally on 
8th March in this year 
1618
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Kepler’s interpretation

“Kepler stole the data [from Brahe], and worked with it for nine 
years” https://galileoandeinstein.phys.virginia.edu/lectures/tycho.htm 

A

A

Planetary orbit 
(Earth, Mars, ..)

Sun

https://galileoandeinstein.phys.virginia.edu/lectures/tycho.htm
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Ellipses: conic section
Ellipse with semi-major axis a

Circle with radius b

⟺
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Ellipses: conic section

e ≡
p
a

= sin αEllipticity 

p

b

a = b2 + p2

α

Ellipse with semi-major axis a

l2
l1

l0

l0 + l1 + l2 = L

focus⟺
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Elliptical orbit

( x
a )

2

+ ( y
b )

2

= 1

Scaling of an ellipse

Semi-major axis a, semi-minor axis b

Sun

planet

l0 = 2p

rmin,max = a(1 ± e)

Apsides (extremal distances between planet and Sun, aphelion and perihelion):

Cross-section of a 
cylinder with tilt angle α
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Apsides of solar system planets

Sun
Perihelion

Aphelion(Periapsis)
(Apoapsis)

Relative to 
perihelion
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Let’s include Pluto

From NASA’s data-base:

e = sin α = 0.2488 ≃
1
4

, a = 39.482AU ≃ 40AU

p = a sin α = ea
a = b2 + p2

α

b = a cos α = a 1 − e2
(Apoapsis)

 (https://nssdc.gsfc.nasa.gov/
planetary/factsheet/

plutofact.html)

 

 

b = 38.2405AU

a − b
a

= 1 − cos α = 1 − 0.9686 = 3.14 %

rmax − rmin

a
= 2e = 49.76 % ( rmax − rmin

rmin
=

2e
1 − e

≃
2
3 )
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Orbital motion

ΔA
Δt

= const . , P2 ∝ a3

2p
Sun

ΔA
Δt

1.The Sun is located at a focus of the ellipse.

2.Equal areas traced out in equal times.

3.Period scales with semi-major axis to the power 3/2.

Kepler’s three laws 
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"I first believed I was dreaming… But it is absolutely 
certain and exact that the ratio which exists 
between the period times of any two planets is 
precisely the ratio of the 3/2th power of the mean 
distance.” Kepler, 1619, in “Harmonices Mundi”

Kepler’s observational test
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Kepler revisited - Newtonian gravitation 

I. Newton (1643-1727)

 is Newton’s constant G = 6.67 × 10−8cm3s−2g−1

Newton’s law of a gravitational attractive force, 

F = −
GM1M2

r2
, r = r1 − r2

explains elliptic orbits as harmonic motion in 1/r



31

Newton’s theory

P =
2πa

3
2

GM

1. Orbital motion is harmonic in 


2. Conservation of orbital angular momentum:


3. Kepler’s 3rd:

u = 1/r :
1

r(φ)
∝ 1 + e cos φ

j = 2
ΔA
Δt

= GMa(1 − e2)

[( 2π
P )

2

=
GM
a3

, M = M1 + M2]

Sun

planet
ΔA
Δt

φ
r

N.B. [a2(1 − e2) = rminrmax]
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Summary
Based on the high-quality data of Brahe, planetary orbits are seen to be ellipses 
satisfying Kepler’s laws of orbital motion. 


Kepler’s laws derive from Newton’s theory of gravitation, wherein orbital motion 
is seen to be harmonic expressed in inverse polar radius. 


The power of Newton’s theory is in universality: it applies to planetary motion 
around the Sun as well as lunar motion around (each of) the planets.

https://solarsystem.nasa.gov/news/886/cassini-finds-saturns-rings-coat-tiny-moons/
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Some historical perspectives


Orbital motion in the solar system


Exercises 


Photometry 

Cepheid variables 

Exercises

Contents - Week 1

W1.1

W1.2

W1.3
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Observatories

Large aperture telescopes 

40 inch Yerkes Observatory
Eastern Veil (Caldwell 33) 
nebula, 3 hours exposure 


Yerkes Obs, George Ritchey 

… with Hubble close-ups


NASA/ESA/HST, J. Hester 
and Davide De Martin

Supernova remnant, D=2400 ly
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Leavitt’s law (Cepheid Period-Luminosity)

Henrietta S. Leavitt (1988-1921)

Leavitt, H.C., & Pickering, 
E.C., 1912 

Freedman, W., et a., 2012

(P in days)

Calibrated against known distances (e.g., by parallax), cepheids 
become standard candles for distance measurements 

SMC: 

MV=-2.76log(P)-1.4
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Cepheid V1 in M31

100 inch Hooker telescope 
(1917), Mt Wilson Observatory 

Edwin Hubble,1924

M31

VAR!

Hubble’s lucky observation of a very faint cepheid variable

Based on Leavitt’s law, a cepheid far too dim to be local to our MW…
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Extragalactic astronomy 1.0
“Here is the [Hubble’s] letter that destroyed my universe [Milky Way].” Harlow Shaply (1885-1972)

The “spiral nebula M31” is a (neighboring) galaxy 

One month periodicity of 
Hubble’s Cepheid V1

M31: D=2.3 Mly
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Distance scales

“With this [Hubble’s] discovery, the scale of the 
universe was finally understood” 

(2016, N.B. Suntzeff)

Some distance scales for getting around:

Seoul: 

Earth-Moon system: 

Solar system: 

Milky Way: 

Extragalactic Astronomy:  

O(km) or O(hr) 


O(1 light second)


Distance Earth-sun: 


Distance Solar system to SgrA*: 15 kpc 


Typical distance between galaxies O(1) Mpc

1AU = 1.5 × 1013cm

(pc = 3 × 1018cm)

https://apod.nasa.gov/apod/ap061228.html
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Radiation

https://apod.nasa.gov/apod/ap061228.html

L = AσT4, FA = L :

https://dothemath.ucsd.edu/2012/01/basking-in-the-sun/

L⊙ = 3.8 × 1033erg s−1

Solar luminosity

F =
L⊙

4πr2
= 1.34 × 106erg s−1cm−2

Equilibrium irradiation with BB radiation:

Stefan-Boltzmann constant σ =
π2k4

B

60ℏ3c2
= 5.67 × 10−5ergs−1cm−2K−4

Te = 392K ≃ 120oC

Two hippos at the Dublin zoo

Apparent brightness: flux at the telescope
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Spectral flux density
Astronomical objects typically show a broadband spectra: flux varying 
over an extended range of frequency 

This is seen across all wavelengths, i.e., from radio, IR, optical, UV, X-
ray to UV
In radio astronomy, flux density per Hz (J/s/m2/Hz) is commonly referred to 
as jansky (Jy)

Example: Crab SNR (pulsar subtracted) “Photometry in radio”
Jy/beam 

74Mhz

Bietenholtz, M.F., 1997, et 
al. ApJ, 490, 291

SNR of SN 1054 AD
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Broadband synchrotron spectrum of the Crab 

Zanin, R., 2017, in Torres, D.F., ed. Astroph. Sp. Sc. Lib., 446 (Springer-Verlag), 101 
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Multi-wavelength images of the Crab 

https://chandra.harvard.edu/photo/2018/crab/

IR (Spitzer)

Optical (HST)

X-ray (Chandra-X)

Composite
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Summary
Modern astronomy is enabled by increasingly powerful telescopes, nowadays covering 
an exceptionally broad range in energy spectrum, comprising both ground based and 
space based observatories. 


“Standard candles” such a Cepheid variables enable us to extend our distance 
estimates to extragalactic objects, notable M31 as shown by Hubble. 


“Space out there” appears to extend ad infinitum with the discovery of increasingly 
distant (faint) objects in the deep field of modern telescopes. 

Artist impression of the 
40 m E-ELT,  expected 
to see first light in 2025. ESO
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Q1. What is the angular size of the Sun? 

Homework Assignment 1 

HW1 is a review of some basic concepts of traditional astronomy.


This assignment is closed book (with no look-up to internet etc). You may use a 
calculator. There is no time-limit.  

A. The Sun is larger than the Moon in angular size, being larger in linear size.

B. The Sun is smaller than the Moon in angular size, because it more distant.

C. The Sun varies appreciably in angular size at different phases of the Moon.  

D. The Sun and Moon are of similar linear size evidenced by Solar eclipses.

E. The Sun and Moon are of similar angular size evidenced by Solar eclipses.
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Q2. The Moon originated from Earth a cataclysmic event some 4.52 Gyr ago. 
Thence, it gradually moved out by dissipative tidal interactions. 

A. In the distant past, the Moon appeared larger than the Sun in angular size. 

B. In the distant past, the Moon appeared smaller than the Sun in angular size. 

C. In the distant future, angular sizes of the Moon and Sun remain unchanged. 

D. Angular sizes of the Moon and Sun have always been essentially the same. 

Q3. Earth's minimum distance to Mars varies by about 10%. Based on the 
orbital parameters of Mars and Earth, most likely

A. Minimal distances vary largely by ellipticity of Mars’ orbit.

B. Minimal distances vary because rotation periods of Earth and Mars are different.

C. Minimal distances vary because Earth and Mars orbits are not co-planar. 

D. Minimal distances vary by orbital perturbations by Jupiter. 
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Q5. Mars spin period is remarkably similar to Earth because 

A. Mars may have had a sizable Moon in the past like ours, enabling it to spin down.

B. Mars was born slowly and did not need a (sizable) moon to spin down. 

C. Mars successfully spun down by tidal interactions with the Sun.

D. Possibly A or B but not C above.

Q4. Earth is fortunate to have a Moon because

A. Having a Moon in the sky looks pretty. 

B. It enabled Earth to spin down, permitting today’s Global Clement Climate.

C. The Moon partially blocks Sun light, beneficial to the origin of life.

D. The Moon’s orbital motion provides an accurate clock for time measured by months.
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Q6. In the small angle approximation, we have, in steradian,

A. Ω = θ2/16 

B. Ω = πθ2/4

C. Ω = θ2/4π

D. Ω = 2πθ

Astronomers initially built telescopes with large magnification factor to zoom in on 
details of known objects such as the Moon. Measured by spherical opening angle Ω, 
the Moon appears modest in size given its angular diameter θ.

Q7. The fraction of the celestial sphere f covered by the Moon satisfies
A. f = θ2

B. f = θ2/8

C. f = θ2/16

D. f = 2πθ
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Q9. An apple with diameter of 10 cm appears with the same angular size as the Moon 
in a tree at a distance of  

A. 1km 

B. 100m

C. 650m

D. 3km

Q8. Numerically, the fraction of the celestial sphere f works out to be about

A. f = 1/250000

B. f = 1.34e-5

C. f = 1/960

D. f = 4.76e-6
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Q11. Saturn’s rings are perturbed by embedded “shepherding” moons, notably, the  
Encke gap is created by the Moon Pan. Based on Fermat’s principle, 

A. The gap is created by Pan sweeping up matter 
from Saturn's rings.


B. Orbits delineating the two edges of the gap 
narrow near Pan.  


C. Orbits delineating the two edges of the gap 
widen near Pan.


D. Orbits delineating the two edges of the gap 
remain fundamentally circular. 

Q10. Surface gravity on the Moon is about 1/6th that on Earth. The Moon 
radius is 1737km. Hence, the mass of the Moon is approximately  

A. 50% of Earth’s mass.

B. 6 percent of Earth’s mass.

C. 3 percent of Earth’s mass.

D. 1 percent of Eath’s mass.

https://caps.gsfc.nasa.gov/simpson/kingswood/rings/

Pan
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Q1. The intensity of radiation from a warm body such as planets and the Sun

Homework Assignment 2 

HW2 is a review of some basic concepts of radiation.


This assignment is closed book (with no look-up to internet etc). You may use 
a calculator. There is no time-limit.  

A. Scales inversely with the distance to the object.

B. Sales inversely with the square of the distance to the object.

C. Is uniquely determined by the temperature of the object.  

D. Scales with the diameter of the object.
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A. TP is unrelated to the mean distance of Pluto to the Sun.

B. The average distance of Pluto to the Sun is about (TE /TP)2 AU.

C. The average distance of Pluto to the Sun is abut (TE /TP) AU.

D. Pluto is at any time in thermal equilibrium along its orbit. 

Q3. Pluto distance variation to the Sun scales with

A. (1+e)/(1-e)

B. 1+e

C. [(1+e)/(1-e)]1/2


D. 1-e

Q2. Pluto is a distant dwarf planet on a highly elliptic orbit (e = 0.25) with surface 
temperatures between 33-55K. Its average temperature of about TP = 44 K represents 
equilibrium in irradiation from the Sun and black body radiation from its surface. The 
latter is far less than from Earth with TE = 286 K. Given Earth’s distance to the Sun of 
1 UA, these temperatures indicate
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A. 12

B. 12.4

C. 5.4 

D. 26.76 

Q5. Hubble did not account for a potential variation of the period with 
distance because:

A. He was not ware of Doppler effects 

B. Doppler effects are negligible for objects in M31

C. Doppler effects would be of opposite sign (M31 moves towards us)

D. None of the above.

Q4. Hubble’s variable star in M31 (Cepheid V1) is familiar as a standard 
candle from the SMC (D0 = 0.2 Mly). At the distance of D = 2.4 Mly to M31, 
what is the change in apparent visual magnitude mv?
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A. 1K

B. 2K

C. 3K 

D. 4K

Q7. Based on Q6, the absolute magnitude of Betelgeuse with apparent visual 
magnitude mv = 0.6 is approximately Mv = -6.1, hence

A. Betelgeuse at 10 pc would appear dimmer than the Sun (at 1AU)  

B. Betelgeuse at 10 pc would appear brighter than the Sun (at 1AU)

C. By absolute magnitude, Betelgeuse is brighter than the Sun 

D. By absolute magnitude, Betelgeuse is dimmer than the Sun

Q6. Betelgeuse is a nearby massive star (eleven solar 
masses) with an absolute luminosity at a 
distance of about D = 220 pc. The same Hippos at the 
Dublin zoo, if exposed only to Betelgeuse, would 
theoretically develop a highest temperature of

L ≃ 105L⊙
Betelgeuse 
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A. 200Mpc

B. 1Gpc

C. 20Mpc

D. 4Mpc

Q9. Based on Q6, the absolute magnitude of Betelgeuse with apparent visual 
magnitude mv = 0.6 is approximately Mv = -6.1, hence

A. Betelgeuse at 10 pc would appear dimmer than the Sun (at 1AU)  

B. Betelgeuse at 10 pc would appear brighter than the Sun (at 1AU)

C. By absolute magnitude, Betelgeuse is brighter than the Sun 

D. By absolute magnitude, Betelgeuse is dimmer than the Sun

Q8. The limiting visual magnitude for the HST is about 31. Consider a star like 
Cepheid V1 in M31 (D = 2.4Mly; see figure). Ignoring reddening (!), assume 
canonical observational times by which HST may see it out to 

Goff, B., et al., 2012, 
SAS, 31st Ann Symp.  

Telescope Sc.
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A. Integration over  

B. Integration over 

C. Integration over both A and B.

D. Cannot be served from A or B.

ν ≤ ν′ 

ν ≥ ν′ 

Q11. Given the distance D = 2kpc,  bolometric luminosity of the Crab (Q10) 
is about

A.   

B. 

C. 

D.

1030W
1031W
1032W
1033W

Q10. The broadband spectrum of the Crab SNR (Zanin 2017) shows a 
maximum in  at a transition to a power law index p = -0.1 from p = 0.7 in the 

UV across  The bolometric luminosity  derives mostly from  

νFν

ν′ ≃ 1015Hz . ∫ Fνdν

Zanin, R., 2017, in Torres, D.F., ed. Astroph. Sp. Sc. 
Lib., 446 (Springer-Verlag), 101 
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Q12. The Crab harbors a radio pulsar given by a rapidly spinning neutron 
star (NS) with present-day period P = 33 ms, powering the SNR emission 
(Q10-11) by magnetic winds, gradually shedding its angular momentum. 
Assume a moment of inertia  of the star with canonical 
parameters of mass and radius ( . Its spin-down 
defines a characteristic age  of about   

I = (1/5)MR2

M = 1.5M⊙, R = 12km)
τ = P/2 ·P

A. 1yr  

B. 10yr

C. 100yr

D. 1000 yr


