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Across the Universe Stars and Galaxies

Night sky provides a strong impression of a changeless universe

G Clouds drift across the Moon + on longer times Moon itself grows and shrinks
G Moon and planets move against the background of stars
G These are merely local phenomena caused by motions within our solar system
G Far beyond planets + stars appear motionless
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Night sky provides a strong impression of changeless universe

Clouds drift across the Moon ☛ on longer times Moon itself grows and shrinks

Moon and planets move against the background of stars

These are merely local phenomena caused by motions within our solar system

Far beyond planets ☛ stars appear motionless
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 Impression of changelessness star background is illusory3



 Impression of changelessness star background is illusory3



 Impression of changelessness star background is illusory3



 Impression of changelessness star background is illusory3



Distances involved are so large that we specify them in 
terms of the time it takes the light to travel a given distance

How long would it take the space shuttle to go 1 ly?

Shuttle orbits Earth @18,000 mph ☛ it would need 37, 200 yr

➣ light second ☛

➣ light minute ☛

➣ light year ☛

Across the Universe Stars and Galaxies

Distances involved are so large that we specify them
in terms of the time it takes the light to travel a given distance

light second + 1 ls = 1 s 3 ⇥ 108 m/s = 3 ⇥ 108m = 300, 000 km
light minute + 1 lm = 18 ⇥ 106 km
light year + 1 ly = 2.998 ⇥ 108 m/s · 3.156 ⇥ 107 s/yr

= 9.46 ⇥ 1015 m ⇡ 1013 km

How long would it take the space shuttle to go 1 ly?

Shuttle orbits Earth @ 18,000 mph + it would need 37, 200 yr
L. A. Anchordoqui (CUNY) Conceptual Physics 12-5-2017 6 / 19

13 101_4 - September 17, 2019

Across the Universe Stars and Galaxies

Distances involved are so large that we specify them
in terms of the time it takes the light to travel a given distance

light second + 1 ls = 1 s 3 ⇥ 108 m/s = 3 ⇥ 108m = 300, 000 km
light minute + 1 lm = 18 ⇥ 106 km
light year + 1 ly = 2.998 ⇥ 108 m/s · 3.156 ⇥ 107 s/yr

= 9.46 ⇥ 1015 m ⇡ 1013 km

How long would it take the space shuttle to go 1 ly?

Shuttle orbits Earth @ 18,000 mph + it would need 37, 200 yr
L. A. Anchordoqui (CUNY) Conceptual Physics 12-5-2017 6 / 19

13 101_4 - September 17, 2019

Across the Universe Stars and Galaxies

Distances involved are so large that we specify them
in terms of the time it takes the light to travel a given distance

light second + 1 ls = 1 s 3 ⇥ 108 m/s = 3 ⇥ 108m = 300, 000 km
light minute + 1 lm = 18 ⇥ 106 km
light year + 1 ly = 2.998 ⇥ 108 m/s · 3.156 ⇥ 107 s/yr

= 9.46 ⇥ 1015 m ⇡ 1013 km

How long would it take the space shuttle to go 1 ly?

Shuttle orbits Earth @ 18,000 mph + it would need 37, 200 yr
L. A. Anchordoqui (CUNY) Conceptual Physics 12-5-2017 6 / 19

13 101_4 - September 17, 2019

Across the Universe Stars and Galaxies

Distances involved are so large that we specify them
in terms of the time it takes the light to travel a given distance

light second + 1 ls = 1 s 3 ⇥ 108 m/s = 3 ⇥ 108m = 300, 000 km
light minute + 1 lm = 18 ⇥ 106 km
light year + 1 ly = 2.998 ⇥ 108 m/s · 3.156 ⇥ 107 s/yr

= 9.46 ⇥ 1015 m ⇡ 1013 km

How long would it take the space shuttle to go 1 ly?

Shuttle orbits Earth @ 18,000 mph + it would need 37, 200 yr
L. A. Anchordoqui (CUNY) Conceptual Physics 12-5-2017 6 / 19

13 101_4 - September 17, 2019

4



Across the Universe Stars and Galaxies

For specifying distances to Sun and Moon we usually use km

but we could specify them in terms of light
Earth-Moon distance is 384,000 km + 1.28 ls.
Earth-Sun distance is 150,000,000 km + 8.3 lm
Far out in the solar system
Pluto is about 6 ⇥ 109 km from the Sun + 6 ⇥ 10�4 ly
Nearest star to us + Proxima Centauri is about 4.3 ly away
Nearest star is 10,000 times farther from us

than outer reach of solar system
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For specifying distances to Sun and Moon we usually use km 

but we could specify them in terms of light  

Earth-Moon distance is 384,000 km ☛ 1.28 ls 

Earth-Sun distance is 150,000,000 km ☛ 8.3 lm 

Far out in the solar system 
Pluto is about 6 x 109 km from the Sun ☛ 6 x 10-4 ly  

Nearest star to us ☛ Proxima Centauri is about 4.3 ly away 

Nearest star is 10,000 times farther from us 
than outer reach of solar system 
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The Sun’s Closest Neighbors
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Potential for primitive life on icy Barnard b super-earth planet          

if geothermal activity exists
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On clear moonless nights thousands of stars with varying degrees  

of brightness can be seen ☛ as well as the long cloudy strip known 

as Milky Way 

Galileo first observed with his telescope that Milky Way is 
comprised of countless numbers of individual stars

Across the Universe Stars and Galaxies

On clear moonless nights thousands of stars with varying degrees of brightness
can be seen + as well as the long cloudy strip known as Milky Way

Galileo first observed with his telescope that Milky Way
is comprised of countless numbers of individual stars

Half century later (about 1750) Thomas Wright suggested that Milky Way
was a flat disc of stars extending to great distances in a plane

which we call Galaxy (Greek for “milky way”)

Milky Way over Quiver Tree Forest in southern Namibia
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Milky Way over Quiver Tree Forest in southern Namibia 
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Half century later (about 1750) Thomas Wright suggested that Milky 
Way was a flat disc of stars extending to great distances in a plane 
which we call Galaxy (Greek for “milky way”) 



Spiral galaxy ☛ you could view it from top or bottom 
and it would look like a spinning pinwheel

Milky Way... 
9



Across the Universe Stars and Galaxies

Galaxy has diameter ⇠ 100, 000 ly and thickness ⇠ 2, 000 ly

It has a bulging central “nucleus” and spiral arms
Our Sun is located half way from the Galactic center to the edge

some 26, 000 ly from the center
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Galaxy has diameter ∼100, 000 ly and thickness ∼ 2, 000 ly 
It has a bulging central “nucleus” and spiral arms 
Our Sun is located half way from the Galactic center to the edge 

some 26, 000 ly from the center 
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Sun Globular
clusters
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Sun orbits Galactic center about once every 250 million years 

Its speed is ➴

Assume most of the mass is concentrated near center of Galaxy 

✧ Total mass of all stars can be estimated using orbital data of Sun 

✧
✧

✧
✧

✧ Apply Newton’s laws

Sun and solar system (of total mass m) move in circular orbit 
around Galaxy center (of total mass M)

Assuming all stars in Galaxy are similar to Sun ✧
we conclude that there are roughly 1011 stars in the Galaxy 

<latexit sha1_base64="IzJEG52h4Oh6/vD6ietNtnCkywM="></latexit>

v =
2⇡ 26, 000⇥ 1013 km

2.5⇥ 108 yr 3.156⇥ 107s/yr
= 200 km/s

<latexit sha1_base64="dWWy5yg3dZ89YEJyiCNLEchUshU="></latexit>

GMm

r2
= m

v2

r
<latexit sha1_base64="fzCGt7MaaG6S+icC2dyJopBOsVc="></latexit>

G = 6.674⇥ 10�11 N m2 kg�2

<latexit sha1_base64="JXpkKuXBtEllwrAJoX71Ga5iTG0="></latexit>

(M� ⇡ 2⇥ 1030 kg)

<latexit sha1_base64="bET9OKmHKRjpLmwR47CzhZKVsAM="></latexit>

M =
rv2

G
⇡ 2⇥ 1041kg
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In addition to stars we can see with telescope 
many faint cloudy patches that were once called “nebulae” 

Those in the constellations of Andromeda and Orion 
can actually be discerned with naked eye on clear night 

At first it was not universally accepted that these objects 
were extragalactic 

Very large telescopes constructed in XX century
resolved individual stars within these extragalactic objects 
that also contain spiral arms 

It became logical that nebulae must be galaxies similar to ours 

Distance to nearest spiral galaxy ☛ Andromeda over 2 million ly 
a distance 20 times greater than the diameter of our Galaxy 

Today it is thought there are ∼ 4 x 1010 galaxies 
that is as many galaxies as there are stars in the Galaxy 
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Across the Universe Stars and Galaxies

Deep field of view as seen by Hubble Space Telescope
1.3 Black-body radiation

Figure 1.2: An excerpt from the Deep Field View taken by the Hubble Space Telescope.

1.3.1 Kirchho�-Planck distribution

Planck found empirically 1900 the so-called Kirchho�-Planck (or simply Planck) distribution

B�d� =
2h�3

c2

1

exp( h�
kT ) � 1

d� (1.6)

describing the amount of energy emitted into the frequency interval [�, � + d�] and the solid
angle d� per unit time and area by a body in thermal equilibrium. The function B� depends
only on the temperature T of the body (apart from the natural constants k, c and h) and is
shown in Fig. 1.4 for di�erent temperature T . The dimension of B� in the cgs system of units
is

[B� ] =
erg

Hz cm2 s sr
. (1.7)

In general, the amount of energy per frequency interval [�, � +d�] and solid angle d� crossing
the perpendicular area A� per time is called the (di�erential) intensity I� , cf. Fig. 1.3,

I� =
dE

d� d� dA� dt
. (1.8)

For the special case of the blackbody radiation, the di�erential intensity is given by the
Kirchho�-Planck distribution, I� = B� .

Equation (1.6) gives the spectral distribution of black-body radiation as function of the
frequency �. In order to obtain the corresponding formula as function of the wavelength �,
one has to re-express both B� and d�: With � = c/� and thus d� = �c/�2d�, it follows

B�d� =
2hc2

�5

1

exp( hc
�kT ) � 1

d� . (1.9)
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Deep field of view as seen by Hubble Space Telescope 
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Types of Galaxies18



The spiral galaxy NGC 2008, located about 425 million light-years 
from Earth in the constellation of Pictor
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Elliptical galaxies usually contain little gas and dust and show very 
little organization or structure

The stars orbit around the core in random directions and are 
generally older than those in spiral galaxies since little of the gas 
needed to form new stars remains

20



Have no particular shape

Having a lot of gas and dust means 

that these galaxies have a lot of star 

formation going on within them

They are among the smallest 
galaxies and are full of gas and dust

This can make them very bright

Irregular galaxies 21



The Local Group

The Local Group is the Galaxy Group that includes the Milky Way 
Diameter 10 million light years

22



Virgo Super Cluster23



What is the Milky Way? It is: 

A. an asteroid  

B. a bright star  

C. a comet  

D. a galaxy
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What is the Milky Way? It is: 
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Which of the following words best describes the shape 

of our galaxy? 

A. Spherical 

B. Elliptical  

C. Spiral 

D. Barred -Spiral
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Which of the following words best describes the shape 

of our galaxy? 

A. Spherical 
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This type of galaxy resembles a pinwheel?

A. Irregular 

B. Globular 

C. Elliptical  

D. Spiral
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This type of galaxy resembles a pinwheel?

A. Irregular 

B. Globular 

C. Elliptical  

D. Spiral
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This type of galaxy contains older stars and has very 

little gas and dust

A. Irregular 

B. Elliptical  

C. Spiral 

D. Globular
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This type of galaxy contains older stars and has very 

little gas and dust

A. Irregular 

B. Elliptical  

C. Spiral 

D. Globular
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This type of galaxy contains lots of gas and dust, and 

has no defined shape

A. Spiral 

B. Globular 

C. Irregular 

D. Elliptical
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This type of galaxy contains lots of gas and dust, and 

has no defined shape

A. Spiral 

B. Globular 

C. Irregular 

D. Elliptical
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One of these choices is NOT a type of galaxy

A. Globular 

B. Elliptical 

C. Spiral 

D. Irregular

34



One of these choices is NOT a type of galaxy

A. Globular 

B. Elliptical 

C. Spiral 

D. Irregular
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The Milky Way galaxy is located in a group of galaxies 

called

A. The Orion Group 

B. The Scorpio Group 

C. The Saggitarius Group 

D. The Local Group

36



The Milky Way galaxy is located in a group of galaxies 

called

A. The Orion Group 

B. The Scorpio Group 

C. The Saggitarius Group 

D. The Local Group
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What is the definition of one Astronomical Unit? 

A. the average distance from the Sun to Earth  

B. the average distance from the Earth to Sun  

C. average radius of Earth orbit  

D. all of the above  
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What is the definition of one Astronomical Unit? 

A. the average distance from the Sun to Earth  

B. the average distance from the Earth to Sun  

C. average radius of Earth orbit  

D. all of the above  
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The diameter of the Milky Way galaxy is approximately

A. 10,000 AU 

B. 100, 000 light years 

C. 1000 light years 

D. 100,000 AU
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The diameter of the Milky Way galaxy is approximately

A. 10,000 AU 

B. 100, 000 light years 

C. 1000 light years 

D. 100,000 AU

41



Our solar system is located on this part of the Milky Way

A. Pegasus center 

B. Orion arm 

C. Pegasus arm 

D. Orion center
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Our solar system is located on this part of the Milky Way

A. Pegasus center 

B. Orion arm 

C. Pegasus arm 

D. Orion center
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Our solar system is located this distance from the center 

of the Milky Way galaxy.

A. 26,000 AU 

B. 26,000 light years 

C. 4.2 light years 

D. 2600 AU
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Our solar system is located this distance from the center 

of the Milky Way galaxy.

A. 26,000 AU 

B. 26,000 light years 

C. 4.2 light years 

D. 2600 AU
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QUERY 12

How long does it take light to travel from the Sun to the Earth?  
The Sun’s nearest neighbor among the stars, a dim little star called 
Proxima Centauri, is at a distance of 206,000 AU from us 
How long does it take light to travel from Proxima Centauri to the 
Earth? 
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QUERY 12
The average distance from the Sun to the Earth is 

The speed of light is 

The time it takes light to travel from the Sun to the Earth is thus 

In other words, it takes light 8 minutes and 20 seconds to reach the 
Earth from the Sun  

47

<latexit sha1_base64="yVdhhHP2rh7EuTm446kN6u3Jz5Q="></latexit>

d = 1AU 1.5⇥ 1011 meters = 1.5⇥ 108 kilometers
<latexit sha1_base64="xNNQJDra5cFsX/APOJOiCjSNzv0="></latexit>

c = 3⇥ 108 meters/sec = 300, 000 kilometers/sec

<latexit sha1_base64="6zKvmSamX6cY0XOA7TdCFfmUNTo="></latexit>

t =
d

c
=

1.5⇥ 1011 meters

3⇥ 108 meters/sec
= 500 seconds

The distance from Proxima Centauri to the Sun is 
<latexit sha1_base64="B8RiEjuXB36y8zWNcTv98S7GHRA="></latexit>

dprox�C = 206, 000AU⇥ 1.5 ⇥ 1011 meters

1 AU
= 4.00 ⇥ 1016 meters



QUERY 12

Thus, the time it takes light to travel from Proxima Centauri to the 
Sun is

This length of time can also be written as 2.22 × 106 min, or as  

37, 100 hr, or as 1, 540 days, or as 4.23 years. (The travel time to the 

Earth, rather than the Sun, can differ from the number by as much as 

8 minutes and 20 seconds, depending on where the Earth is on its 

orbit relative to Proxima Centauri.)  
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tprox�C =
dprox�C

c
=

4.00⇥ 1016 meters

3⇥ 108 meters/sec
= 1.33⇥ 108 seconds



QUERY 13
The Voyager 1 spacecraft is presently 105.1 astronomical units from 
the Sun, and is moving away from the Sun at a speed of 17,260 
meters per second. If it were traveling directly toward Proxima 
Centauri, and maintained its present speed for the entire journey, 
how long would it take to reach Proxima Centauri? 
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QUERY 13

The distance from the Sun to Proxima Centauri is
as we computed in the previous problem

The distance from the Sun to Voyager 1 is 

This means that Voyager 1 has traveled only 0.04% of the distance 
to Proxima Centauri, and we can write the distance from Voyager 
1 to Proxima Centauri as

<latexit sha1_base64="yMSygtC4LCPZYrY+2djurdP7ZZ8="></latexit>

dprox�C = 4.00⇥ 1016

<latexit sha1_base64="5MIdlL+L6fnsOfOoo0BHuiHslrI="></latexit>

dVoyager=105.1 AU ⇥(1.5⇥1011 meters/1AU) = 1.58⇥1013 meters

<latexit sha1_base64="IV3W7yhBIVBYOMibpi4sm3j4xYE="></latexit>

d = dprox�C � dVoyager=4.00 ⇥1016 meters
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t =
d

v
=

4⇥ 1016 m

17, 260 m/s
= 2.3⇥ 1012 s = 74, 000 yr



Why do far away objects appear 
to go slow when they are 

actually moving quite fast?
The angular shift in position with time gives the perception of speed➣

It is easier to see something moving across your field of vision 
than directly toward or away from you

➣

➣The further an object is away ☛ the longer it takes to cross your 
field of view
Effectively ☛ this is the angle subtended by your "before" and 
"later" view of an object position

➣

When an object is close, say 100 m from you, and moves away at  
10 km per hour ☛ you will see it moving away 

➣

➣

➣

After an hour the object will be roughly 10 km away
When the same object is 1000 km away and moves at the same 
speed away from you (or towards you, doesn't really even  matter) 
the object will be about 1000 km away several hours later 
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How can you measure the distance 
to an object you can’t reach?

54



How can you measure the distance 
to an object you can’t reach?

➣  Use triangles...

55



Triangles

The small triangle has the same shape as the large one

By measuring the two sides of the small triangle and the short 
side of the big triangle  we can calculate the length of the long 
side of the big triangle
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Measuring distance
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D

A
=

d

a
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a
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d
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So, how can we measure the distance to stars? 

<latexit sha1_base64="EQ7Q7ewVd0fKpwCLiG322PRM548=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJTnba7ohuXLdgHtEPJpJk2NpMZkoxQhn6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSM1kUCwhu+ZelpELDUHVCvIM8Wqo7HrQsdECJbBCY1B87w9jkkZUaMKxUj0HJdrPsNSMcDor9FNFE0wmeER7hgocUeVni0Nn8MwoQxjG0pTQcKF+n8hwpNQ0CkxnhPVY/fbm4l9eL9Vh1c+YSFJNBVkuClMOdQznX8Mhk5RoPjUEE8nMrZCMscREm2wKJoSvT+H/pO3ajmd7zYtS/WoVRx6cgFNwDhxQAXVwAxqgBQig4AE8gWfrznq0XqzXZWvOWs0cgx+w3j4BTSSNTA==</latexit>p

<latexit sha1_base64="EQ7Q7ewVd0fKpwCLiG322PRM548=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJTnba7ohuXLdgHtEPJpJk2NpMZkoxQhn6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSM1kUCwhu+ZelpELDUHVCvIM8Wqo7HrQsdECJbBCY1B87w9jkkZUaMKxUj0HJdrPsNSMcDor9FNFE0wmeER7hgocUeVni0Nn8MwoQxjG0pTQcKF+n8hwpNQ0CkxnhPVY/fbm4l9eL9Vh1c+YSFJNBVkuClMOdQznX8Mhk5RoPjUEE8nMrZCMscREm2wKJoSvT+H/pO3ajmd7zYtS/WoVRx6cgFNwDhxQAXVwAxqgBQig4AE8gWfrznq0XqzXZWvOWs0cgx+w3j4BTSSNTA==</latexit>p

Take two telescopes some distance apart and observe the same star 

Measure the tilt between the two telescopes  
this sets all the angles for the triangles  

Then we can find the distance to the star from the distance 
between the telescopes and the angle of the tilt 
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So, how can we measure the distance to stars? 

We want to use the largest distance we can for the short side 
of the big triangle 

What is the largest distance we can get between the two 
telescopes (if both of them have to be on Earth – no spacecraft). 

The largest distance is not obtained by placing the two 
telescopes at opposite ends of the Earth 

Instead, we can use one telescope and just let the earth move 
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A.U. = Astronomical Unit = distance from Earth to Sun 
A.U. = Astronomical Unit = distance from Earth to Sun 
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The distance is then specified in parsecs  
(meaning PARallax angle inSEConds of arc)

Distances to stars are often specified in terms of 

parallax angles given in seconds of arc: 

1 second (1'') is 1/60 of a minute (1') of arc  

which is 1/60 of a degree  

so 1'' = 1/3600 of a degree. 

where the parsec is defined as 1/p with p in seconds
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Stellar Parallax 

As Earth moves from one 
side of the Sun to the 
other, a nearby star will 
seem to change its 
position relative to the 
distant background stars. 

d = 1 / p 
d = distance to nearby 
star in parsecs 

p = parallax angle of that 
star in arcseconds 

14 101_5 - September 24, 2019

As Earth moves from one side 
of the Sun to the other,  
a nearby star will seem  

to change its position relative 
to the distant background stars

☛ distance to nearby  
star in parsecs 

☛ parallax angle of that 
star in arcseconds 

Stellar Parallax 

<latexit sha1_base64="GLQg1eHbA4v21dPneCP96IadLy0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARP44xINAch6MVjBLNAMoSenp6kSU9P090jhCEf4cWDIl79Hm/+jZ1FcH1Q8Hiviqp6oeRMG897dxYWl5ZXVgtrxfWNza3t0s5uU6eZIrRBUp6qdog15UzQhmGG07ZUFCchp61weDXxW3dUaZaKWzOSNEhwX7CYEWys1IrQBfKPZa9U9tyq51crPvpNfNebogxz1Hult26UkiyhwhCOte74njRBjpVhhNNxsZtpKjEZ4j7tWCpwQnWQT88do0OrRChOlS1h0FT9OpHjROtREtrOBJuB/ulNxL+8Tmbi8yBnQmaGCjJbFGccmRRNfkcRU5QYPrIEE8XsrYgMsMLE2ISKNoTPT9H/pHni+hW3cnNarl3O4yjAPhzAEfhwBjW4hjo0gMAQ7uERnhzpPDjPzsusdcGZz+zBNzivHxe2jso=</latexit>

d = 1/p
<latexit sha1_base64="IVRnQ+xx4zcQf/cS6oZCwte7zNg=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMYhZIhtDT05M06e4ZunuEMOQPvHhQxKt/5M2/sbMIrg8KHu9VUVUvTDnTxvPencLS8srqWnG9tLG5tb1T3t1r6SRThDZJwhPVCbGmnEnaNMxw2kkVxSLktB2OLqd++44qzRJ5a8YpDQQeSBYzgo2VbiLUL1c8t+b5taqPfhPf9WaowAKNfvmtFyUkE1QawrHWXd9LTZBjZRjhdFLqZZqmmIzwgHYtlVhQHeSzSyfoyCoRihNlSxo0U79O5FhoPRah7RTYDPVPbyr+5XUzE58HOZNpZqgk80VxxpFJ0PRtFDFFieFjSzBRzN6KyBArTIwNp2RD+PwU/U9aJ65fdavXp5X6xSKOIhzAIRyDD2dQhytoQBMIxHAPj/DkjJwH59l5mbcWnMXMPnyD8/oBkkqNaw==</latexit>

d

<latexit sha1_base64="XM/PQl73sQ95N9DZKb5I33lWkYc=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4xINLegF48JmAWSIfR0apI2PT1Dd48QQr7AiwdFvPpJ3vwbO4vg+qDg8V4VVfXCVHBtPO/dWVpeWV1bz23kN7e2d3YLe/sNnWSKYZ0lIlGtkGoUXGLdcCOwlSqkcSiwGQ6vpn7zDpXmibwxoxSDmPYljzijxkq1tFsoem7Z88sln/wmvuvNUIQFqt3CW6eXsCxGaZigWrd9LzXBmCrDmcBJvpNpTCkb0j62LZU0Rh2MZ4dOyLFVeiRKlC1pyEz9OjGmsdajOLSdMTUD/dObin957cxEF8GYyzQzKNl8UZQJYhIy/Zr0uEJmxMgSyhS3txI2oIoyY7PJ2xA+PyX/k8ap65fcUu2sWLlcxJGDQziCE/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd565KzmDmAb3BePwBOso1N</latexit>p
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Closer star – larger parallax 

15 101_5 - September 24, 2019

Closer star – larger parallax 

15 101_5 - September 24, 2019

Closer star – larger parallax 
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Example ☛ Using parallax to determine distance 

The bright star Vega has a measured parallax of 
<latexit sha1_base64="vFbWZq0z9wAShFsX7gTQkQXl4lk=">AAACCHicbVDLSgMxFM34rPU16tKFoUWom2FGpLoRim5cVrAP6JSSSTNtaJIZkoxQhrpz46+4caGIWz/BnX9jpp2Fth64cDjn3uTeE8SMKu2639bS8srq2npho7i5tb2za+/tN1WUSEwaOGKRbAdIEUYFaWiqGWnHkiAeMNIKRteZ37onUtFI3OlxTLocDQQNKUbaSD37yHU86ENfcpgiqQiewAdYieElzIzSSc8uu447BVwkXk7KIEe9Z3/5/QgnnAiNGVKq47mx7pq3NcWMTIp+okiM8AgNSMdQgThR3XR6yAQeG6UPw0iaEhpO1d8TKeJKjXlgOjnSQzXvZeJ/XifR4UU3pSJONBF49lGYMKgjmKUC+1QSrNnYEIQlNbtCPEQSYW2yK5oQvPmTF0nz1PGqTvX2rFy7yuMogENQAhXggXNQAzegDhoAg0fwDF7Bm/VkvVjv1sesdcnKZw7AH1ifPzJflkU=</latexit>

0.1 arsec (p = 0.1”)

This means that Vega appears to move from 

with respect to distant stars over a year︎ of observation 

to
<latexit sha1_base64="3EViLGl076W/e6z0TfVLyuXG5Ac=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWy2k3bpZhN2N0IJ9T948aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YhK81g+mHGCfkQHkoecUWOl1vkTcSse6ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdK8qHjVSvX+sly7yeMowDGcwBl4cAU1uIM6NIDBCJ7hFd6cxHlx3p2PeeuKk88cwR84nz9Qg45D</latexit>

+ 0.1
<latexit sha1_base64="KzM8gncIABffx1br/KmRYEyQiE0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaUDbbSbt0swm7G6GE+h+8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSwfzDhBP6IDyUPOqLFS6/yJuBWP9Eplt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14bWfcZmkBiWbLwpTQUxMpr+TPlfIjBhbQpni9lbChlRRZmxCRRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx9Tl45F</latexit>� 0.1

Vega is from Earth

<latexit sha1_base64="pCuE6KEg5rjLL3TX07N9JLHqQxI=">AAACEHicdVDLSgMxFM3UV62vUZduQovYbsYZkWoXhaIuXFawD2iHkkkzbWhmJiQZoQztH7jxV9y4UMStS3f+jelD8Hkg3MM593Jzj8cZlcq2343UwuLS8kp6NbO2vrG5ZW7v1GUUC0xqOGKRaHpIEkZDUlNUMdLkgqDAY6ThDc4nfuOGCEmj8FoNOXED1AupTzFSWuqYBxcw3xYBTDguwHF5DJ1Dns8WyrralgN1teGY41HHzNlWyXZKRQf+Jo5lT5EDc1Q75lu7G+E4IKHCDEnZcmyu3AQJRTEjo0w7loQjPEA90tI0RAGRbjI9aAT3tdKFfiT0CxWcql8nEhRIOQw83Rkg1Zc/vYn4l9eKlX/qJjTksSIhni3yYwZVBCfpwC4VBCs21ARhQfVfIe4jgbDSGWZ0CJ+Xwv9J/chyilbx6jhXOZvHkQZ7IAvywAEnoAIuQRXUAAa34B48gifjzngwno2XWWvKmM/sgm8wXj8A2ZSYvA==</latexit>

D(pc) = 1/p(”) = 1/0.1 = 10 pc
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10 pc (parsec)

<latexit sha1_base64="npaC6829F7pOlaAB9ubUW4ZlY/I=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFchaRKdSMU3bisYB/QhDKZTtuhM5MwMxFCaNdu/BU3LhRx6w+482+ctllo64ELh3Pu5d57wphRpV3321pZXVvf2CxsFbd3dvf27YPDpooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh6Gbqtx6IVDQS9zqNScDRQNA+xUgbqWuXPDjxJYdZjOEVPHMqVTiBjA6GGvowJUiqcdcuu447A1wmXk7KIEe9a3/5vQgnnAiNGVKq47mxDjIkNcWMjIt+okiM8AgNSMdQgThRQTb7ZQxPjNKD/UiaEhrO1N8TGeJKpTw0nRzpoVr0puJ/XifR/csgoyJONBF4vqifMKgjOA0G9qgkWLPUEIQlNbdCPEQSYW3iK5oQvMWXl0mz4nhVp3p3Xq5d53EUwDEogVPggQtQA7egDhoAg0fwDF7Bm/VkvVjv1se8dcXKZ47AH1ifP4DOmNs=</latexit>

1 pc = 3.26 light yearsRemember ☛ 
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Powers of ten are shorthand for writing very large numbers 

100 = 1 One

101 = 10 Ten (deca)

102 = 100 Hundred (centa)

103 = 1,000 Thousand (kilo)

106 = 1,000,000 Million (mega)

109 = 1,000,000,000 Billion (giga)

1012 = 1,000,000,000,000 Trillion (tera)

1015 = … Quadrillion (peta)

1054 = … Septendecillion
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Powers of ten are shorthand for writing very large numbers 

100 = 1 One

10-1 = 0.1 One tenth (deci)
10-2 = 0.01 One hundredth (centi)

10-3 = 0.001 One thousandth (milli)

10-6 = 0.000,001 One millionth (micro)

10-9 = 0.000,000,001 One billionth (nano)

10-12 = 0.000,000,000,001 One trillionth (pico)

10-15 = … One quadrillionth (femto)

10-54 = … One septendecillionth
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Back to the solar system
Volume of solar system taken up by ︎stuff ︎ 

= (volume of Sun)/(volume of solar system) 

= (radius of Sun)3/(radius of Pluto’ ︎s orbit)3 

= (7×108)3/(6×1012)3 

= (73×108×3)/(63×1012×3) 

= (73/63)×(108×3-12×3) 

= 1.6×10-12 = about a millionth of a millionth 
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Sizes are in meters Sizes are in meters Sizes are in meters Sizes are in meters Sizes are in meters 

Sizes are in meters 
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Flux and luminosity  

A star produces light ☛ the total amount of energy that  
a star puts out as light each second is called its Luminosity 

✧

If we have a light detector (eye, camera, telescope)  
we can measure the light produced by the star ☛ the total 
amount of energy intercepted by the detector divided by 
the area of the detector is called the Flux 

✧
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Flux and luminosity  

✧

✧

To find the luminosity, we take a shell which completely 
encloses the star and measure all the light passing 
through the shell 

To find the flux, we take our detector at some particular 
distance from the star and measure the light passing only 
through the detector

How bright a star looks to us is determined by its flux, 
not its luminosity 

	 Brightness = Flux 
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Flux and luminosity  

✧

✧

Flux decreases as we get farther from the star – like 1/distance2

Mathematically, if we have two stars A and B 

<latexit sha1_base64="AMEnDY+qVdUYlo61rIfDwIRQLJ0="></latexit>

FluxA
FluxB

=
LuminosityA
LuminosityB

✓
DistanceB
DistanceA

◆2

72



Distance-Luminosity relation: 
Which star appears brighter to the 

observer? 

d 

2d 

L 
2L 

Star B 

Star A 

Which star appears brighter to the observer?

Distance - Luminosity relation73



Flux and luminosity  

<latexit sha1_base64="wfmJbnYtBSVNrYQ16EodzuYox3s="></latexit>

FluxA
FluxB

=
LuminosityA
LuminosityB

✓
DistanceB
DistanceA

◆2

<latexit sha1_base64="4y9CxPyESxI3FAMWJtUtkuF8zyQ="></latexit>

= 2

✓
1

2

◆2

= 2

✓
1

4

◆
=

1

2

<latexit sha1_base64="DTNC1uptAdKC304vb1cyEN9M2hs="></latexit>

LuminosityA
LuminosityB

= 2
DistanceB
DistanceA

=
1

2
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Brightness of stars 
Ptolemy (150 A.D.) grouped stars into 6 magnitude ︎ 
groups according to how bright they looked to his eye 

Herschel (1800s) first measured the brightness of stars 
quantitatively and matched his measurements onto 
Ptolemy︎s magnitude groups and assigned a number for 
the magnitude of each star

➣

➣
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Brightness of stars 

➣

➣

In Herschel ︎s system, if a star is 1/100 as bright as 
another then the dimmer star has a magnitude 5 higher 
than the brighter one 

Note that dimmer objects have higher magnitudes 
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Absolute magnitude 
The magnitude of a star gives it brightness or 
flux when observed from Earth 

To talk about the properties of star, independent 
of how far they happen to be from Earth, we use 
︎absolute magnitude︎ 

Absolute magnitude is the magnitude that a star 
would have viewed from a distance of 10 parsecs 

Absolute magnitude is directly related to the 
luminosity of the star 
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If the DIAMETER of a circular sunspot is doubled, 

how many times as great would be its area? 

A. 2 

B. 6 

C. 4 

D. 8
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If the DIAMETER of a circular sunspot is doubled, 

how many times as great would be its area? 

A. 2 

B. 6 

C. 4 

D. 8
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The determination of stellar parallax is important 

because it allows the determination of: 

A. mass  

B. acceleration  

C. distance  

D. velocity 
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The determination of stellar parallax is important 

because it allows the determination of: 

A. mass  

B. acceleration  

C. distance  

D. velocity 
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QUERY 14
Hipparcos (in full High Precision Parallax Collecting Satellite) was 
an Earth-orbiting satellite launched by the European Space Agency 
in 1989 that operated until 1993 

The satellite measured the distances to more than 100,000 stars 
by direct triangulation using observations of parallax from either 
side of Earth’s orbit around the Sun 

If Hipparcos measured the parallax of a star to be 0.01 arc-seconds. 
What is the distance to the star? 
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QUERY 14

The apparent shift position of a star when it is view from 2 different 
locations is known as parallax. 

It is used to measure the distances to nearby stars 

The distance to the star in pc is  ☛

with the parallax angle measured in arc sec 
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D =
1

p

<latexit sha1_base64="pLjn8HH0V8SYOCD3GsllGQwiTaI=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgasiIVLsQirpwWcHaQjuUTJppQ5PMkGTEMrSf4saFIm79EXf+jelD8HngwuGce7n3njDhTBuE3p3cwuLS8kp+tbC2vrG55W4Xb3ScKkLrJOaxaoZYU84krRtmOG0mimIRctoIB+cTv3FLlWaxvDbDhAYC9ySLGMHGSh23eAFP4Rj6CI1hW4ksIaOOW0JeBfmVsg9/E99DU5TAHLWO+9buxiQVVBrCsdYtHyUmyLAyjHA6KrRTTRNMBrhHW5ZKLKgOsuntI7hvlS6MYmVLGjhVv05kWGg9FKHtFNj09U9vIv7ltVITnQQZk0lqqCSzRVHKoYnhJAjYZYoSw4eWYKKYvRWSPlaYGBtXwYbw+Sn8n9wcen7ZK18dlapn8zjyYBfsgQPgg2NQBZegBuqAgDtwDx7BkzNyHpxn52XWmnPmMzvgG5zXDy0vk0w=</latexit>

D = 100 pc
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QUERY 15
Why can we not make accurate measurements of parallax beyond 
certain distance? 
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QUERY 15
Why can we not make accurate measurements of parallax beyond 
certain distance? 

The relation in can be inverted to obtain 

As the distance of the star from Earth increases the parallax angle 
becomes very small 

It becomes difficult to measure such small angles and thus 
calculation of distances becomes very challenging  

Beyond a certain distance accurate measurement of distances 
cannot be done using the parallax method 

<latexit sha1_base64="7lqUVzL3Bs3rIlYgZjloWVly9YU=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFSapqd0IRV24rGAf0MYymU7aoZMHMxOlhPyHGxeKuPVf3Pk3TtoKKnrgwuGce7n3Hi/mTCqEPozC0vLK6lpxvbSxubW9U97da8soEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON7nI/c4dFZJF4Y2axtQN8ChkPiNYaek2Puv7AhOYWll6mQ3KFWTadceu1iAyEUIOsnPiWFUHQStXNCpggeag/N4fRiQJaKgIx1L2LBQrN8VCMcJpVuonksaYTPCI9jQNcUClm86uzuCRVobQj4SuUMGZ+n0ixYGU08DTnQFWY/nby8W/vF6i/LqbsjBOFA3JfJGfcKgimEcAh0xQovhUE0wE07dCMsY6BqWDKukQvj6F/5O2bVo1s3Z9UmmcL+IoggNwCI6BBU5BA1yBJmgBAgR4AE/g2bg3Ho0X43XeWjAWM/vgB4y3T02Ykmo=</latexit>

p =
1

D

<latexit sha1_base64="hldIYgNeRrN7LkqSOCV5lFSah/8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzBpTe1GKOrCZQX7gDaUyXTSDp08mJkINeRL3LhQxK2f4s6/cdJWUNEDFw7n3Mu993gxZ1Ih9GEUVlbX1jeKm6Wt7Z3dsrm335FRIghtk4hHoudhSTkLaVsxxWkvFhQHHqddb3qZ+907KiSLwls1i6kb4HHIfEaw0tLQLF/B84EvMIGpnaVxNjQryKo2nGqtDpGFEHJQNSeOXXMQtHNFowKWaA3N98EoIklAQ0U4lrJvo1i5KRaKEU6z0iCRNMZkise0r2mIAyrddH54Bo+1MoJ+JHSFCs7V7xMpDqScBZ7uDLCayN9eLv7l9RPlN9yUhXGiaEgWi/yEQxXBPAU4YoISxWeaYCKYvhWSCdYxKJ1VSYfw9Sn8n3Sqll236jenlebFMo4iOARH4ATY4Aw0wTVogTYgIAEP4Ak8G/fGo/FivC5aC8Zy5gD8gPH2CRquksU=</latexit>

D =
1

p



Parallax angles smaller than  
0.01 arcsecond are very difficult to measure.. 

VERY DIFFICULT
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