Week 8
Measuring stars 2

Wednesday, Nov. 9



Today’s learning objectives (Wed. Nov. 9)

Describe spectral class and what causes absorption features to vary in stars
Describe what luminosity is and what factors affect a star’s luminosity

Explain what the energy flux detected from a star means and how it is used to
understand features of stars

Describe the features of the H-R diagram

Explain how the H-R diagram is used to categorize stars

Coming up:

No class Friday: Happy Veterans’ Day

Next week: Life cycle of stars

Homework 8 will be posted soon and will be due next Tuesday
Exam 3 next Friday



Absorption line strength vary for different

temperature stars
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Absorption line strength vary for different
temperature stars

Class Temperature Apparent Hydrogen Other noted spectral

B U Ll - e
- A 7,500-10,000 K VV:E::Z toblue  stong  ionized calcium (weak)
d e R
E F  6,000-7,500 K white Medium  ionized calcium (weak)
G i o . :
__ “ _ G 5200-6,000K Yelowsh Weak ionized calcium (medium)
5 K 3,700-5200K rande Very weak ionized calcium (strong)
T U 0 ook oengersd veryweak Titaniumoxideines

* Temperature controls how elements absorb, because temperature
controls the energy of photons that interact with electrons in atoms



Which of these burners would boil a pot of water more
quickly?
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Which of these burners would boil a pot of water more
quickly?

r“mm- R high ‘

A. Left |
B. Right xj me mnm

C. Cannot tell

Left is hotter and gives off more energy



Which of these burners would boil a pot of water more
quickly? (assume the potis as large as the big burner)

high
A. Left
B. Right medium
C. Cannot tell -




Which of these burners would boil a pot of water more
quickly? (assume the potis as large as the big burner)

high

A. Left
B. Right
C. Cannot tell

Right is larger surface area and gives off more total energy



Which of these burners would boil a pot of water more
quickly?

A. Yup ftigh

B. Nope




Which of these burners would boil a pot of water more
quickly?

high
A. Left
3. Right medium
C. Cannot tell -




Which of these burners would boil a pot of water more
quickly?

A. Left — high
i oy medium

B. Right 7/

C. Cannot tell 2 _

We cannot tell. It would depend on hot different the temperatures are, and whether the
small burner’s temperature can make up for its smaller surface area.



Can you assume that a hot burner will boil
water more quickly than a cooler burner?

A. Yup
B. Nope

high




Can you assume that a hot burner will boil
water more quickly than a cooler burner?

A. Yup
B. Nope

We cannot. As before, it would depend
on hot different the temperatures are,
and whether the small burner’s
temperature can make up for its smaller
surface area. For example, the
assumption might work for the bottom
set of burners but not for the top set.

medium




Can you assume that a large burner will boil
water more quickly than a small burner?

high

A. Yup
B. Nope




Can you assume that a large burner will boil
water more quickly than a small burner?

A. Yup
B. Nope

We cannot. As before, it would depend on hot
different the temperatures are, and whether
the small burner’s temperature can make up
for its smaller surface area. It would be true if
the temperatures of the burners are fairly
close, but not necessarily if their temperatures
were very different.




What controls the time it takes a burner to
boil a pot of water?

A.
B.

T
T
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ne temperature of the burner
he size of the burner

ne total energy coming from the

burner

The total temperature coming
from the burner



What controls the time it takes a burner to
boil a pot of water?

A. The temperature of the burner
B. The size of the burner

C. The total energy coming from
the burner

D. The total temperature coming
from the burner

Total energy is a function of the temperature and size (surface area) of the burner.



Which of these does not affect how much
energy is coming from a burner?
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Which of these does not affect how much
energy is coming from a burner?

on®wp

The temperature of the burner
The radius of the burner

The area of the burner

. They all affect the amount of

energy



If two burns with the same temperature are used
to boil equal amounts of water, and one burner
boils water more quickly, what can you conclude
about the two burners?

A.

The burners put out the same
amount of energy

The burners have the same
radius

The burners have different areas

. All of these are true



If two burns with the same temperature are used
to boil equal amounts of water, and one burner
boils water more quickly, what can you conclude
about the two burners?

A. The burners put out the same
amount of energy

B. The burners have the same
radius

C. The burners have different areas
D. All of these are true

Total energy is a function of the temperature and size (surface area) of the burner, so
one of these must change/differ if there is evidence for a difference in energy output.



The properties of blackbody radiation let us calculate how bright an
object is.

 What about the total energy emitted by an object?

* Luminosity: energy per time

* = flux multiplied by the area of the spherical shell the light is
emerging from

e L=cT* x 41tR?

Energy Produced by
1 square meter = oT*

Total Square Meters
A =4nR?

Total Energy Produced
L = (4nR?)(cT?)



Quick Quiz: If Star A and Star B have the same temperature, but Star
A’s radius is twice that of Star B, how much more luminous is Star A?

A. 2x as much

B. 4x as much

C. 8 as much

D. 16x as much

E. Cannot be
determined



Quick Quiz: If Star A and Star B have the same temperature, but Star
A’s radius is twice that of Star B, how much more luminous is Star A?

A. 2x as much

B. 4x as much

C. 8 as much

D. 16x as much

E. Cannot be
determined

For help practicing and seeing how radius and temperature affect
luminosity, see:
http://astro.unl.edu/mobile/Luminosity/LuminosityStable.html



http://astro.unl.edu/mobile/Luminosity/LuminosityStable.html

Quick Quiz: If Star A is twice as hot as Star B, but Star B has a
radius twice that of Star A, which star is more l[uminous?

A. Star A
B. Star B
C. Star A & Star B have equal luminosities

D. Cannot be determined



Quick Quiz: If Star A is twice as hot as Star B, but Star B has a
radius twice that of Star A, which star is more l[uminous?

A. Star A

B. Star B

C. Star A & Star B have equal luminosities

D. Cannot be determined



Which marshmallow will A. Left
roast more quickly? B. Right

C. Same




Which marshmallow will A. Left
roast more quickly? B. Right

C. Same




Which Earth be hotter? A. Left
B. Right

C. Same




Which Earth be hotter? A. Left
B. Right

C. Same




On which Earth would a A. Left
telescope collect more B. Right
photons from the star? C. Same




On which Earth would a A. Left
telescope collect more B. Right
photons from the star? C. Same




On which Earth would A. Left

the flux of energy from B. Right
the star be greatest? C. Same




On which Earth would A. Left

the flux of energy from B. Right
the star be greatest? C. Same




Which star will appear A. Left
brightest to observers B. Right
on Earth? C. Same




Which star will appear A. Left
brightest to observers B. Right
on Earth? C. Same




The measured energy coming from a star depends on

how far away it is?

Radius or

distance \2

Inverse Square Law 3,

An object’s brightness declines as 1
over the square of its distance.

The measured energy is
the detected flux.

L
Fdetected — 47Td2

(L = luminosity)

Note: Be careful to use the correct units for
any calculations.

* Luminosity is in Watts

* Fluxis in Watts/m?

» Therefore, distance needs to be in m



So...

We have some really important
properties we can tell about
stars from measuring spectra

1. Element composition from
absorption features

2. Temperature from blackbody

curve (Aqq)

3. Luminosity from:

 Distance to star from Earth
(from parallax measurements)
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brightness (solar units)

109

w

10

104

10°

102

10—

0.1}—

102

103

104

1075

Betelgeuse

W Giiese 725 A
# Gliese 725 B
Bamard's Star 0.1 MSun
Ross 128
Wolf 359,
Proxima Centaun
DX Cancri ®

|
30,000 10,000 6,000 3,000

increasing . decreasing
<$— temperature surface temperature (Kelvun) tempmtum—b

——| |
e |

The Hertzsprung-Russell (H-R)
Diagram
e With H-R diagram, we can plot the
very important features of stars

* Then we can categorize and group
them

W T wonder what
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~ those categories
and groupings might

A
i FI tell us...
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HR DIRGRAM
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If we can measure the distance to a star, blackbody radiation lets us
calculate how large it is.

L = o7%*4r1 R? so solve for R to get: L — R

AdroT?

Remember we canwrite Las:  Fly iocted X 47Td2 — [,

Combining the last two equations: Fdetected d? — R
oT*

Moral of the story: if we can measure a star’s flux and temperature from its
spectrum, AND measure how far away it is, we’ll be able to calculate its size!



