e

T e T
"0-

Stellar
Evolutlpn

-
-

uctor:

Ingco
Erin O’'Con

_OpenStz Photo/MaterlaI Cre-chtf S
" Stellar Evo ‘t‘ o Fred Marschak

Cemeld Varlables .8 v e N Dr Jatila van der Veen
| et S . . Er|n O Connor . others

3 ; . The %/orsahmd éM&f Féﬂ////r@ N&kw/ﬁ @ 2022 i/c%%or J//n(m@a |



s

.

-
B
. i .
! .
.
. At
. .
. .
.. T
- : il
-

'3 ?ph

. . . .“I - i "
. Y
. " %

eid-v

. o = .
.
. 3 .
0
L tof
- 2 -a_ 5
. -
» - . LES
] - Wl il -
; . W
EL] * L] .
. -
. . .
. - - =
- - »
" .
'. . m . ¥
. - ¥ .
. - - B .
£ ;" d I'.
B
- - - * .
. .
¥ T [
. .
. o . .
. E : e
[ ] 5 * [
L ) e |
.
¥ -
. - - - . .
- . - ¥ -
L] > -
[ ] LEL P .
B . .
* i T
. L] -
. -
. " -
..
. °« : W e
- 3 A A g .
- .. . E
. L o - -
* X .
C— . L . - LI . =
i .
.
. . i
; " - v % e oy ..
3 -
Ll . .
4 .
. i . L] vl o-

R ET

,
L]
.
B i
- -
3 .
.
.
e -




2. Fmdmg dlstances usmg

' Cepheld Va '

.
¥ s . . . X
] .. . "
. " - . L ] .
= . 5 ¢ . = [ B
-
» e i - .
. . - .
. " . . . ® . 2
. 3 - -
» . . 4 . = L] .
- " [ ]
™ . . . - &
3 .
L L]
. B . . .. i -
= . - LE ™ ® ] = *

.
.
‘.,
-
- »
L, A
g .
.
. -
.
L 4
.
- -
-
-
-
. -
.
-
8
.
-

-
.
-
N
'
-
..
-
-
-



Finding distances to galaxies

using the period-luminosity

relationship for Cepheids i
{107 Iy}
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Post-main sequence stars Cepheids with
that fuse Heliumina periods of days
shell around their core.

The He-fusing shell
undergoes pulsations,
increasing in radius —
decreasing in
temperature — decreasing
in radius — increasing in
temperature

with periods of a few
days to a few weeks.

Polaris

variable stars with
penods of hours
(called RR Lyrae
variables)
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https://youtu.be/s
XJBrRmHPj8

O

30,000 10,000 6,000 3,000
surface temperature (Kelvin)

Copynght & 2004 Pearapn Education, publishing as Addison Weaks



https://youtu.be/sXJBrRmHPj8

Cepheids with
periods of days

variable stars with
" periods of hours

(called RR Lyrae

variables)
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. https://en.wikipedia.org/wiki/Clas
EVO|Ut|0n Of a 5 Mo star sical_Cepheid_variable
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As the star gets bigger, its surface temperature cools and it appears redder.

As it contracts it heats up, and its surface temperature increases and it appears bluer.
These are all post-main sequence stars that have exhausted their hydrogen and are
fusing helium. As they undergo these pulsations, they oscillate between being red giants
and blue giants on the instability strip. Note that these are not the same as O and B
hydrogen-burning stable blue giants on the main sequence.
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Cephei_d Variable Star_Vlv in M31 | Hubbfe_Spaf:e Tefgscopg = WFC3/UVIS
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ariable in M100
- | HST-WFPC2 7

Cepheid variables in M100

an excellent video — click here
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https://youtu.be/QcChCeX2VrY

Henrietta Swan Leavitt
1868-1921 -

for Cepheids

“Pickering’s Harem”
at the Harvard Observatory |
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The longer the cycle of pulsation for a star on the instability strip, the bigger
its mass and hence the brighter it is.

Leavitt figured out that she could calculate a pulsating star’s absolute magnitude
from its period of pulsation.

Then she could calculate its distance using the distance formula.

Cepheid variables have been discovered in our galaxy, our satellite galaxies, and
other galaxies. They are used as standard candles for determining distances.

The period-luminosity
Brightness variation of 6-Cephei relation for Cepheid
3.6 - 4.3 Magnitude variables.
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delta Cephei — prototype for this type of variable star

5.3/ jours

expansion contraction



Visualization of normal modes of
pulsation of Cepheids

color range=20.63



A Light curves for some
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Period-Luminosity relationship for Cepheid Variables
The longer the period of pulsation = the brighter the star!

0.5 1.0 | I3 " 2.0
Logarithm of Period




Using Cepheids to find distances to galaxies!
If you know m you can find M and then calculate distance!

1.0 | ) I3
Logarithm of Period




Lab 7: Finding the distance to the Large Magellanic Cloud
using Cepheid Variables.

Light Curve for LMC Cepheid

Time [days)

Find the period in days from the horizontal axis.
2. Calculate the average apparent magnitude by taking the difference between the
magnitude at the peak brightness and the lowest brightness, reading from the

vertical axis.

=N
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1. Find the period:

21 5 Light Curve for LMC Cepheid 69

*

Find the period in days from the horizontal axis: 4.75 days
Calculate the average apparent magnitude by taking the difference between the
magnitude at the peak brightness and the lowest brightness, reading from the

vertical axis.



2. Find the average apparent magnitude:

Period = 6.9 — 2.15 =4.75 days

1. Find the period in days from the horizontal axis:
2. Calculate the average apparent magnitude by taking the difference between the
magnitude at the peak brightness and the lowest brightness, reading from the

vertical axis:



3. From the period-luminosity relationship for Cepheid variables, find its absolute
magnitude by finding the period on the x axis and reading across to the y axis. Or
use your calculator and the formula below to find M.

od-Luminosity Relationship

M = -2.7 log(4.75) — 1.35 = - 3.23

Notice this is a log plot! That
is why the x-axis is not
evenly spaced.




4. Calculate its distance using the distance formula:

d _ lo(m—M-l—S)/S

M = -2.7 log(4.75) — 1.35 = - 3.23

d = 101538 - -3.23+3)/5 = 57800 pc = ~188,428 ly



Answers:

p = about 4.6 days
maverage = 15'6

M=-3.14

d = 55,975 pc = 182,480 ly

Published values range between ~163,000 ly and 220,000 ly.

Period - Luminosity Plot for Cepheids
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http:/lIwww.atnf.csiro.au/outreach/education/senior/astrophysics/variable _cepheids.html
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* NAAP Labs - v1.1

MNAAP Labs
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-uJ The Nebraska Astronomy Applet Project
'53 NAAP La bs ﬂh\ provides computer-based labs targeting the
g _ undergraduate introductory astronomy
a 1. Solar System Models audience. Each lab consists of background
2. Basic Coordinates and Seasons k materials and one or more simulators that .‘
students use as they work through a
3. The Rotating Sky student guide.
b, <
4. Motions of the Sun Primary funding for this work was provided by : ™
. NSF grant #0231270, with additional funding 2,
T 5. Planetary Orbits from the NASA Nebraska Space Grant. &
| 6. Lunar Phases NAAP v1.1 %,
e " January 30, 2020 e
7. Blackbody Curves and UBV Filters v
8. Hydrogen Energy Levels
9. Hertzsprung-Russell Diagram
10. Eclipsing Binary Stars
11. Atmospheric Retention ﬁr
12. Extrasolar Planets
o 13. Variable Star Photometry

14. Cosmic Distance Ladder

15. Habitable Zones
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Next: Measuring distances using light curves of Type 1a
Supernovae




Brightness

Time

Light curves of Sne la are used as standard candles!
Shape of curve > mass = mass-luminosity relation for Sne 1a




These light curves are powered by radioactive
decay in two stages:

Stage 1 is the decay of °¢Ni to °6Co This has a 1/2 life of
6.1 days and predicts that the SN luminosity decays at
the rate of 11% per day.

Ni — 2Co+e" + v, + 7

Stage 2 is the decay of *®Co to *Fe. This has a 1/2 life of 77
days and predicts that the SN luminosity decays at the rate of
1% per day.

°Co — eFe+e + v, +7




All type la supernovae reach nearly the same
brightness at the peak of their outburst with an

absolute magnitude of -19.3%20.03.
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All type la supernovae reach nearly the same brightness at
the peak of their outburst with an absolute magnitude of

-19.310.03.
d _ 1 O(m—M—I—S)/S

units of d are parsecs
1pc=3.26ly

Magnitude

0 50 100 150 200 250 300 350
Days after Maximum Magnitude

Thus, if you can measure the apparent magnitude

of a type la Sn, you can calculate how far away
its host galaxy is!
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AAVSO DATA FOR PSN J09554214 6940260 - WWW.AAVSO.0ORG

Magnitude

14 |

Must account for interstellar
reddening and
extinction

d _ 10(9.5—(—19.3)-!—5)/5

d=5.75x10° pc =1.87x10" Iy



Supernovae Light Curves
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