Hertzsprung-Russell
Activity

* Use the HR
Diagram
provided to

graph the stars
on “bright~.pdf’

* Add
temperatures
from the chart
below

Class | Color Prominent Spectral Lines Surface Temp. (K)
O Blue lonized helium, hydrogen > 25,000 K
B Blue-white Meutral helium, hydrogen 11,000 — 25,000 K
A White Hydrogen, ionized sodium and 7,500 - 11,000 K

calcium
F White Hydrogen, ionized and neutral 6,000 — 7,500 K
sodium and calcium
G Yellow Meutral sodium and calcium, 5,000 — 6,000 K
ionized calcium, iron, magnesium

K Orange Meutral calcium, iron, magnesium | 3,500 — 5,000 K
M Red Meutral iron, magnesium, and < 3,500 K

neutral titanium oxide




The Noble and Most Ancient House of
BLACK

Key (removed from tree)

(there 3re many stories between the lines) 1: Isla Black, who ‘'married muggle Bob
‘ 2: Phineas, who 'supported muggle rig|
3: Marius, 'a squib’
4: Cedrella, who 'married Septimus We:
I ] | | 5: Alphard, who 'gave gold to his runav
Sirius Phineas __Ursula  Elladora 6: Sirius, who 'ran away'
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19121990 Crabbe | 1915 —‘* Lond g o 1919-1973 |
| | | 1 150 2 daught
Lucretia —— lgnatius Orion —— Walburga Cyghus —— Druella 1 daughter = HaRs
19251992 rewett 1929-1979 1925-1985 19294979 Rosier

UIUS

| |

|
y
| %, 1961-1979 Bellatrix — Rodolphus MNarcissa ==Lucius
. 1951-1998  Lestrange 1955- Malfoy
Draco
edits: Aberforth the Marauder (intelligence), Marco Bartoloni (tree design), Lisa Bunker (crest); Malﬁ'—"}"

after a tree drawn by J.K. Rowling.
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Star brightness vs. temperature
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Stefan-Boltzmann law

L =cAT"

* Ex: Betelgeuse has a radius of 3.1E11 m and a
temperature of 2800K. Find its luminosity

L=5.67x10"47(3.1x10" J'(2800)’
L=421x10"W



« Ex 2: Sol has a radius of 696,000 km and a temperature
of 5,778 K. Find its luminosity

L =cAT"

L =5.67x10"*47(6.96x10°f (5778)’
L=3.85x10"W

* Ex 3: How luminous is Betelgeuse compared to the
Sun?

- 11000 L,



* Ex 4: Rigel has a power output of 117490 L.. If it has a
radius of 78 r, find its temperature compared to Sol.

L, oA,T, L, c4m.T,’

~R
Ly oAT, Ly oc4mlT,”

T, L,r; T, _ |117490L, r?

S

' Loy T\ Lo (781)

T, =2.1T,



* |'ve got a fever!

* How high a fever would you have, to get twice the
apparent brightness from a trillionth the distance as
the Sun? The Sun has 4x108 times your area.

L

L — GAT4 b= d7d?
B AT ) A70d b
470d> \' o4

b [ =



../../../Videos/SNL - More Cowbell-SD_Segment_0_xvid.avi

* How high a fever would you have, to get twice the
apparent brightness from a trillionth the distance as
the Sun? The Sun has 4x10'8 times your area.
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Brightness

L

h =
Ard?

* Apparent Brightness “b” depends on
distance and luminosity

* Ex 5a: show that the brightness of the
sun is 1360 W-m-



* EX: Find the brightness of our nearest
star: Proxima Centauri

L

h =
4nd* [ =cAT"




HELLO? g7
IM TRAPPED!

A
IT'S DARK AND T CANT
SEE ANYTHING EXCEPT
THESE TWO DISTORTED
SPLOTCHES OF {Jf;;ﬂ—[ﬂ

(5™

SPLOTCHES OF LIGHT?
YOUR ... EYERALLS®

T THINK THATS
WHAT THEY ARE!
THERE'S MEAT
EVERYWHERE

)J

YEAH, WE ALL ARE.
YOURE NoT TRAPPLD.
VSE YOUR BODY TO
WALK ARCUND AND
EXPERIENCE REALITY.

\

RUT EVERYTHING'S JUST SIGNALS
N My SENSORY CORTICES! How
CANT BE SURE THEY (ORRESFOND
TO AN EXTERNAL WORLD?!

) TM SORRY, BUT
WE CAN'T SEND

A SEARCH-AND-
A~ RESCUE TEAM




VWhich bunsen burner
IS hottest?




Wien's displacement law

A T=29x10"m-K

Maximum radiation is given off at a
wavelength inversely proportional to
temperature



Ex: Show that your peak
wavelength is in the infrai
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Ex: If peak wavelength is 400 nm
find temperature according to
Wien’'s displacement law. Star?

A T =2.9%107°m-K . _ 2.9%10°

nereasing Wavelength (A) in nm —



Ex: Find the temperature of the
“coldest” star

A T =2.9%107°m-K . _ 2.9%10°

2.9x1073 Aina
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Ex: Find the power radiated per
square meter for the previous
example

=oT" =5.67x10"%(7250)

—1.6x10°W -m™°

Nl | S



Ex: find the distance for a
star with a parallax of 0.23"

1

p(arc — second)

d(parsec) =

1

0.23arc — second

d(parsec) =

d=4.3pc



Ex: find the parallax of

proxima centauri
1

p(arc — second)

d(parsec) =

p=1/1.3pcC
p=0.77"



Star Apparent | Distance(pc) |Absolute Luminosity
Visual Magnitude Magnitude |(rel. to Sun)
Sun -26.74 4.84813x107 | 4.83 1

Sirius -1.44 2.6371 1.45 22:5
Arcturus |-0.05 11.25 -0.31 114

Vega 0.03 7.7561 0.58 50.1

Spica (.98 80.39 -3.55 2250
Barnard's |9.54 1.8215 13.24 1/2310
Star

Proxima [11.01 1.2948 15.45 1/17700

Centauri




Luminosity (Lgyp )
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Type | Cepheid Variables
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Kepler’s Laws

e First Law:

— The planets’ orbits are ellipses with the Sun at
one focus (ellipse activity)

* Second Law:
— The planet sweeps out equal area 1n equal time

e Third Law:

— The square of the period 1s proportional to the
cube of the radius

T?ar’




