Radiation from Stars

IB PHYSICS | ASTROPHYSICS



N
Luminosity vs Brightness

Cainoaty | L] Sightness | b

Power Emitted Intensity
Watts [W] W/m? or W m~2

*Depends on the
observer distance




Luminosity vs Brightness

B.1 Thermal energy transfers

L=0AT*|€== Luminosity

<+ Brightness

A T=29x10"mK




Stefan-Boltzmann Law

Luminosity

- Absolute
( c[)\>/vver) Temperature
| K]

Stefan-Boltzmann Constant O 5.67 x 108 W m™= K+#




Surface Area?

The surface area of most
objects (like stars) can be
approximated as a sphere

L =cAT?
/ Asphere = 4mur?
Surface
Area




What if it isn't a sphere?

Any object can radiate energy as described by Stefan-
Boltzmann's Law, just substitute in a different formula
to calculate surface area ©

L =cAT?

/

Surface




Try This... | #1

A star has a radius of 8.3 x 10’ m and a surface temperature
of 7500°C. Calculate the power (luminosity) it emits.

o =567 %x108W m=K*
A= 41(8.3 x 107)2 = 8.66 x 1070 m?
T=7500+273=7773K

L =cAT*
L = (5.67 x 107%)(8.66 x 101°)(7773)*

L=1.79 x 105> W




Proportionality

How much more heat energy is radiated from a 80°C 4
cup of water than from a 20°C cup of water? L = AT

*Careful! Temperature must be converted into Kelvin

Iy =80+ 273 = 353K o and A are all

T, =20+ 273 = 293K the same before
and after...

P, #£AT,*  353*
P, _E‘AT24 - 2934

= 2.1 times more




Apparent Brightness

1. Roll up a piece of paper to make a tube that
you can shine a cell phone flashlight through.

2. Aim the circle of light at a wall or a table and
increase the distance the source is away from
the “screen”.

3. Describe how this distance affects the light

* Area of the circle is larger

« Lightis dimmer
(less intense/bright)




Apparent Brightness

As light travels away from a point
source it spreads out in a sphere in all
directions so the area is that of the
shell of this sphere with a radius
equal to the distance from the source

Remember the surface
area of a sphere?

— 2
Asphere = 4mr




N
Apparent Brightness

o e

r b

2r b/4
3r b/9
4r b/16

Inverse Square Law




Same Brightness, Different Stars

It is possible for stars to have the same brightness but
have different distances and luminosities

| A
A TA
b = |
_—
>




Try This... | #2

The star Betelgeuse has an apparent brightness of 2.0 x 107 W m=.
Calculate its luminosity.

d=40x 10"®m . L

/ ~ 4nd?
L = (b)(4wd?)

= (2.0 x 1077)(4m (4.0 x 101%)%)
=4.0x 103tWwW




N
Number of Suns??

When quantifying the luminosity of a star it can be useful to
describe the value by comparing it to the luminosity of the sun

Solar Luminosity [l ISR IPS

Lo = 3.84 x 1024 W
-




Try This... | #3

If the luminosity of Betelguese is 4.0 x 1037 W, what is
the luminosity in terms of numbers of suns?

Lo = 3.84 x 104 W

4.0 x 1031
3.84 x 1044

=1.0x10'Ly




Radiated Energy

Visible light When a black body
radiator is heated up, it
emits a range of different
wavelengths

Intensity

Wavelength




Glowing Hot

If the temperature is high enough the radiation
that is emitted is in the visible spectrum

Visible light
1

Intensity

Wavelength

Visible
Red Light




Wien's Displacement Law

— As the temperature increases,
the wavelength decreases

AT = 2.90 X 1073 mK

Intensity

6000 K
5000 K
4000 K

Wavelength

*Note: This assumes perfect blackbody radiation




Luminosity vs Brightness

B.1 Thermal energy transfers

L=0AT*|€== Luminosity

<+ Brightness

T =2.9x10°mK | === Temperature




Sample IB Question

Two black bodies X and Y are at different ternperatures. The temnperature
of body ¥ 15 higher than that of body X, Which of the following shows
the hlack body spectra for the two hodies?

A B.

mtensity
mtensity

wavelenoth

-
-

Miensiry
miensity

-\-\---

wavelength wavelength




Try This... | #4

The star Betelgeuse has a max wavelength of 828.6 nm.
What is its surface temperature? -

828.6 X 10~ ° m
AmaxT = 2.90 X 1073 mK

lSoIve forT

L _290x 107 mK _ 290 x 1073 mK _

Armax ~ 8286x1079 3500 K




Remember Luminosity?

_ 4. | Stefan-Boltzmann
L\ O-ATQ 5.67 x 108 W m2 K+
Temperature
Lum|n05|ty K]

Surface Area (sphere)
A=4111°




Review | Calculating Luminosity

We can use the brightness and distance to determine a star’'s luminosity

b

** We'll talk about

. Try This... | #2
where this distance i |
measurement came The star Betelgeuse has an apparent brightness of 2.0 x 10" W m™,
, . Calculate its luminosity.
from in Topic E.5 d=40x10%m L

/ " 4md?
L = (b)(4md?)

= (2.0 x 1077)(4m (4.0 x 10'%)?)
=4.0x 103 W




Try This... | #5

Knowing the luminosity and temperature of Betelgeuse,
calculate the average radius of the star.

L=40x 103" W
T =3,500 K

L = O-AT4 Solve forr
4.0 x 1031 = (5.67 x 1078)(471%)(3500)*

r =6.12 x 1011




All together now!

. The brightest star in the sky is known as
Brightness (W m) 1.2 x 107"Wm?  gjri;s and has been measured to be

approximately 8.14 x 10'® m from earth,

has an apparent brightness of 1.2 x 10~/
-9
Max Wavelength (m) 292 %107 m W m-2, and a max wavelength of 292 nm.

Complete this table of stellar properties\

Distance (m) 8.14 x 10"® m B L
b=1.2%x10"7Wm 1= 292 x10-° m

d=8.14x10%m
Luminosity (W) 9.98 x 107 W L = (b)(4md?) = (1.2 x 10~7) (47(8.14 x 1016)?) = 9.98 x 1027 W

~290x107°mK 290 x 107* mK
Temperature (K) 9930 K Amax 292 x 1079

L = cAT* 9.98 x 107 = (5.67 x 10~8) (41r2)(9930)*
Radius (m) 1.2 x 10° m r=12x10m

=9930K




YR NELGCEENS
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