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Continuous Spectra

(Web Version: 08-15-01)

Wien
—. Stefan-Boltzmann

— e e = =
~, *Alsoshowa continuum ...,--=* ’ . Why important? — Can determine temperature
"« A temperature indicator! :

A Note: Black and White Radiation Curves

Absorption Line Spectrum
Stars show this Stellar spectra look like lmiﬂﬂ
11

_ Measure intensity Wavelength
But spectrograms usually not in color (brightness)
fromend toend

(B/W easy to produce) (with “light meter”)

— Getusedtothis |
-

Wavelength
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Dips Show Lines

Absorption Line Spectrum
Stellar spectra look like mlij‘

Measure intensity
(brightness)
from end to end

(with “light meter”)

Wavelength

- Continuous ECtI’U m

¢ Often called a black body (BB

« Stellar radiation curves

(lines erased) often

resemble BB'’s Use BB radiation curves

to simulate stars

Wavelengt

Hot Black Bodies

‘Substantial

Heat Black Body . Visible
: So,
Absorbs allincoming radiation . In=0ut /

Radiates back all radiation received th I"

“‘.l!&
Now looks bright — why?

Answer . . .
Significant radiation emitted in ?

Erase Lines

Continuous Spectrum
If erase lines _ﬂ
from graph . .. /
Looks like a continuous spectrum

Now-analyze-as /—\

Irspectrum has
radiation curve

without lines

Wavelength

; I . . . . "111

- . Y
— Radiate-backallradiationreceived— *
Then — why look black?

—Answer————————————————————————

The Radiation Laws

Three laws characterize continuous spectra

Planck

Wien

Stefan-Boltzmann

(Listed in Study Guide, Fig. 7)
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— See Fig. 7 | — See Fig. 7
Recall the Radiation Curve Recall the Radiation Curve

1.0 1.0
Notto-scale i N Notto-scale

08—
£ : \

» This is a radiation curve of a black body

» Equation of curve is “Planck’s law”

s It is a general description of how black bodies radiate

06 1

Not to scale

\\
/ \
1

If temperature changes, curve changes

- CurveRises  CurveFalls what shape Planck’s Law also shows how

looks like!

- - This is Planck’s Law (in graphical form) |, °

& h%Navelenglh

Three Temperatures

L
o

10

081 08

Notto-scale
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Relative Intensity
Relative Intensity

=5 Mid-Rang ™

T Mid-Raﬂge-""

<o ————
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Second Radiation Law Wein's Law

In Color

Three laws characterize continuous spectra :
Brightest

= Planck General description of radiation " Hottest

Wien Peak shifts toward shorter Brightest
vavelengths if T increased

(Brightness unequal) mp»|

_ -~ Brighterhere if hotter_ Brighter here if cooler

19

Not to scale
e color of a(not) black boay?

+ Ans. It depends on the distribution of colors in its light

Analogy

Which bucket of paint v -
B]
2,

Relative |ntensity

(after paint in-each-can-mixed
+ Looks reddest?

= )
' « « Has the most red paint? o
1\ Al 8

2

Wein's Law and Color Second Radiation Law

A has Three laws characterize continuous spectra

than B but
looks bluer = Planck General description of radiation

B has Wien Peaks shifts toward shorter

™| thanAbut wavelengths if T increased

Relative Intensity

A (cooler) =  Peakcaneven Uy <

shiftinto UV oriR - =
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Second Radiation Law A Consequence

Recall—

Wavelength of violet (400 nm) about half of red (700 nm)
= Planck General description of radiation Consequence — Suppose temperature of Sun
+ Doubled (6,000 ® 12,000 K), peak moves into UV

Three laws characterize continuous spectra

Wien Peak shifts toward shorter

Wavelength of Radiation Peak g ——————— peak out of visible — -
Temperature |

Conclusion Examples

Stars with more than about Sirius Example of Wein’s Law
twice or one-half of Sun’s temperature 12,000 K

have radiation peaks in Betelgeuse See Study Guide
UV or IR respectively 3,000 K

550 nm Example Worked Problem #3

Double or: halv peak out of visible

Third Radiation Law Total Energy Radiated

Let E;,.= Total energy radiated

Notto-scale

« As temperature rises, curve Erot 3 '\\( 1) Over entire spectrum
becomes higheratevery wavelength N 2) Through some area

+ Sototal energy radiated over entire (say a square meter)
spectrum now greater 1sqm Not from whole star

Relative Intensity

(So star’s radius irrelevant)

then | ETotu T4 i where T = Temperature
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— See Fig. 7 :
Summary: Radiation Laws Here’'s How it Works

Three laws characterize continuous spectra Star A:T, = 12,000 K it can measure

Star B: Tg= 6,000 K ratios of

total energies
emitted,

Erora (12000K¢ (2)¢ 16 canfindhow
= _ ___ temperatures

Stefan-Boltzmann Etotofg (6,000K)*  (1)4 1 compare

Planck General description of radiation
then
Wien Peak shifts toward shorter wave-

The Solar Impression So ... Color of the Sun?

Impression of Sun’s color tailored by
viewing Sun near horizon
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Range of Star Colors See Star Colors for Yourself

Aldebaran

Typical star colors )
(Yellowish)

& biuish + Range — bluish to orange
* bluish-white + Whitish most common Betelgeuse )
Books may call some red (Yellowish-Orange) Orion
+ Exaggerated!
#  yellowish-white| . \ost too hot to appear red . i Rigel

* whitish

* yellowish-orange (Whitish)

- %  orangy Sirius Look at bright stars— eye can’t
£ i (Whitish) ® see color if brightness low

See Study Guide Table 11, next-to-last column (Know)

BurnerHeats— >
Visible only because

= — — Off—— DullRed— Orange-Red Bright Orange
» Everyone has experienced Wien's Law
Visible light Color Change (Burner does not
Watch a stove burner heat and change color ~ undefectable Wien's Law become hot enoug
(or heating element or light bulb filamen emitted as IR) Increasing Brightness

q .~ Stefan-Boltzmann

o_show furthe

changes)

Light Bulb on Dimmer Switch Side Note: Planck’s Law

Many tried to find equation for BB curve

Thatis, arelation between

Intensity
Wavelength
Temperature
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Example of Early Attempt Why Planck Succeeded

1.0
Not to'scale Like Kepler — threw away old ideas

L Earlier attempts to find an equation failed
Previously . ..

‘/Example
- - Radiation visualized as water flowing =
What is-equation continuously from a hose Comlg\tjvous

I — 7‘—ofﬁisrcmver?
= W
: ypotnesis about radiation
—(Recall- Kepler did same for celestial- motions

—Planckderivesequation fitting -black-bodycurve

ation bundled into particle r :ECZA_;': aNCKAT _ 1)

+ Energy packets called photons A e
-+ Radiation spurts like water STIDIInS - “have to know thi

Do not Tis !

from a spray bottle or water gun ( )

- Today BBs sometimes called Planck radiators
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