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 Okay.  What we’re going to discuss today are what we call radiation laws.  We’ve 

been spending a lot of time talking about laws.  We’ve talked about gravitational laws, 

we’ve talked about conservation laws with momentum and energy, lots of physical laws in 

this section of the course.  And so we’re going to kind of finish up talking about radiation 

laws. 

 And these laws are very important for astronomy because, if you think about it, 

astronomers are completely dependent on light to understand the universe.  We can’t go 

to a planet and dig up the dirt and bring it back, although we’re working on that.  There are 

actually some missions planned for Mars to bring back samples.  But up to this point, 

everything we know about the universe we learned from the light that comes from objects 

elsewhere.  We pick up that light and we analyze it.  And so we have to have a good 

understanding of the light.  We have to understand that radiation that’s coming to us. 

 Now, if you remember from yesterday’s discussion, we have this spectrum, the 

electromagnetic spectrum, which goes from gamma rays all the way to radio waves.  The 

part you’re most familiar with is the part in the middle, the visible spectrum.  How much 

energy does an object give off in each part of this spectrum?  If I want to look at a galaxy 

or a star, which part of the spectrum should I look at in order to understand that galaxy or 

star? 

 If we have objects in the universe, for example, that are only giving off gamma rays.  

We don’t know if that really exists.  Are there objects that only give off gamma rays?  Well, 

we don’t know.  If we never look at the universe with a gamma ray detector, we’ll never 

find out.  We won’t know that those objects are there.  In the same way, if there are 
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objects in the universe that only give off radio waves, we won’t know that they give off 

radio waves unless we use a radio telescope and look at ‘em with that kind of an 

instrument. 

 And so over the years astronomers have realized that they can’t just depend on the 

visible spectrum.  The visible spectrum is great.  That’s what we see with our eyes and 

that’s what historically astronomers began to use to study the universe, but we’ve had to 

expand our view.  Since we know this other kind of radiation exists, these other kinds of 

photons, we’ve begun to study them.  And so as we’ll find out in future chapters, we’ve 

actually built telescopes that can look at gamma rays, that can look at x-rays, that can 

look at ultraviolet light.  Of course we have lots of telescopes for visible light.  We have 

telescopes for infrared radiation and we have lots of radio telescopes on the Earth. 

 And so we are able to cover this entire electromagnetic spectrum from gamma 

rays to radio waves when we’re studying objects in the universe.  But we have to 

understand how objects give off this radiation, what rules they follow, so that when we 

make these observations we understand what we’re getting. 

 The radiation laws we’re going to talk about today are three: Wien’s law.  Now, I 

know if you look at that word and you say it in English it’s “ween” or some people might 

say “wine,” but he was a German and normally when you refer to his name you use the 

German pronunciation of Wien.  So instead of using a W you usually pronounce it as a V.  

So it’s Wien’s law although I’ve heard it pronounced many different ways. 

 We also have two other Germans, Stefan and Boltzmann.  They both combined 

together to come up with another law of radiation that we call the Stefan-Boltzmann law.  
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Sometimes you’ll see it referred to as Stefan’s law, sometimes you’ll see it referred to as 

Boltzmann’s law, but most of the time both of ‘em are given credit for it since they really 

worked on it together.  So it’s the Stefan-Boltzmann law which is a long name for a law.  It 

would be much nicer to have a short name like Wien, but we can’t always get what we 

want. 

 And then we have Planck’s law.  Some people pronounce his name “plank.”  But, 

no, it’s pronounced “plunk” which makes some people laugh.  Planck, Wien, Boltzmann 

and Stefan all were physicists studying radiation and light around the beginning of 1900.  

So they were all doing their work more or less at the same time about 100 years ago.  And 

they discovered these laws in a way like Kepler did.  They observed a lot, they noticed 

patterns in the observations, and they kind of studied the way the patterns changed and 

suddenly said, “Aha, there’s some rule here that light is following.  If I can work out the rule, 

I’ll know something more about light.” 

 And so Wien worked out one rule, Stefan and Boltzmann worked out another, and 

then in a similar situation to the way Newton looked at Kepler’s laws and realized he could 

derive them from his own laws, Planck looked at Wien’s law and the Stefan-Boltzmann 

law and said, “You know, I think they’re two different parts of the same kind of law.”  And 

so he was able to combine them into one grand law, if you want to look at it that way, for 

light and that became known as Planck’s law.  So Wien and Stefan and Boltzmann started 

the study of light, figuring out what rules it followed, and then Planck finished it up.  So 

we’ll talk about all three of these.  

 Now, a question I want to ask: If I show you a spectrum like that and you see the 
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visible spectrum here from red to violet, how much light is being given off at each part of 

the spectrum?  What I have here is colors.  Now, if I have a lightbulb like the light over 

your head giving off that light, is it giving off mostly red, mostly orange, mostly blue?  What 

is the dominant color coming out of the light — if there is one?  Maybe there isn’t a 

dominant color.  Maybe there’s an equal amount of each one but we have to measure that.  

So for a particular light we want to know how much of each color is coming out of the light.  

How does it produce those photons and in what numbers, so that when we see the light 

we understand where it came from. 

 Well, Wien was trying to figure out what caused a light to give off a certain amount 

of each color and he realized from simple experiments that it had something to do with 

temperature.  He noticed that if he had a lightbulb that was at a very low temperature, that 

the lightbulb looked kind of red.  It had a reddish tinge.  Now, if you want to see a reddish 

tinge, I’ll show you the lights over your head.  See those lights over your head that I’ve just 

turned on?  They look fairly yellow, right?  Now look at them when I turn them down to a 

dimmer brightness.  They look more orange, don’t they?  Look up.  Can’t see ‘em if you 

don’t look up.  They look orange now.  They look more yellow now.  You see the 

difference in color? 

 Now, if I could turn them all the way down so that they pretty well disappeared — if 

I can make them disappear — can’t make them disappear.  Well, if they were to disappear, 

as they disappeared they would get red and then disappear.  So what he realized was the 

amount of each color — red, yellow, orange, all those different colors — changed as the 

lightbulb changed.  And what was changing with the lightbulb?  The temperature of the 
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lightbulb. 

 And so he began to study how the color changed as he changed the temperature 

and he came up with a pretty simple law which we now call Wien’s law, which doesn’t look 

simple to you.  You might say, “That’s not simple at all.  That’s pretty difficult.”  But if we 

look at it in detail — there are only a few parts to it — it’s an equation.  Several of these 

laws have been. 

 Newton’s laws of gravitation were equations and Wien’s law is an equation.  It says 

the wavelength — physicists always use the Greek letter lambda for wavelength.  I know 

you would be happier if they used the W for wavelength and that’s what the word means, 

but we usually use a Greek letter lambda for wavelength.  And that equation says that the 

wavelength where the maximum amount of light is coming out, the particular color where 

the maximum amount of light is coming out,  is equal to some constant — which on this 

particular overhead is 2897 micrometers.  That Greek letter mu with M after it means 

micrometers, a billionth of a meter so it’s very small — kelvins divided by the temperature 

of the object. 

 So what we have here is what we call an inverse relationship.  The wavelength 

gets smaller as the temperature gets higher.  If you have a bigger number for temperature, 

since it’s in the denominator, what’s on the other side of the equation has to get smaller.  

And so as temperature goes up, wavelength becomes shorter.  

 Now, let me show you a picture of the wavelength.  This is for sunlight, as an 

example.  We take the Sun’s light and we look at which colors are the most common in 

sunlight.  What you can see on this graph is that on the red part of the spectrum — here’s 
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red over here — if you look up, there’s this amount of light.  There’s no scale over there, 

but that’s the intensity of light on this axis.  So over in the red you have this amount of light 

in red, this amount of light in yellow.  Notice there’s more yellow than there is red, so the 

graph is plotting how much of each color there is as far as the number of photons.  And so 

when you get over towards violet, there’s less light over here and then there’s even less in 

the ultraviolet.  There’s also less in the infrared. 

 So it seems that for the Sun at least the maximum amount of light that it’s giving off 

is somewhere right about here which is in the green part of the spectrum.  So the Sun 

gives off all different colors, but it seems to peak in the green part of the spectrum.  Well, 

if we plug numbers into Wien’s law — temperature of the Sun, 5800 kelvin, and we use 

that 2897 above it -- what you wind up with is a wavelength somewhere around 500 

nanometers.  So you can calculate that using Wien’s equation and what you see is that 

the peak depends on the temperature.  What color the peak occurs at depends on the 

temperature of the light. 

 Now, if I change the temperature, I change where the peak is.  What you have here 

are several different curves, one for a temperature of 3500 degrees Celsius, which is 

almost 3500 kelvin; another one for 4700 degrees and another one for 9700 degrees.  

Notice that the peak for the 3500 degree object is about at 800 nanometers, which is 

actually infrared.  So this thing would be peaking in the infrared where you can’t even see 

it.  Most of its light would be invisible.  For a 4700 degree object, the peak occurs around 

600 nanometers which is more or less the orange part of the spectrum.  For an object 

that’s almost 10,000 degrees, 9700, the peak is actually below 400 nanometers which is 
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in the ultraviolet part of the spectrum.  Violet is right around 400, red is around 700, and so 

the peak for a hot object that’s 9700 degrees is actually ultraviolet. 

 Now, if you look at the amount of each color for each of these objects, you will see 

big differences.  For example, the 9700 degree object.  As far as the visible spectrum is 

concerned, what your eye can see, it has more violet than blue, more blue than green, 

more green than yellow, more yellow than orange, more orange than red, right?  The most 

common color in that light is violet, blue, green, and then down the spectrum.  If you were 

to look at that object with your eye, you can’t see the infrared or the ultraviolet.  All you see 

is the visible part of the spectrum.  There’s more violet and blue in that spectrum.  So 

when you look at that object it’s gonna look kind of blue to you.  Your object will pick up 

more blue than the other colors.  And so you will see the object looking somewhat bluish.  

If it were a lightbulb, it’d be a very blue lightbulb.  If it was a star, which is probably what 

we’re getting at here — if it was a star, it would look somewhat bluish to your eye because 

there’s more blue light than there is any other color, more violet and blue.  If the object 

were 4700 degrees, notice that most of its light is in the yellow and orange and red, and 

there’s less violet, blue and green.  And so your eye would see that object with an orangey 

look.  Rather than blue, it would look sort of orange like the lightbulbs over your head. 

 And so your eye will pick up the differences in temperature, but you don’t have a 

very accurate way of judging temperature.  You would say something looked very hot 

because it looked bluish.  Something looked much cooler because it looked orangish.  Or, 

if it’s very cool, 3500 degrees, notice that it’s mostly red that’s going to be given off in the 

visible part of the spectrum.  You would see that object as somewhat red.  So you can tell 
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differences in temperatures but only a range of temperature.  You see blue to white.  

 Now, notice.  You might think that if it peaked right in the green part of the spectrum 

that the object should look greenish.  Turns out that doesn’t work.  Because if it peaks 

right around the green part as the Sun does — here’s the Sun’s spectrum again, peaking 

right around the green part, the 5800 kelvin curve — it peaks here but you don’t see the 

Sun looking green.  To you the Sun looks almost white, maybe with a tinge of yellow.  But 

when it’s high in the sky it’s pretty white.  

 The reason is that when you get almost an even balance of all the spectrum, your 

eye picks it up as white.  And so the walls look white because they reflect all the colors 

pretty evenly.  The lights over your head look sort of white because they’re giving off all 

parts of the spectrum more or less evenly.  And so you notice white whenever an object 

should theoretically look green.  Your eye picks it up as white. 

 So if we were looking at stars and we were looking at hot ones, we would see 

bluish stars.  We would see yellowish and orangish and reddish stars, but we would not 

see any greenish looking stars.  We would see white ones.  Because that’s the middle of 

the spectrum and your eye doesn’t pick it up as green.  It just picks it up as white.  So it’s 

a defect in your optical system, actually, that we don’t have green stars.  They just don’t 

look green.  They look white. 

 Now, here’s another graph that’s similar to the one I just showed you.  This shows 

you Wien’s law again and you see very extreme differences.  Here’s 1,000 nanometers in 

the infrared for a 1,000 degree object.  6,000 degrees, 500 nanometers; 12,000 degrees, 

way out in the ultraviolet.  So you get a big change in the position of that peak of the curve 
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with change in temperature. 

 Notice something else about these curves, though.  The ones that have the higher 

temperature are also higher up on the scale.  In other words, this 1,000 degree object is 

giving off most of its light in the infrared at 1,000 nanometers.  It’s giving off some light all 

the way into the visible and ultraviolet and some all the way into the infrared and maybe 

even radio, but not a lot at any particular wavelength.  When you get to a higher 

temperature, you get a little bit more energy given off everywhere.  The curve is higher 

saying more energy everywhere and it peaks in a different place.  So the whole shape of 

the curve changes and the height of the curve changes.  Which means as you increase 

the temperature of the object, it gives off more and more light.  I think you noticed that 

when I was messing around with the lights on overhead.  When I turned the light brighter, 

it got hotter, it got brighter, and it changed color.  It did it all at once.  And so what I’m 

showing you is that not only does the peak shift, but the total amount of light being given 

off also changes with temperature.  The total amount of light changing with temperature is 

the Stefan-Boltzmann law. 

 Again, it’s an equation and it says that the total energy being given off by a hot 

object — a lightbulb, a star, a match, anything that’s hot — the total amount of energy 

being given off is equal to some constant — we always have constants in these equations 

so the numbers come out right — times the fourth power of the temperature.  So as I 

increase the temperature of an object, the total amount of energy goes up as the fourth 

power of that temperature.  Which means I increase the energy an awful lot for a modest 

increase in temperature.   If I double the temperature of an object, if I go from 3,000 
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degrees to 6,000 degrees, I change the temperature by a factor of 2.  I change the amount 

of energy it can give off by a factor of 16, because 2 to the fourth power, T to the 4 th, is 16. 

 And so those lights over your head probably only doubled in temperature when I 

went from the low brightness to the high brightness, but the amount of light coming out 

increased probably by a factor of 16 because that doubling in temperature increases the 

amount of light tremendously. 

 And so when we look at a graph like this of different temperatures, the amount that 

this curve goes up is actually not what it should be.  I would have to extend the graph a lot 

to show you how much the light actually increased because this curve would be way up 

on the ceiling somewhere.  So actually the amount of extra light being given off is much 

more than we’re showing on this graph.  We just show sort of that 1,000 degrees gives off 

less light than 6,000, 6,000 less light than 12, but really we should be raising this curve 

much, much higher than we’re showing on the graph because the amount of light being 

given off is going up as the temperature to the fourth power. 

 The Stefan-Boltzmann law shows how much light you get out.  Wien’s law tells you 

about the quality of the light, what’s the general color of it.  You have two different things 

going on here.  One, the quality, what kind of light you’re getting out, and the other the 

quantity, the total amount of light you’re giving out.  Now, they both came out with these 

ideas, these laws for radiation, around 1900. 

 A short time after that, Planck, Max Planck, a physicist, began studying those laws 

and studying radiation and studying atoms and how they worked, and he had the insight 

to realize that this must be all one thing going on.  And I can plot it on one graph.  I can 
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show you a change in the peak and the change in the height on one graph and it’s all 

related to the same thing: temperature.  And so he realized there must be one rule that 

made the whole thing work.  And so he came up with what is called Planck’s law which 

again is an equation.  But I do not have an overhead for it because I don’t want to inflict it 

on you.  It’s not a simple equation like the previous two which were fairly easy to write and 

understand.  Planck’s equation is very complicated.  It has wavelengths in it, it has 

multiple powers in it of temperatures and various other things, and so we rarely ever show 

the equation, especially in a class before the exam.  Might get you all nervous and you’d 

start trying to memorize it or something. 

 But just understand that Planck was able to come up with one equation that 

combined Wien’s law and the Stefan-Boltzmann law into one rule or one law that 

describes the way objects give off light.  And, in fact, although what we’re showing here is 

Wien’s law, according to the overhead drawing, and we’re showing these peaks and I was 

referring to the Stefan-Boltzmann law, the amount of light that is given off totally, we call 

these curves that I’ve plotted up here, when I actually draw one of these curves -- we 

always refer to those as Planck curves because they’re actually calculated using Planck’s 

law. 

 And so although I’m demonstrating Wien’s law or Stefan-Boltzmann law, I’m 

actually using Planck’s equation to demonstrate them.  Because in order to calculate this 

curve to show you what it looks like for a 12,000 degree object, how much light is being 

given off at each wavelength, I have to use Planck’s equation.  So we’re sort of mixing 

things together here to try to demonstrate what’s going on. 
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 Wien’s law and Stefan-Boltzmann law are the simplest part of it and so we usually 

show you the equations because they both just have temperature in the equation.  Total 

amount of light varies as the temperature to the fourth power.  The wavelength at which 

the light reaches a maximum varies as one over the temperature.  So you have an inverse 

relationship in one case and a power law in the other, but keep in mind it’s temperature 

we’re talking about in both cases. 

 This is very important because one of the things that we need to know about stars 

or planets is their temperature.  Well, we can observe a star.  We can actually measure its 

spectrum at different wavelengths and we can plot one of these curves for that star.  We 

can observe how much light is being given off at each place in the spectrum for a 

particular star, then plot one of these curves and then compare it with the calculations 

from Planck’s equation.  And if we match one curve with a star, then we can say, “Hey, 

that star has that temperature because its light output matches what I get when I calculate 

the light output for an object of 5,000 degrees or 10,000 degrees, or whatever.” 

 And so we can use P lanck’s law and compare it with the actual output from stars to 

determine what those temperatures are for the stars.  And what we discover is that stars 

have many different temperatures.  There are stars that to your eye look red.  Right away 

you should know that’s going to be a cool star, 2,000 degrees kelvin, 2,000 kelvins.  There 

are stars that are extremely hot and to your eye look very blue.  How hot?  There are stars 

that are 50,000 kelvins.  That’s pretty hot.  That’s hotter than anything we’ve been 

discussing here.  The highest temperature I’ve mentioned so far was 12,000 degrees.  

But there are stars that are giving off most of their light out there in the ultraviolet and x-ray 
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parts of the spectrum.  What we see is the visible light.  It’s just the tail end of the curve.  

But that’s all we can see when we look up at the sky with our eyes, so we see a bluish 

looking star because there’s more violet and blue lights than there is anything else coming 

from the star, as far as we can tell. 

 Keep in mind that when we talk about colors of stars and we relate them to 

temperatures, it all sounds backwards.  You’re used to thinking of something being red 

hot, right?  That’s a term: red hot.  Or you’re used to thinking of ice being blue.  Something 

that’s bluish you usually think of as cold, icy.  In astronomy it’s exactly the reverse.  

Something looks blue in the heavens, like a star, it’s hot.  It’s 50,000 degrees or 30,000 

degrees.  It’s a hot object.  Because we’re seeing the blue photons more than anything 

else and they’re only given off when the object is hot — or a lot of it.  When we see red 

objects in the universe, they’re what we call cool, cool red.  And so everything seems 

backwards from what your normal experience would be of red hot and icy blue.  

 So keep that in mind that blue for a star is very hot and red for a star is very cool.  

White is sort of middle of the spectrum, middle of our visible spectrum.  More or less 

sunlight temperatures are a little bit warmer than that.  And so you can tell, more or less, 

the temperatures with your eye, but you need to actually plot up the distribution of light 

with wavelengths in order to get an accurate temperature and you do that by comparing it 

with a Planck curve for a certain temperature. 

 Notice on this particular overhead I’ve been showing that the equation is written 

reversed.  It’s got the temperature on the left and the wavelength of the maximum, the 

wavelength of the peak, in the denominator.  You can reverse those.  That’s just algebra.  
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You can do it either way.  The person who made this overhead preferred to have the 

temperature on the left.  It’s still an inverse relationship between temperature and 

wavelength so it really doesn’t matter.  Usually it’s written the way I showed you on the 

overhead with the equation, with the wavelength on the left and the temperature in the 

denominator.  But people do it different ways.  And notice whoever made this overhead 

actually showed you what the color of the object would look like if you were just looking 

with your eye: red, white or blue. 

 We will be discussing more about light several chapters down the road.  What 

we’ve talked about so far is what you need to know for this part of the course, but there’s 

actually a lot more we need to talk about when we come to light.  So this is the first part.  

Do you have a question? 

 [Inaudible student response] 

 You don’t need to do any calculations since the test is multiple choice, but I would 

recommend knowing the equation, yes.  And I’ll smile when I say that.  So, yes, you do 

need to know the equation.  Both of ‘em.  In fact, you might want to know Newton’s law of 

gravitation equation also, and a couple of other equations that have popped up here and 

there.  If I’ve shown the equation on an overhead, you need to know it for the test.  I know 

there are actually more equations in the book that I have not discussed.  If I have not 

discussed them in class, you do not need to know them for the test.  Only the equations 

that show up on an overhead are really needed, as far as something you have to keep in 

mind.  That way — you know, you may see equations in the book that are peripheral.  I 

don’t consider them important.  If I didn’t mention them, just ignore them.  Yes? 
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 [Inaudible student response] 

 You do not need to know the equation.  You just need to know that it’s a 

combination of Wien’s law and Stefan-Boltzmann law, and that it describes how objects 

give off light for different temperatures.  Actually, Planck’s law will be discussed more 

again in several chapters.  I just introduced you to it.  So you’ll learn a lot more about it in 

a few weeks.  Any other questions?  Any general questions about the test?  It’s coming up 

fairly soon, like your next class.  No questions about the test.  There’ll be 50 questions on 

the test, multiple choice.  I know some people refer to that as multiple guess but please 

don’t take it that way.  It’s multiple choice and you should have some idea what you’re 

guessing about. 

 Okay.  Well, if that’s it, we’ll have the test on Monday. 


