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 Today we’re gonna continue our discussion of atoms and then we’ll get into energy.  

As you may remember, I mentioned John Dalton who first worked out the idea that we had 

separate types of atoms which he called elements.  As far as he was concerned, these 

were the smallest divisions of matter.  Once you got down to elements and you had single 

atoms of a particular element, that was the basic building blocks.  We know today that’s 

not true.  You can actually break atoms down into smaller parts.  But at least he figured 

out what the elements were. 

 It’s not very focused, is it?  That’s about as well as I’m gonna get it focused.  This is 

a periodic table of the elements.  You’ve also got one on the side wall if you prefer to look 

at that.  As I mentioned the other day, hydrogen and helium are the two most common 

elements in the universe.  They also are very light gases.  Many of the elements are 

gases over in this section.  Some of them are metals, some of them are non-metals.  

We’re not going to really go into much detail about the periodic table. 

 I just want to mention a couple of short things.  We’ll be talking about iron at some 

point, especially when we’re talking about the solar system because the inner planets are 

made a lot of iron.  And iron is #26 up here.  It’s right in the middle but fairly close to the top 

compared to the atoms farther down.  And the way this table is arranged is in terms of 

what we call atomic weight. The lightest elements are up at the top, the heaviest elements 

are down at the bottom.  Atoms turn out to be made of smaller particles called protons, 

neutrons and electrons.  We arrange this table more or less in order of the number of 

protons that are in the nucleus of an atom. 

 So start out with hydrogen.  It has one proton.  Move over to helium, it has two 
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protons.  Move over to lithium, it has three.  Ferileum has four.  And, as you can see, the 

number in the upper left of each box is that number, and so it really is telling you the 

number of protons in the atom.  Dalton understood that elements had different weights.  

He wasn’t exactly sure why.  It took another hundred years or so before scientists worked 

out the structure of the atom in order to understand the whole thing. 

 Oh, I wanted to mention one further thing having to do with the periodic table.  

Down here you have some heavy elements.  This one i s called uranium.  You’ve probably 

heard of that one.  Atomic bombs are made out of uranium.  We have nuclear power 

plants that have uranium.  So we have uranium, neptunium and plutonium.  Guess what 

they were named for?  The planets Uranus, Neptune, and Pluto.  So we actually have 

some elements that were named after the planets.  We also have Mercury, of course.  But 

uranium, neptunium and plutonium were actually named for the last three planets in the 

solar system. 

 Around 1900 a physicist named J. J. Thompson discovered the electron.  He 

realized that certain particles that were zipping along had a negative charge and they 

were separate particles.  They were not atoms; they were something else.  And it was 

hypothesized that they were parts of atoms.  And so people began to realize that maybe 

an atom wasn’t the most basic structure.  There was something else there inside atoms 

but nobody quite understood the structure of the atom.  They now knew that probably 

there were more parts in it, but nobody was quite sure how the parts fit together. 

 Ernest Rutherford, a few years later, was studying the structure of atoms, trying to 

figure out how they were made.  At first everybody just thought it was a ball.  And then 
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when electrons were discovered and it was found that there were particles in the atom, it 

was thought, “Well, maybe the positive part of the atom that makes it neutral against the 

electrons is sort of a spherical thing and the electron kind of goes around inside it or 

something.”  Because nobody was quite sure. 

 So Rutherford was studying the structure of atoms by using particles that were 

called alpha particles.  Now, you’ll discover in science a lot that when people don’t 

understand what they’re talking about or only have a vague notion about something, they 

will label it in a fairly simple way.  Like A, B, C or alpha, beta, gamma, which is just Greek 

letters for A, B, C — well, not quite A, B, C, but the same idea.  And so there were some 

particles like the electron that had been discovered that had simpler labels when nobody 

knew what they really were.  And they were called alpha particles, beta particles, and 

gamma particles.  They were just something that people were studying that they knew 

existed, but they didn’t know the details of what they were like. 

 Alpha particles, as we now know, are the nuclei of helium atoms.  But Rutherford 

didn’t know that.  He just knew that they were particles of some sort so he called them 

alpha particles.  Turns out that beta particles are electrons and it turns out that gamma 

particles aren’t particles at all.  We now refer to them as gamma rays because we now 

realize that they’re a kind of light, photons.  But at that time they thought all of these things 

were just some kind of particles so they just labeled ‘em alpha, beta, gamma.  Something 

to start with. 

 So Rutherford was using these alpha particles which came from uranium.  They 

naturally came flying out of uranium every once in a while.  Apparently, uranium would 
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break apart and shoot alpha particles out.  And so he was using these alpha particles to 

see if he could shoot these particles through other materials.  Because he had the idea 

that if he could bounce the alpha particles off atoms, he could somehow figure out the 

structure of the atoms. 

 It’s a fairly simple experiment.  What you do is shoot the alpha particles at a piece 

of material — and he happened to use gold foil because he could make it nice and thin.  

So he had that radioactive source in the lower left and he was shooting these alpha 

particles — which he didn’t know what they were — at gold foil to see how they bounced 

back, see how they bounced around when they hit the atom.  And he discovered, to his 

amazement, it was almost as if the gold wasn’t there.  Most of the alpha particles just went 

right through the material as if it was empty space. 

 And so he realized that atoms were not big round balls that were next to each other, 

because that would’ve blocked most of the space.  They must be much smaller with big 

spaces between them because most of the alpha particles were just going right on 

through and weren’t even being disturbed by these atoms.  Sometimes atoms would 

actually cause something to happen to an alpha particle and the alpha particle would go 

off at some angle.  So he figured in those cases he must be actually hitting the atom and 

the alpha particle is bouncing off. 

 But there were very few of those.  And so he was pretty surprised at the structure 

that the atoms were so small compared to what he thought they would be.  But his biggest 

surprise was that every once in a while an alpha particle would bounce straight back from 

the foil.  And what that would mean is that it had to hit something pretty hard to get 
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bounced back.  Because if you think about Newton’s laws, if an alpha particle is going this 

way and hits something, it’s gonna cause a force to move the atom.  But the atom was 

somehow causing enough force back that it was actually knocking the alpha particle back 

the other way. 

 And if you have a very large atom that’s sort of diffuse, you would not expect to be 

able to knock a particle straight back.  It would go off in various directions but how do you 

get it to bounce right back?  How do you have enough force on it to bounce it back in your 

own direction?  And when he studied that, he realized the only way you could do that is if 

almost all of the mass of the atom, all of the stuff that the alpha particle would collide with, 

had to be in a very, very small space so that when the alpha particle hit it, it was hitting the 

entire mass at once and bouncing back. 

 And so when he did these experiments, he began to realize that atoms were not 

these big balls that were next to each other.  They were extremely small, very minute, and 

most of the space around them was empty.  There was little tiny masses with a lot of 

empty space so that most alpha particles would just miss.  And so he had to revise his 

idea of what the structure of the atom was like and he came up with what we more or less 

consider today’s idea that we have a very dense nucleus for the atom in which most of the 

mass lies and then there’s an empty area around that nucleus.  And somehow in that 

empty area the electrons are going around. 

 So that changed our view of the kinds of atoms — what atoms were like.  And this 

is the 20th century, remember — 1911 — and so it’s fairly recently, if you consider the last 

hundred years recent, that we have known what atoms were really like.  And it was 
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because of Rutherford’s experiments we began to realize that. 

 Now, the author shows us a drawing of the most common atoms.  You see on this 

drawing what’s labeled A is the hydrogen atom.  One proton in the middle, almost all the 

mass right there in that little proton, and one electron going around it.  The electron only 

has about 1/2000th of the mass of the proton.  So in a way, you can almost look at this like 

the sun and the earth.  The sun has most of the mass, so the earth goes around it.  In 

atoms, the nucleus has most of the mass so the electrons go around it. 

 Except that we’re not talking about gravity here.  It’s not the gravity that keeps them 

going around.  It’s actually electrical forces.  Because the proton has a positive charge 

and the electron has a negative charge, so they’re actually stuck together because of their 

electrical charges and not because of gravity.  I suppose every atom has gravity because 

it’s made of matter, but it’s not the gravity that has much of an effect.  Gravity is much too 

weak.  The electrical forces are much, much stronger and so they are the ones that are 

holding that atom together. 

 Then we have the next most common element in B and that’s helium.  Helium has 

two electrons going around it, two protons in the nucleus, and two other particles that you 

might say were invented so that they would make the atom work.  And they’re called 

neutrons.  They do not have an electrical charge.  Protons have positive charge, electrons 

have negative charge.  Neutrons are neutral.  No charge.  And so what’s the purpose of a 

neutron in the atom?  It holds the protons together.  Protons both have positive charges in 

that helium nucleus and so their tendency would be to fly apart.  They both have positive 

charges.  Positive charges repel each other.  You would expect those two protons to fly 
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apart.  The neutrons sort of cement them together. 

 And so neutrons are required in these atoms to hold the nuclei together.  They also 

are about the same mass as the protons, and so it makes the particles much heavier.  

And so without the neutrons, the particles would all be a lot lighter and wouldn’t have as 

much mass.  So we have neutrons, protons and electrons.  

 We get more complicated atoms when we come down to C.  That’s carbon.  It has 

six electrons going around, it has six protons in the nucleus, and it has six neutrons to 

hold those protons together.  Then we have nitrogen in the middle, D, and that has seven 

of everything.  And then we have oxygen and that has eight of everything.  Fairly simple 

so far.  You look at the number of protons.  It should have the same number of electrons.  

And for the drawings I’ve shown you, it also has the same number of neutrons. 

 It turns out, though, that the number of neutrons is not fixed.  There are hydrogen 

nuclei, the simplest atom, that has a proton and a neutron.  Now, you would think, “Well, 

what does it need a neutron for?  It’s only got one proton.  It can’t run away from itself.”  So 

the neutron is not necessary to hold the nucleus together, but you can still have a proton 

and a neutron as a hydrogen nucleus.  If you have that kind of nucleus, we refer to it as 

heavy hydrogen.  Because it has more mass because it’s got the extra neutron.  

Otherwise, it acts just like regular hydrogen.  

 There’s even a kind of hydrogen that has two neutrons and one proton.  You would 

think that’s totally unnecessary — and, yeah, it probably is but it’s there.  There is such a 

kind of hydrogen.  It acts like hydrogen but it’s actually got three particles in the nucleus: 

one proton, two neutrons.  Notice I still consider it hydrogen because it’s the number of 
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protons that determines the kind of element we call it.  Not the number of neutrons or 

electrons.  It’s the protons.  That makes it the element it is. 

 So as long as you have one proton, you’ve got hydrogen.  When you go to two 

protons, you’ve got helium.  Now, the one that’s up on the screen shows you two neutrons, 

but there is a kind of helium with one neutron.  And so if we wanted to separate that from 

normal helium, we could call it light helium because it’s actually got less mass than the 

normal helium that has two neutrons and two protons.  So if you have one neutron and 

two protons, light helium; two neutrons, two protons, normal helium. 

 Same goes for all the other elements.  You can have carbon that has seven 

neutrons.  That would make it what we call it Carbon 13.  Thirteen particles in the nucleus.  

Normal nitrogen has seven neutrons and seven protons, but you can have Nitrogen 15 

which has eight neutrons.  You can have oxygen with eight neutrons or nine neutrons or 

ten neutrons.  So the number of neutrons can vary.  But the number of protons determines 

the element. 

 Now, we’re not going to look at the structure of all hundred and some elements 

‘cause that would take a long time and it’s pretty much the same thing.  You’d just have 

more and more protons, more and more electrons, and more and more neutrons.  But I 

will mention when you get up to very heavy nuclei such as uranium, you might have 92 

protons but you’ve got to have more than 100, 130 neutrons, to hold those 92 protons 

together.  So as you get to heavier and heavier materials, you will find that there are more 

and more extra neutrons that are necessary to hold the nucleus together. So among 

the light elements like hydrogen, helium, or carbon or oxygen, the normal atom has the 
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same number of neutrons as protons.  For heavier materials, there are always more 

neutrons.  Any questions on that?  Okay 

 We’ll be talking more about atomic structure later on.  In this chapter all we’re doing 

is giving you the basics to start with.  And then we’ll come back to it in a later chapter and 

talk in more detail about how the atom interacts with nature.  But now I’m gonna change 

the subject a little bit and start talking about energy. 

 What is energy?  Well, the author of your text defines it as the ability to do work.  

That’s pretty vague.  Does that mean that all students have energy?  You’re all supposed 

to do work.  The author also says if that’s too vague for you, then how about the ability to 

cause change?  That sounds pretty vague also.  Energy is something that allows things to 

change.  The ability to do work, to change things, make something happen. 

 There are lots of kinds of energy and the author goes through most of them.  We 

have what we call potential energy.  Sometimes it’s referred to as energy of position.  This 

marker as I’m holding it has potential energy.  It’s not doing anything.  It’s not causing 

change.  It’s not doing any work.  But if I let go of it, it drops and it marks my book.  So it did 

some kind of work.  May not have been useful, but it did something.  It has potential 

energy.  In other words, if I let it go, it can do something.  Well, where does it get that 

energy?  It gets it from gravity.  It’s got gravitational potential energy.  When I let go of it, 

gravity pulls on it, makes it move, and then when it hits something it can do work. 

 So potential energy is energy based on something’s position.  It’s not actually 

doing anything at the moment, but it has the ability to do something if, let’s say, I let it go.  

Potential energy.  Same kind of thing you would have if you stretched a spring.  You 
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stretch the spring out, as long as you don’t let it go nothing’s happening.  But if you let go 

of it, it can spring back and it can do work.  It could break your fingers.  It does something, 

causes a change.  And so potential energy is -- because of the position or the situation of 

an object, if the right conditions happen, it can then do work.  It’s not doing it at the 

moment but it’s got the ability to do it if something else happens. 

 We also have what we call kinetic energy and that’s energy of motion.  Notice that 

when this was just hanging here it had potential energy.  When I let go of it, the potential 

energy turns into kinetic energy.  It moves.  It’s actually the moving that does the work.  If 

this didn’t move, if it just hung there in the air, it wouldn’t do any work.  It’d make you all 

nervous so it might cause a change.  You’d all run out of the room.  But it wouldn’t do any 

work physically.  It’s only because it moves that when it hits, its motion causes the 

change. 

 And so potential energy can always turn into kinetic energy and kinetic energy is 

energy of motion, the ability to do work because something is moving.  The two are very 

closely tied together.  Potential energy turns into kinetic energy.  But I also need kinetic 

energy to get this marker up to where it is so that it has the potential energy.  I have to 

move it into position and then it has the potential energy.  So potential energy and kinetic 

energy are very closely tied.  One turns into the other.  Just two different aspects of the 

same thing. 

 We then have a third kind of energy which is usually called thermal energy or heat.  

And it turns out when you study it in detail that it’s really microscopic kinetic energy.  Heat 

or thermal energy is the motion of atoms and molecules.  On a microscopic scale.  
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Particles in the air or particles in this desk are moving.  They’re vibrating back and forth.  

Well, that’s motion.  And so each individual atom or molecule has kinetic energy.  It’s 

moving.  May not be moving in a straight line very far because it bumps into other atoms 

and molecules, but it is moving.  And so each individual particle has kinetic energy.  But 

when we see the whole thing together, all the atoms in the material or in the air, we don’t 

think of it as individual particles moving around.  We just say that there’s a certain thermal 

energy in the material.  But it’s really kinetic energy on a microscopic scale. 

 Notice the word thermal.  It’s got something to do with temperature.  So now we’re 

gonna talk about temperature.  What is temperature?  Temperature is a measure of the 

average kinetic energy of the particles that are moving.  So when we talk about the 

temperature of the air in this room, we’re talking about how fast on the average these 

particles are bouncing around.  If the temperature in this room goes down, what that 

means is that the particles individually have less energy and so they move more slowly.  If 

I raise the temperature of the air in this room, that means that each individual particle on 

the average has more energy and so they are moving more quickly.  So temperature is a 

measure of how fast the average particles are moving.  And so we just talk about it as a 

shorthand to describe how the energy is distributed in the particles. 

 Keep in mind that temperature is not the total amount of energy in the room.  It’s 

just sort of the energy per particle.  When we discuss temperature — and we will be 

discussing temperature in this class a ll the way to the end of the course — we usually 

have to use a specific scale.  And the author shows you three different scales.  The three 

different scales that are in use are Fahrenheit, which is what we normally think about if we 
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say it’s a cold day and it’s 30 degrees out.  We’re really thinking Fahrenheit 30 degrees is 

cold.  But there’s also a second scale known as Celsius or Centigrade -- used to be called 

Centigrade; now it’s referred to more as Celsius — that is a different scale where cold is 

maybe zero.  And then we have a third scale which is called Kelvin scale which has zero 

as even colder. 

 So why do we have these different scales?  Why not just have one and be done 

with it?  Well, for historical reasons the scales were developed at different times for 

slightly different purposes.  The original scale was probably the Fahrenheit scale and it 

was set up for our normal experiences with weather.  As cold as it ever gets in the 

winter — at least in Europe and the United States — is about zero degrees.  So zero was 

a nice unit for cold temperature, about as cold as you’d expect in the winter.  And 100, 

from zero to 100, 100 was considered as about as hot as it gets in the middle of the 

summer. 

 So it was a nice scale for our normal experiences of temperature.  Zero for very 

cold, 100 for very hot.  And then scientists wanted to tie that it with physical phenomena 

so it was noticed that water froze or melted at 32 degrees on the Fahrenheit scale and 

water boiled at 212 degrees.  But the scale was not set up with water in mind, and so 

these numbers are not round numbers.  The round numbers, 0 and 100, were set up for a 

normal experience. 

 But then people decided they wanted a more scientific scale.  They wanted one 

that was tied to physical phenomena.  And so a new scale was set up so that the round 

number, zero, was the freezing point of water.  A physical thing you could measure and so 
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you knew what that measurement meant.  And so zero on the Celsius or Centigrade scale 

was freezing point of water.  They then set up the 100 mark, the next round number on 

that scale, when water boils.  So the Celsius scale was set up for freezing point of water to 

boiling point of water.  Not what we would consider our normal experiences; more 

something that physically happens to a particular element or a compound, water. 

 So that scale was set up, is mostly in use everywhere in the world except the 

United States.  If you go to Europe and you want to look at the temperature, you’re gonna 

see it in Celsius.  If you go to Canada you’re gonna see it in Celsius.  You’re gonna see it 

everywhere in Celsius except in the United States.  And even in the United States you’ll 

notice that a lot of thermometers or scales you’ll see at banks and so on have both.  

They’ll put Fahrenheit a nd then they’ll put Celsius.  The attempt is to get you used to using 

Celsius.  Because since the rest of the world is using it, sooner or later it’s assumed we’ll 

start using it.  But I wouldn’t hold my breath because it hasn’t happened yet. 

 Now, there’s that third scale, the Kelvin scale.  Why is that there?  Well, scientists 

decided that water wasn’t the most basic unit for measuring temperature.  Because even 

when water freezes or ice melts, the atoms are still moving.  They’re moving more slowly 

than they would if it’s nice and warm, but they’re still moving.  And so scientists wanted to 

have a scale where zero on the scale meant absolutely cold.  In other words, no motion of 

the atoms at all, no kinetic energy.  They wanted zero to mean zero.  And so they had to 

reset the scale so that the temperature all the way down at which atoms themselves no 

longer move, so that they have no kinetic energy, was the zero and we refer to that as 

absolute zero to separate it from Celsius zero or Fahrenheit zero which are different zeros.  
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You would think zero is zero, but not with temperature. 

 So we start at absolute zero and then we decided we had to have a scale of how it 

increases, what is one shift of the scale from zero to one to two to three, and it was 

decided that since the Celsius scale was semi-scientific that we would keep the same 

divisions.  So we all we did was shift the scale down to -273 on the Celsius to make it 

absolute zero on the Kelvin but the size of each degree remained the same.  That’s not 

the case with Fahrenheit.  Right there 212 degrees of Fahrenheit for 100 degrees of 

Celsius.  So Celsius degree is bigger. 

 Well, the Kelvin degree is the same.  Then just to confuse students even more, 

scientists decided they won’t even use the word degree.  So when we talk about Kelvin 

temperature, we just refer to Kelvins instead of degrees.  This is very confusing and quite 

often you will see even in textbooks that scientists still use degrees Kelvin, although they 

won’t admit it.  Many of them still refer to degrees. 

 And astronomers are guilty of that a lot.  If we are talking about the temperature of 

the sun, we will quite often say it’s 5800 degrees and it was 5800 Kelvins.  Not quite the 

same.  It’s easier just to say degrees, but the technical term is Kelvins.  And so we don’t 

use the word degrees with the Kelvin scale.  But I’ll probably wind up using the word 

degrees anyway.  So if I say a million degrees in the solar corona, that’s what you’re 

gonna think is degrees, even though I mean a million Kelvins.  And probably if I said a 

million Kelvins, you’d still think a million degrees.  So get used to both terms.  They’re both 

in use. 

 Any questions about the temperature scale?  Notice that when you’re talking about 
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low temperatures, like the temperature in this room, there’s a big difference in the 

numbers.  We’re talking about 70 degrees Fahrenheit, we’re talking about 20 degrees 

Celsius, and we’re talking about something around 300 degrees Kelvin or 300 Kelvins.  

So the number is very different.  When we start talking about stars and the centers of stars, 

I’ll talk about the center of a star being 10 million degrees or 10 million Kelvins, it doesn’t 

make any difference.  I could be talking about Celsius or Kelvins.  If I’m talking about 10 

million, a difference of 273 doesn’t mean anything. 

 And so the Celsius and Kelvin scales are pretty much the same when you get up to 

very high temperatures.  It’s only when you’re at the very low temperatures that the 

number looks a lot different.  So we won’t worry about it much when we get up to the 

centers of stars and we’re talking about 10 million or 20 million degrees. It does make 

a difference if we’re talking about Fahrenheit and we never do talk about Fahrenheit when 

we talk about stars.  So forget the Fahrenheit scale as far as astronomy is concerned.  We 

usually use Celsius or Kelvin. 

 Okay.  We’re talking about thermal energy.  We’re talking about potential energy.  

We’re talking about kinetic energy.  This ability to do work.  What is that?  It’s related very 

closely to force.  Because if I drop this marker, the reason it does work is it puts a force on 

whatever it hits.  And so really we’re talking about forces.  We’re back to Newton’s laws: 

laws of motion, law of gravitation.  Work is just a force doing something.  And so energy is 

connected to the forces that objects have.  This has the potential to create a force on 

something.  And when it gets dropped, it starts to move so that when it hits it puts a force 

on it.  And whatever is sitting there puts a force back and so you’re right back to Newton’s 
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laws. 

 So energy is very closely related to forces because when something is doing work, 

it’s putting a force on something else.  So we’re still talking about Newton’s laws, even 

though we’re now referring to energy and particles and things that don’t seem terribly 

related.  But they are. 

 If we’re talking about heat, temperature, there are different ways that those forces 

can work.  And so let me talk about those.  We transfer heat.  But what we’re really saying 

is we’re moving the energy around.  We’re doing work.  We have forces working.  And we 

have three different modes of transferring this energy and we refer to them in different 

ways. 

 This overhead shows conduction on the left.  Conduction, when we talk about heat, 

is when atoms and molecules that are next to each other literally bump into each other 

and move each other around.  So if I do something to one atom, I put a force on it that 

speeds it up.  I’ve given it some energy.  It moves faster.  It immediately bumps into the 

next atom.  And that puts a force on that atom.  It gives the next atom some energy.  And 

so the energy has moved from one atom to the next.  Those atoms are physically in 

contact, bumping into each other.  That kind of energy transfer is called conduction.  It 

usually occurs in solids and liquids.  It can happen in gases but not as easily.  So the 

energy starts in one place and works its way across. 

 A good example of that would be if you took a metal rod and you stuck one end of 

it into a fire.  The energy, the hot part of the rod, is at one end.  But if you held that rod in 

the fire long enough, the energy from one end works its way up the rod, atom by atom, 
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molecule by molecule, until it gets to the other end of the rod so at some point the rod gets 

hot.  It’s a slow process but it’s pretty predictable. 

 Another way the heat can be moved is by what we call convection, and convection 

is when the molecules and atoms that are heated up or get more energy actually move 

physically to a new place.  So they don’t just transfer the energy to the next atoms and 

molecules.  They actually, as a group, move somewhere else.  That happens most often 

with water or with gases, liquids and gases. 

 We have one part of it being heated and then that heated part actually shifts 

around to another place and moves the energy to a new location.  So the material actually 

shifts.  It doesn’t just transfer the energy.  And so convection is when the air in the room, 

for example, will move around.  And so if it’s cold over in one corner and warm in another, 

the air will circulate and even out the temperature.  You have a transfer of energy from 

one place to another by the actual motion of the material. 

 Notice that cannot happen with a solid.  With a solid, it’s got to be conduction.  

Because this part of the wood can’t move over to there so it can only transfer the energy 

by conduction.  But when the material itself can move in liquids or in gases, then you can 

get convection when the entire material moves around.  

 We then have a third case which we refer to as radiation.  Energy can actually be 

transferred, you might say, at a distance.  You can have something over here which is hot 

and something over there which is cold, and without the hot stuff moving to the cold part 

and without molecules and atoms bumping up against each other, the energy can still get 

from the hot place to the cold place by using little packets of energy and actually shooting 
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them out.  We call those little packets of energy photons. 

 Photons are the basic building blocks for what we call light.  The lights over your 

head are photons.  Little bits of energy that are coming out of the light bulbs and moving 

energy somewhere else.  So it’s not the actual particles that are moving.  It’s little 

intermediaries that are being shot out from the particles and, in this case, to your eye.  So 

the energy actually reaches your eye and so you know that there’s energy there.  

Radiation is photon energy.  I know sometimes that term radiation immediately invokes 

uranium or plutonium ideas.  But in science radiation just means energy being 

transmitted. 

 And we can transmit it as photons, little bits of energy, little packets of energy, that 

all move at the speed of light but they’re not part of the atoms themselves.  The atoms 

over here that are warm give off the particles of photons.  The particles of photons then 

move through empty space, arrive at the colder atoms, and then the colder atoms absorb 

that energy and become warmer.  So in a way you might think of it as some kind of action 

at a distance.  Energy over here is transferred to energy over there without any 

conduction, no bumping up against each other, no convection, no shifting of material.  

Just the photons of energy being sent out.  And what is a  photon?  It’s a little packet of 

energy that zips along through space at the speed of light. 

 So we have those three different methods of moving heat.  In astronomy we worry 

about all of them.  But actually the one that we’ll wind up talking about the most is 

radiation.  We obviously don’t have any conduction from stars to the earth and we have no 

convection from stars to the earth, but we do have lots of radiation coming from stars to 
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the earth.  So that’s the one that we wind up using the most. 

 Okay.  We’ll continue this tomorrow. 


