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 Okay.  We’re gonna continue our discussion today of telescopes and instruments 

that go on them.  I wanted to start out by showing you some more slides.  We usually think 

of telescopes being used for looking at objects very far away and very faint.  As I 

mentioned, astronomers always want to have big telescopes because we’re looking at 

very small galaxies or stars.  But we also have a lot of telescopes that are set up for 

looking at the Sun, and so those telescopes really don’t need to be quite as large.  They 

need to be decent sized because we want to get good resolution, but we really don’t need 

to gather too much light because the Sun is plenty bright.  And so mainly we worried about 

it being too bright. 

 Here’s an example of a telescope used during the day to look at the Sun.  There 

are actually solar observatories around the Earth.  This one happens to be in an area 

called Sunspot, New Mexico.  The place was actually named because it’s nothing but a 

solar observatory.  And at this observatory there are probably 10 different telescopes in 

different buildings, all looking at the Sun every clear day.  So this shows you point at the 

telescope.  You’ll notice at the front end of each telescope there’s sort of a blocker to keep 

stray light from getting around on the equipment.  There’s so much light coming from the 

Sun that you actually have to make sure you only let in the light you want and you keep 

out the rest of it.  Here’s a closer look at that telescope and again you see all of the 

blockers everywhere keeping the stray sunlight from getting onto parts of the equipment. 

 We also have a kind of telescope on the Earth called a radio telescope.  This is like 

a giant antenna that picks up radio waves from space.  We usually design it so that it’s in 

the shape of a — what looks like a mirror telescope and that shape is the most efficient for 
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collecting the radio waves and bringing them to a focus just the way we would with regular 

light.  And so then from the focus -- since this is radio waves, it’s not visible light — we use 

electronics to study those radio waves. 

 Here’s a picture of a radio telescope.  Radio telescopes tend to be extremely large 

compared to optical telescopes.  This particular radio telescope is a couple of hundred 

feet across, much larger than this room, and the one behind it is a little bit smaller but still 

fairly large.  These telescopes generally get enormous.  Hundreds of feet is typical for a 

radio telescope.  In fact, this one is the largest one in the world.  It’s over 1000 feet in 

diameter.  It’s a fifth of a mile across.  It’s so large that it’s really not a freestanding 

telescope.  It was built into a natural hollow in a hill.  And so literally the hillside was wired.  

 So we have this enormous telescope.  It does not move.  Since it’s built right into 

the ground, it only moves with the earth.  As the earth rotates, the telescope slowly swings 

across the sky, you might say, looking at various objects.  The only way we can vary 

which direction it actually looks is by moving that receiver that’s mounted above the 

telescope.  That can be moved back and forth across the telescope so that radio waves 

being reflected from various directions go into the receiver.  But this telescope is in Puerto 

Rico and it is the largest in the world, as I mentioned.  I don’t expect any larger ones to be 

built.  This is sort of a unique case. 

 Because when you get to very large telescopes, when you desire extremely large 

telescopes, you wind up going to multiple telescopes.  Now, if you look at this drawing, 

what you see are two telescopes, two radio telescopes, each of which are quite large.  

Each one of these might be 100 feet across.  But instead of having one very large one, 
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you have two moderately large ones and you wire them together.  Since radio signals are 

studied electronically, you can wire these telescopes together electronically and combine 

their signals. 

 And so a lot of radio telescopes around the world are actual multiple telescopes, 

multiple receivers, that are wired together and they act in certain ways like a much larger 

telescope.  This is called an interferometer.  And so when you have more than one 

telescope tied together, either optically or electronically as in this case, you call it an 

interferometer.  And radio interferometers are quite common. 

 Here’s an example of the radio observatory in Greenbank, West Virginia.  And 

what you have here are many different telescopes which can be used independently or as 

an interferometer.  So if you’re working on a project where you only need one telescope, 

you can use just one of those telescopes.  Or, if you’re working on a project where you 

really want the advantages of an extremely large telescope, usually to get better 

resolution, better detail, then you can wire these telescopes together so that they all work 

as one.  You have to point ‘em all in the same direction, of course, but they can act as one 

giant telescope. 

 The largest interferometer in the world is actually in New Mexico and this is the 

interferometer that’s down there.  Notice how many telescopes it has wired together.  

These telescopes are on railroad tracts so they’re not in a fixed position.  They can 

actually move out along the railroad tracks so that the distances between the telescopes 

can be varied.  This is called the very large array in New Mexico and it’s the largest 

interferometer.  Because you can move these telescopes around, the effective size of this 
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telescope can literally be many miles in diameter.  So it will mimic a telescope that is the 

equivalent of several miles across but it’s really not.  It’s a bunch of smaller telescopes 

that are being wired together to do the job.  So it’s much more efficient, in a way, in trying 

to build one extremely large telescope because one extremely large telescope you can’t 

move very easily.  Such as the one in Puerto Rico.  It’s just built right into the ground. 

 And, of course, we have space telescopes.  This is the Hubble space telescope.  

There are many space telescopes up in space right now, each for a part of the spectrum 

that we can’t easily observe on the ground.  Now, you might wonder what part of spectrum 

was the Hubble telescope designed for.  The Hubble telescope was actually designed to 

be an ultraviolet telescope.  Its instruments were designed to pick up ultraviolet waves 

because those don’t make it through the atmosphere.  However, ultraviolet telescopes 

can be designed almost the same as visible telescopes so the Hubble telescope is also a 

visible telescope.  So it can take pictures of things you can see but it can also take images 

in the ultraviolet of things that you cannot see.  And recently its use has been extended by 

putting infrared detectors on it so that in some ways it can also act as an infrared 

telescope.  So it has multiple uses, but its original use was an ultraviolet telescope. 

 There are many other spacecraft in orbit.  We had a gamma ray telescope in orbit 

for many years, the Compton gamma ray telescope.  It was a space telescope similar to 

the Hubble.  Unfortunately, it came down a couple of years ago so it’s no longer available.  

We’ve had infrared telescopes up in space that were only infrared telescopes.  There are 

more being planned that are gonna be sent up soon.  There are x-ray telescopes in space.  

Any kind of telescope that you need, that cannot be used from the ground such as the 
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gamma ray and x-ray and ultraviolet, can be put in orbit so that we can actually make 

those measurements without the atmosphere interfering. 

 We have even put radio telescopes in space but it’s not as necessary because, as 

you saw, we have lots of them on the ground.  Only for certain parts of the spectrums, 

such as the microwave part of the spectrum, do we need radio telescopes up in space.  

Okay.  That’s the end of those slides. 

 Okay.  Now I want to change our focus a little bit and talk about the instruments 

that go on telescopes.  You can have an 80 million dollar telescope.  But unless you’ve got 

some kind of instrumentation attached to it, it’s not much use.  I suppose you could have 

an astronomer looking through an eyepiece and telling you what he sees, but nobody 

wants to pay 80 million dollars for that.  And so what we do is we design sophisticated 

instruments to go on these telescopes so that we can learn about objects in space, and so 

we have many different instruments that can go on the same telescope. 

 For example, we have cameras.  All the pictures you see in the textbook, all the 

pictures I’ve been showing you, are taken with cameras and so on every telescope you 

need to have some sort of a camera.  Historically, cameras were the first instruments put 

on telescopes and so the first picture taken of an object was a picture taken of the Moon 

back around 1850.  And from then on, astronomers always had cameras for their 

telescopes.  Those cameras used to use photographic plates and so I list up there 

“Cameras with Photographic Materials.” Today some people still use cameras with film 

on the backs of small telescopes to take pictures of objects.  But even in those cases, 

cameras are now losing out to newer instruments.  Because there are now instruments 
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that can take pictures, images, without the use of photographic plates or film and those 

are usually what we call digital cameras.  

 Spectrographs are also in use for studying objects in the universe.  We’ve talked 

about looking at the spectra of stars, seeing lines in the spectrum.  Well, we have to get a 

spectrum to see lines in it.  And so what we usually do is gather light through a telescope, 

shine that light into a spectrograph, and that spreads the light into a spectrum and from 

that point we can then study the spectrum. 

 So here’s a very simple picture of a spectrograph and this spectrograph has only a 

few components.  Up at the front end of the spectrograph is what’s called a slit.  This 

blocks the light from most of what’s coming in the telescope and focuses it down to just 

the star or the galaxy, or whatever it is you’re particularly interested in.  So the slit blocks 

most of the light except for the light you specifically want to get a spectrum of.  

 The light then goes into what’s called a collimator which is just the lens or it could 

be a mirror, but on this drawing it’s a lens.  And that lens focuses — or unfocuses, I should 

say, the light so that it’s a parallel beam of light.  That parallel beam of light then hits 

something that spreads the light into a spectrum and that something is called a disburser.  

That disburser can be what we call a grading or it can be a prism.  But whatever it is, it 

spread the light into a spectrum and then from that point you use a camera.  So you can 

use a camera that has photographic materials or you can use a digital camera.  So you 

have two parts to this instrument, the part that actually spreads the light into the spectrum 

and then the camera to photograph that spectrum. 

 A third type of instrument that is used quite often is called a photometer.  Now, if 
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you look at the word, you can tell what it is.  It’s a photo meter.  It measures the brightness 

of light coming in through the telescope.  Usually photometers do not produce any images.  

They do not spread the light into any kind of a spectrum.  All you’re doing is measuring the 

brightness of whatever light comes into the telescope.  So you can point it at an individual 

star.  The starlight falls on the photometer and the light is measured.  This is similar to the 

meter that you might have in a camera.  You have a meter in a camera that tells you what 

the brightness of the scene is.  You can then adjust your camera to fit.  Well, this is the 

meter itself, the photo meter or photometer, that’s sometimes attached to the back of a 

telescope. 

 In recent times during the last 15 years, a lot of these instruments have been 

replaced with what we call CCD detectors.  A CCD detector is a digital imager.  So if you 

want to think about it, a simple CCD detector, a digital camera will usually have one of 

these detectors in it.  We can put that on the back of a telescope and we can get digital 

images.  The interesting thing about digital images is that not only do you get a picture, 

but you get information about the brightness of the image built right into the image.  And 

so it can be used also as a photometer.  So I can replace a camera and a photometer with 

a digital imager because I can do both jobs with the same instrument. 

 If you look at a typical digital camera or video camera, you will see usually on the 

side of it written CCD.  That means Charge Coupled Device.  I won’t go into the details of 

how these devices are designed, but it is the digital imager itself.  It’s what produces the 

digital image and allows you to have both brightness and picture information.  And those 

digital imagers are usually working on the principles of having many small light detectors.  
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So you might think of it as a bunch of photometers, light measuring instruments, each one 

very small, and what we usually refer to those little small elements as pixels.  So there are 

many pixels that are measuring the brightness of the light that hits them. 

 Well, if you’ve got an image sitting there in the telescope, each one of these pixels 

measures a part of the brightness of that image.  You can then reconstruct the image by 

putting those pixels in order in an array and seeing a digital picture.  So what you have 

here is a very simple digital picture showing a smiling face.  But really it’s not a face; it’s 

just an array of small boxes that are in something that you recognize.  Well, you can take 

any sort of an image and shine the light onto this array of digital imagers and get a picture 

from it. 

 I can also measure in any one of these boxes what the brightness of the light is 

because each one of those boxes is really like a small photometer.  It’s measuring the 

brightness in that small area.  So it’s a combination of a photometer and a camera.  And 

we use these in astronomy today mainly because they’re much more efficient than film or 

photographic plates.  A photographic plate or a film uses maybe 1 to 2 percent of the light 

that comes in.  Most of the light is wasted.  That’s why you have to take a fairly long 

exposure when it’s dark because a lot of the light just doesn’t get used. 

 A CCD imager can actually use up to 90 percent of the light so it’s 90 percent 

efficient compared to film or photographic plates that might be 2 percent efficient.  So it’s 

quite a gain.  You’re gaining almost 50 times in the amount of light you’re using.  And 

when you’re talking to an astronomer who has to spend all night looking at objects in a 

telescope, telling him that you can cut his exposures by a factor of 50 will make him very 
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happy. 

 So astronomers were very quick to begin using these digital imagers as soon as 

they realized how efficient they were.  So today you can hardly find photographic plates or 

film at most observatories because the digital imagers are so much more efficient.  

However, they are also much more expensive.  You might buy a digital camera for $500 

or $1000, or you might buy a video camera for $500 or $1000.  But a CCD imager that 

would be used on a major telescope would probably cost you closer to $100,000.  The 

reason is they are much more sensitive than your standard digital camera.  They are also 

much more delicate and much more detailed, and so they cost a lot more. 

 But you only need one for a telescope.  So if you have a hundred million dollar 

telescope, it’s well worth it to put a good $100,000 instrument on it rather than putting a 

$500 digital camera.  And so astronomers usually will spend the money for that large 

digital imager because it does the job they need.  And many of the pictures that you will 

see in your textbook of objects in space that you think might’ve been taken with a regular 

camera were actually taken with a digital camera and then the coloration of the image was 

done afterwards.  Because you can take a digital image in red light or yellow light or blue 

light, and then you can reconstruct the original picture into regular color images. 

 You will also notice in some cases in the text that there are infrared images taken 

with infrared detectors or ultraviolet images taken with ultraviolet digital detectors.  They 

can then be made any color you want because they’re not really visible images.  And so 

you will see that astronomers get a little carried away and have some very strange colors 

attached to these pictures.  That’s because they’re making it up as they go along.  It’s 
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really not a color picture.  So be aware that most of the color you see in a lot of the images 

in this text are not the color you would see looking through a telescope. 

 That finishes our discussion of instruments.  The only thing I want to add is that all 

those telescopes we put up in space usually have a variety of instruments on them also.  

So, for example, the Hubble telescope has a CCD camera.  In fact, it has a couple of them.  

It has a spectrograph and it even had for awhile a regular photometer.  That was removed 

because it wasn’t used as much as the other instruments, but it did have its particular use.  

And so for the few years that it was actually in use, it made some good observations.  But 

today it’s mostly digital imagers and spectrographs that are available on that telescope. 

 We’re now gonna change our focus and begin talking about objects in the universe.  

We will be using or at least talking about telescopes that study those objects, but we’re 

now going to be starting to talk about stars.  And, of course, the first star we want to talk 

about is the Sun.  The Sun is our star; it is the star closest to us; it’s the only star most of 

you see on a regular basis.  You may go outside at night and take a look at the sky and 

say, “Ah, there are some other stars.”  But the Sun is usually around more than any 

others. 

 And so for the next few days we’ll be discussing our star, the Sun.  We’ll be 

discussing it sort of in reverse order to the way you would expect.  We’re going to start 

discussing it from the inside out.  And so the first thing we’re gonna talk about is the 

interior of the Sun, the center of the Sun.  Something none of us have ever seen.  

Astronomers have never seen it either.  But we can know something about the interior of 

the Sun because we can build models of what the Sun is like.  
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 Once you have a basic physics understanding, once you understand gravitation as 

Newton explained it, once you understand some chemistry — and we have the periodic 

chart on the wall, once you understand a lot of the basic laws of electromagnetic theory, 

you can build a model of a star all the way down to the center even though we’ve never 

been down there.  In some ways it’s like building a model of the Earth.  We’ve never been 

to the center of the Earth and yet we know that the center of the Earth has iron, we know 

the approximate size of the iron core, we know that it’s solid in one place, liquid i n another.  

Well, we know that because we built a model of what it has to be like to follow the basic 

laws of physics. 

 Well, you do the same thing with the Sun.  We can look at the temperature of the 

Sun at the surface.  We can look at the size of the Sun.  We know what the total gravity of 

the Sun is because we know how it holds the planets in orbit.  And so when we know 

those basic things — what the mass of the Sun is, what its temperature is at the 

surface — we can then begin to construct what the Sun has to look like all the way down 

at the center.  And we do that mathematically. 

 Just to show you that it is done on a regular basis, these are some of the equations.  

You don’t have to know them.  I just want to show you that there are equations that are 

used to calculate a basic model for the interior of the Sun.  The equations are down at the 

bottom.  They show somebody sitting at a large computer, doing the calculations, but 

those calculations produce numbers: the density inside the Sun, the temperature inside 

the Sun, the pressure inside the Sun, what composition we expect inside the Sun that is 

consistent with the model.  And so we get those numbers out and then we can build, over 
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on the upper right, a model — a drawing, if you will — of what the Sun looks like inside. 

 And when we make those models, one of the basic things we realize is that the 

Sun is powered by nuclear fusion.  This is the same energy source that is used in a 

hydrogen bomb.  There’s an awful lot of energy.  It’s only been discovered in the 20th 

century.  We did not know how the Sun was powered back in the 19th century or the 18th 

century.  In fact, that was a big problem because how you get power from the Sun 

determines how long it can survive.  If you take a naive view and just believe that the Sun 

is burning because it’s a hot cinder — maybe it’s made of carbon and it’s all burning up 

there — well, you could calculate how long that piece of coal could burn before it burns 

out and what you would get is thousands of years. 

 If you take a different view of what’s powering the Sun — and that was done by 

Lord Kelvin who’s mentioned in your chapter about 100 years ago.  Lord Kelvin assumed 

that the power of the Sun was coming from the fact that it was shrinking.  Now, why would 

it shrink?  Well, it’s made out of gas and it’s got a lot of gravity.  And we already talked 

about the fact that the Sun formed from a cloud that collapsed down because of gravity a 

long time ago, and so at some point it turned into the Sun. 

 But we haven’t really said anything about whether that collapse ever stopped.  

Maybe the Sun is still shrinking — slowly, but still shrinking.  You can get energy from 

shrinking a cloud.  In fact, the Sun did heat up from the collapse of the original cloud.  The 

original cloud, when it collapsed, started out as about 10 degrees above absolute zero.  

But as time went on and the material got denser and denser, it began to get warmer.  Now, 

why would it get warmer?  Well, if material is falling in and it runs into other material, those 
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are violent collisions.  And during those violent collisions there’s a lot of friction, there’s a 

lot of transfer of energy, and that transfer of energy heats everything up.  Because 

temperature is a measure of how fast particles are moving.  And if particles are falling in 

and collide with each other, they begin to move rather quickly. 

 So as the original cloud that became the Sun fell in, it would’ve heated up.  And it 

would’ve gotten hotter and hotter and hotter so that the whole cloud would’ve started 

glowing.  So that was understood a couple of hundred years ago, and so astronomers 

thought, “Well, maybe that’s why the Sun is still hot.  It collapsed down, it heated up, and 

it’s still glowing.”  But if it just stops collapsing at that point, then it’s gonna begin to cool off 

because it’s using up all of its heat and after awhile it’s gonna stop shining. 

 And so the idea was that maybe it’s still shrinking slowly so it’s still producing more 

energy because of that shrinkage.  Material is still running into itself as it gets shrunk so 

more and more energy is being given off.  When the calculations were made as to how 

long the Sun could keep doing that -- if it kept shrinking and shrinking and giving off 

energy, how long could it last — the numbers came out quite large, many millions of years.  

But they still weren’t large enough for geologists.  Because geologists and biologists 

realized that evolution on the Earth, if it actually happened, would’ve taken billions of 

years and not just millions. 

 And so at the end of the 19th century there was a lot of controversy.  Could the Sun 

be old enough to be consistent with the fact that geologists thought it took billions of years 

for all the layering on the Earth to form and biologists thought it took billions of years for 

evolution to have taken place with biological organisms?  And so if you don’t have a 
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consistent set of scientific theories, something’s wrong.  If the Sun is only 5 million years 

old, then the Earth can’t be any older. 

 And so there was a problem because nobody could figure out how the Sun could 

keep shining for longer than 50 million or 100 million years.  And so that started the 20th 

century when suddenly there was a breakthrough.  The breakthrough started with 

Einstein.  He realized and discussed in his theories that you could change matter into 

energy.  A conversion from mass to energy was possible.  Now, when he first came up 

with this idea, people weren’t doing it on a regular basis but it made it theoretically 

possible. 

 So during the next 30 years after Einstein came up with the idea, physicists began 

to look at the nucleus of the atom, realized how atoms were actually structured, and 

began to realize that there was a possibility of changing the structure of a nucleus of an 

atom and getting energy from that change.  And there were two possible ways that you 

could have changes in the nucleus of an atom.  You could break it apart or you could 

mash it together.  In other words, you could take one nucleus and split it up into pieces — 

that would get you energy — or you could take several nuclei and push them together into 

making a bigger nucleus and that might get you energy also. 

 The process of breaking particles up into smaller particles is called fission.  The 

process of jamming particles together to produce bigger nuclei is called fusion.  These 

two words are similar, fission and fusion, but really they’re opposites.  Fission is when a 

nucleus breaks apart, fusion is when you take more than one nucleus and jam ‘em 

together.  Both were considered possible energy sources for the Sun.  Because at the 
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time they were first theorized, nobody was quite sure how much energy you could get or 

whether you could get it. 

 But what was realized was that fission, the breaking up of nuclei, was only possible 

for very heavy nuclei, nuclei like uranium or thorium or plutonium.  Extremely heavy nuclei 

that could break apart.  Fusion was only possible if you had very light nuclei, very small 

nuclei with only a few particles like hydrogen or helium or lithium or boron.  Those lighter 

nuclei that only had a few particles could be jammed together to produce energy. 

 So the question came down to what’s the Sun made of?  Is it made of mostly heavy 

materials like uranium or thorium or plutonium or is it made mostly of lighter materials?  

Well, we know that answer now.  We know that the Sun is about 70 percent hydrogen and 

it’s about 27 percent helium, and right there you have 97 percent of the total mass.  And 

so it’s only 3 percent everything else.  And so fusion, the combining of lighter nuclei, 

seemed the logical way to go.  There wasn’t enough uranium or plutonium or any heavier 

elements in the Sun, not enough to produce the energy to keep the Sun going for a long 

time. 

 So by the 1930s it became obvious that what was powering the Sun was fusion 

reactions down in the center of the Sun.  Now, let me describe some of those reactions.  

The basic reaction is referred to as the proton-proton chain and this is because the first 

reaction is from hydrogen.  And if you think about a hydrogen nucleus, it has mainly one 

proton.  And so if you take two hydrogen nuclei and jam them together, you are taking a 

proton and a proton and doing something with it. 

 So the chain starts off with two hydrogen nuclei colliding.  And in the drawing on 
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the left you see two hydrogen nuclei — up top — colliding together and doing something.  

Now, let me first explain this does not happen easily.  You’re not going to get any fusion 

reactions in this classroom, for example.  Hydrogen nuclei will never collide at the 

temperature of this room to do anything.  You need temperatures of millions of degrees 

for this to even happen.  And the reason is that protons normally repel each other.  They 

both have positive charges.  So if you take two protons and you try to run ‘em together, 

they will avoid each other by their positive charges.  They will repel each other and so 

they’ll miss.  You can shoot two protons at each other and they will never run into each 

other because of their positive charges. 

 So literally you have to get those particles moving at extremely high speeds, so 

high a speed that they can’t get out of each other’s way.  And those speeds require 

temperature of 5 million degrees or higher, normally.  And so we’re talking about things 

that only happen at extremely high temperatures down in the center of the Sun.  This is 

not something that’s happening on the surface, it’s not something that’s happening on the 

Earth.  It’s happening only at the center of the Sun where the temperature is over 5 million 

degrees. 

 Now, how did the temperature at the center of the Sun get that high?  All that 

material collapsing down and forming the Sun produced an awful lot of heat.  Most of the 

heat was trapped down near the center so that the surface of the Sun may only be 6,000 

degrees but down at the center it’s in the millions.  It’s the same difference between the 

surface of the Earth and the center of the Earth.  Down at the center of the Earth it’s 6,000 

degrees.  On the surface it’s much colder.  And so with the Sun the temperature in the 
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middle is in the millions of degrees and at the surface it’s 6,000 degrees. 

 So these fusion reactions occur only under extreme conditions.  But when they 

occur, they produce a tremendous amount of energy and the energy is produced in the 

following way.  As you see on the drawing, two hydrogen nuclei collide.  During the 

collision, if you can imagine during the split second the two protons are in contact, they’ve 

been forced together, one of the protons will change into something else.  Now, you say, 

“Oh, this sounds like magic.”  Well, in some ways it does sound like magic.  A proton, 

when in contact with another proton, can actually turn into a neutron. 

 And so one of the protons during the collision changes into a neutron.  But it can’t 

just change into a neutron.  It’s got a positive charge.  And a neutron has a neutral charge.  

It has no charge.  And so the only way that this proton can turn into a neutron is by giving 

off its positive charge.  It has to somehow get rid of it.  And so it gets rid of it by giving off 

a small particle — in other words, a piece of the proton kind of breaks off — that has the 

positive charge in it and that piece takes off. 

 So you see on this drawing a blue particle coming out from the collision and it’s 

labeled as a positive electron.  Because this particle that is given off has the same mass 

as an electron, has all the same properties as an electron.  The only difference is it has 

the wrong charge.  Most electrons have negative charges.  And this thing that’s given off 

during the collision is an electron with a positive charge.  And so it’s kind of a weird 

collision here.  Two protons collide, one of ‘em turns into a neutron, and that allows the 

two to stay stuck together because now they don’t repel each other.  The neutral particle 

doesn’t care if it’s attached to a proton.  And so they stay together as a neutron and proton, 
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and the positive charge is given off as a positive electron. 

 Now, so far we don’t see any energy here.  This is just a collision and particle 

change.  The energy actually comes from the positive electron.   Because this is not the 

end of the story.  The positive electron takes off into the material of the Sun.  But the 

material of the Sun has an awful lot of negative electrons lying around in it.  There’s 

essentially one negative electron for every proton.  And so as soon as that positive 

electron takes off from the collision, it immediately is attracted to the first negative electron 

that goes by.  Why?  Because it has the opposite charge.  Opposite charges attract.  Like 

charges repel. 

 So the particle is repelled from the collision but is then immediately attracted to a 

nearby electron.  Electrons, when they’re attracted to each other, will immediately collide.  

So this positive electron collides with a negative electron, and what happens when that 

occurs?  They literally annihilate each other.  If you have two identical particles that have 

opposite charges, they cancel each other’s charges and literally you get that conversion 

that Einstein talked about theoretically of matter into energy.  The two electrons — one a 

positive electron, the other a negative electron — collide and turn into a photon.  They 

cancel each other’s charges and they turn into a bit of energy, a photon, a particle of 

energy.   

 And so you have two electrons that are now no longer in existence.  The positive 

electron and the negative electron that it ran into both disappear and turn into a gamma 

ray, a high energy photon.  That’s where the energy comes from.  It comes from that 

positive electron.  And so the collision of two protons produces a proton-neutron pair, 
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knocks off a little particle, the positive electron, which then combines with a negative 

electron, turns into a gamma ray, and a gamma ray is a high energy photon, and that’s 

what makes the Sun hot or keeps it hot inside. 

 This is going on all the time at the center of the Sun.  There are lots of collisions 

because these nuclei are running around at extremely high temperature.  Every time 

there’s a collision, you have a positive electron given off that combines with a negative 

electron and that produces gamma rays.  So the net result is that gamma rays are being 

produced at the center of the Sun continuously and that keeps the Sun hot.  So as the 

Sun’s energy is escaping into space from its surface, it’s been replenished from down 

below where all these gamma rays are being produced. 

 So essentially sunlight starts out as nuclear fusion energy and then it is slowly 

working its way from the center of the Sun until it reaches the surface, and then the 

photons leave the surface as sunlight. 

 Okay.  We’ll continue this more next time. 


