
Question 1: 

Dear Cheap Astronomy – How big is the Solar System? 

There’s no real answer to this one, apart from saying the solar system is as big as you decide it 

is. A simplistic definition is that the system involves the Sun and its eight planets, but then you 

got a million or so asteroids between Mars and Jupiter and if you are going to count small stuff 

like that, then there’s likely to be an even larger number of dispersed objects out past Neptune’s 

orbit, some of which we can observe in telescopes and some we have even flown spacecraft 

past – in a region called the Kuiper belt.  

And there’s more. Even if we can’t yet see them, we’re pretty sure there are more distant 

objects in what we call the scattered disk, which is the source of short period comets like 

Halleys – where anything with less than a 200 year orbit – we call short period. Following that 

same logic we think there’s also the Oort cloud, which is the source of long-period comets such 

as comet West, which has a period of well over 200,000 years and has hence only be seen 

once in recorded history. It’s thought the Oort cloud might extend out a light year or more from 

the Sun, being potentially composed of trillions of ice chunks that are just barely held within the 

Sun’s gravitational grip – with most just staying in their very distant orbits and never coming 

closer to the Sun. 

So that is one answer to how big the Solar System is, the extent of the Sun’s gravitational hold 

on things. So if there really is an Oort cloud of loosely bound ice chunks, then the Solar System 

has a radius of about 1 light year. But that’s not a very satisfactory answer, the effect of gravity 

is essentially infinite, so the only thing stopping everything being held within the Sun’s 

gravitational grip is other similarly massive objects exerting their own grip on surrounding 

objects – implying there isn’t really any such thing as interstellar space, it’s just stellar systems 

all the way – that is, as soon as you leave one you enter another one.  

 A better alternative might be the heliopause, the point at which particles pumped out by the 

Sun, the solar wind, gets pushed back by the interstellar wind, which are particles pumped out 

by other stars and supernovae for example. In other words, once you are past the heliopause 

you really are in interstellar space. The heliopause is around 18 billion kilometers out from the 

Sun, a long way short of a light year which is around 10 trillion kilometres, but a lot further out 

than Neptune’s orbit, which is about 4.5 billion kilometers out from the Sun. 

However, if you are thinking the heliopause is a big sphere with an 18 billion kilometer radius… 

nup. The Sun is orbiting the centre of the Milky Way and completes that orbit every 225 million 

years or so and it does so by pushing its way through the interstellar wind – so the heliopause is 

more of a tear drop shape – rounded at the front where it is pushing its way through and then 

shaped into a tail behind. So where the front bit extends out to about 18 billion kilometres, the 

tail might trail behind for anything up to a trillion kilometres, although that’s still short of the 

hypothetical expanse of the Oort cloud, at 10 trillion, where ice blocks aren’t greatly affected by 

the stellar wind, so they do maintain more of a spherical shape – being passively dragged 

around the galaxy in the Sun’s gravitational grip, although their shape and number might be 



occasionally disrupted by the passage of other stars, exerting their own distant gravitational 

tugs. 

So, the size of the Solar System really depends on your choice of definition. But, we do use that 

strange word system – shouldn’t that mean something? Mechanical orrerys, with the Sun at the 

centre and orbiting planets on sticks moving like clockwork around it, sure looks like a system. 

And if you ask most schoolchildren to describe the Solar System, they’ll tell you it’s the Sun and 

eight planets. So maybe we’re just over thinking this one. 

 

Question 2: 

Dear Cheap Astronomy – Just how dangerous are cosmic rays? 

Cosmic rays aren’t light rays, they are particles, mostly commonly protons, in other words 

hydrogen ions, which are moving at high velocities. They are often called high-energy particles 

since their speed gives them a lot of kinetic energy, which is expended when they hit something, 

for example a particle high in our atmosphere, for example a nitrogen atom. 

That impact creates a flash of light and often what called an air shower, being a lots of minor 

particles which are essentially the sub-atomic shrapnel of the original collision. Those particles 

are also fast moving and hence have high kinetic energy of their own and can hence generate 

yet more collisions and more shrapnel. So just one cosmic ray particle collision can generate an 

air shower up to a kilometre or more in diameter, involving lots of sub-atomic shrapnel like pi 

and k mesons and also muons.  

So primary cosmic rays almost never reach the Earth’s surface but some of their secondary 

particles, the shrapnel, often do. It’s estimated that several muons arising from cosmic ray 

collisions pass through your body each second. After passing through at least 20 kilometres of 

atmosphere and several collisions on their way down their kinetic energy is weaker than it was 

higher up. Nonetheless, these muons of cosmic ray origin are thought to be a significant cause 

of DNA damage , most but not all of which is repaired in our cells. Nonetheless, cosmic rays 

probably do shorten our lives as well as driving mutation and evolution in all of Earth life. 

If you’re thinking it’s just as well we have 20 kilometres of atmosphere between us and them 

you’d be right. Passengers of commercial aircraft flying at 10 kilometres altitude are exposed to 

more particle radiation than people on the ground, maybe 5 to 10 times more over the same 

time periods, but that’s still not much cumulative exposure since you are generally only at those 

altitudes for a matter of hours. There’s no evidence of greater cancer prevalence in air crew or 

other frequent flyers.  

But once you’re an astronaut, things get more serious, since you are higher up and likely to stay 

higher up for much longer periods. On the International Space Station you will receive in 6 

months, the same radiation dose you might receive on the Earth’s surface over a 40 year period 

– or over 6 months. Someone on the Earth’s surface gets about 2 chest xrays worth of radiation 



just by being there and without any actual chest rays, on the ISS for that same period you might 

get between 120 and 240 chest x-rays worth of radiation.  

Things get worse once you go further out to the Moon or beyond, because you’re out of the 

Earth’s magnetosphere, which also provides a degree of protection. On the Moon you get 

probably three times the daily radiation dose that you’d get on the ISS. That might sound bad, 

but again it’s about cumulative dose. We know that a few days on the Moon won’t kill you and 

there’s no indication of heightened cancer incidence in any of the lunar astronauts with Buzz 

Aldrin, Dave Scott, Charlie Duke and Harrison Schmidt still hanging in there at the time of 

recording this. But for all of them it was a matter of days outside Earth’s magnetosphere, not 

months, nor the years that will be needed for a Mars mission.  

Of course, out in space you also get electromagnetic radiation that can kill you, like UV, xrays 

and gamma rays, but they can be reflected away by surfaces before they reach you body. 

Particle radiation is more dangerous because of the secondary shrapnel. So a cosmic ray might 

hit the hull, and create lots of secondary particle shrapnel and some of that might get through to 

the crew. To avoid that you need shielding sufficient to absorb all the secondary particles. There 

are some solutions on paper, but to get to them we’ll need a Part2. 

 

 

 


