Question 1:
Dear Cheap Astronomy — What are some answers to the Fermi Paradox

Fermi made the point that with all the billions of stars out there, surely it can’t be just Earth that’s
capable of producing an ecosystem that can produce an intelligent technology-wielding species.
But having scanned the skies for many years now we haven’t seen or heard a pip from anyone.

It's not technically a paradox, but it does deserve an explanation.

And there are some theories around. For example, the dark forest hypothesis proposes that
alien civilisations are too paranoid to alert anyone else to their presence, apart from us with our
propensity to to broadcast music to random locations in the cosmos. There’s also the Beserker
hypothesis which proposes that one civilization long ago released self-replicating Von Neumann
probes which have since traversed the galaxy to wipe out any civilizations that they detect —
meaning that we are probably next on their list. These two hypotheses could run in parallel also
— with any broadcasting civilisations being wiped out, while the others keep quiet to avoid it
happening to them.

Cheap Astronomy’s suggestion is that we might the first, or one of the first. The Universe is
around 13.8 billion years old and our stellar system began to condense out of a dust cloud when
the Universe was maybe 8 and a half billion years old. Life on Earth began when the Universe
was about 10 billion years old and from there it took almost 4 billion years until we could
broadcast a Beatles song at Polaris. But it really could be the case that the Universe needed 9
or 10 billion years to seed dust clouds with the full contents of the periodic table — remembering
that when the Universe began there was only hydrogen and helium and traces of lithium and
beryllium.

So maybe our progenitor dust cloud was one of a first generation of dust clouds with enough of
the right ingredients and maybe our planet that formed out of it was one of the first able to
support a stable environment that allowed all those ingredients to slowly mix together into
something. In a bigger expanded Universe it does become possible to sit quietly in the outer
region of a vast galaxy where you can incubate an ecosystem for 4 billion years without it being
wiped out by a gamma ray burst from a nearby supernova.

Indeed, the apparent rarity of intelligent life is probably due to the need to have a few billion
years of relative stability for it to evolve. While our scanning of other stellar systems suggests
there’s nothing particularly unusual about our Solar System at a chemical or physical level, it
may be unusual that Earth has only had five major extinction events in its entire history. Our
Solar System has not just one but two large planets in the form of Jupiter and Saturn, which
may have helped stop a lot of hazardous asteroids from reaching the inner solar system. Also,
Earth has its fabulous magnetosphere that’s allowed it to hold onto a volatile atmosphere and
also a huge volume of liquid water, which is both a cradle for life and also a lubricant for tectonic
plate shifting — avoiding the planetary level volcanic resurfacing we see on Venus.

Even if we aren’t the first, but just one of the first intelligent civilizations, we need to remember
that everywhere we look we are looking into the past, So scanning across our galaxy means



were scanning for any signals released up to 100,000 years ago — while any signals from the
Andromeda galaxy are more than 2 million years old and so on. On this basis, it's unlikely we
are going to be successful in finding Dyson swarms constructed around other stars — since we if
haven’t managed to develop that kind of engineering sophistication yet, it's unlikely anyone in
the past has either.

As always, we can only speculate from one known example of an intelligence-producing
ecosystem. The Dark Forest hypothesis assumes an unlikely degree of common thinking and
decision making across civilizations separated by tens or hundreds of light years, while the
Beserker hypothesis assumes no technology-wielding civilization is able to defend itself from a
bunch of self-replicating robots. Neither seems a compelling explanation. Our Beatles Across
the Universe broadcast identifies us as an intelligent species that does dumb things, noting that
Polaris is a supergiant star that doesn’t have any planets, but at least we can feel smug that we
are one of the first civilizations to do something dumb on a cosmic scale.

Question 2:
Dear Cheap Astronomy — Is there a Goldilocks level of radioactive elements in planets?

Well maybe. There’s a number of angles to consider in what matters for a planet to bear life. So,
starting with the assumption that liquid water is essential, you then need the right temperature
zone. However, the star that creates that temperature zone will also be pumping out stellar wind
— which we know in Venus and Mars case, will tend to blow away anything lighter than CO2
from its inner rocky planets, which includes not only nitrogen and oxygen, but also water vapour.
Earth’s great trick in avoiding that outcome is a magnetosphere that diverts the solar wind away,
leaving a vaporous mix of nitrogen, oxygen and water vapour floating above its surface, thereby
creating the possibility of biochemistry.

And how do you get a magnetosphere? A liquid metallic outer core and planetary spin —
remembering Venus has the former but not the latter, while Mars has the latter but not the
former. And how do you get a liquid core? Firstly, you have to have a biggish planet, whose
centre was heated during its formation by the inward crush of its mass under gravity — but as
Lord Kelvin indirectly figured out if that was all there was to it, Earth’s core would have cooled
long ago. What sustains Earth’s core heat are very-slowly decaying radioactive elements,
mostly in the mantle and probably in higher proportions that we find in the Earth’s minable crust.
This continuing source of heat above the core minimises heat loss from the core out to the
surface. Consequently, we have an atmosphere sustaining magnetic shield that’s in place for
billions of years now. Long enough for life and eventually digital watch wearing life to emerge.

But too much radioactive heating might have meant too much mixing for the metallic core and
the rocky mantle to differentiate, while too little radioactive heating might have seen the liquid
outer core solidify long ago. So, it seems there is a Goldilocks proportion of radioactive isotopes
that’s just right for a magnetosphere and hence for an atmosphere and hence for liquid water
and digital watches.



The radioactive isotopes that matter to Earth are uranium 238 and 235, thorium 232 and
potassium 40, which have half-lives measured in billions of years, so are still there pumping out
heat after being caught up in Earth’s formation billions of years ago. To be strictly accurate
uranium 235’s half-life is only 0.7 billion years and potassium 40’s is just 1.25 billion, so they
made most of their contribution to the hotter early Earth, while uranium 238 (4 billion) and
thorium 232 (14 billion) dominate Earth’s internal heating today.

The prevalence of exoplanets with magnetic fields is unclear, but there definitely are some, for
example XY Ceti b, an almost Earth-sized planet orbiting a red dwarf star which is only 12 light
years away, making it possible to detect fluctuations in the star’s radio emissions that are
consistent with the orbiting planet deflecting its star’s stellar wind. It's an unusual situation
insofar as XY Ceti orbits its star once every 2 days, meaning it must be very close in and hence
should be tidally locked, but it must be spinning to have a magnetic field, so maybe the whole
thing is just a temporary situation.

As to the prevalence of exoplanets with a Goldilocks concentration of radioactive elements, no-
one has any idea really. To have significant amounts of uranium and thorium in a dust cloud that
subsequently collapses down into a new stellar system requires the Universe to be of a
reasonably advanced age — since current thinking is that uranium and thorium mostly arise from
the collision of neutron stars, which that common an event. We know that one such cloud
collapsed down about 5 billion years ago producing a rocky planet with a strong magnetic field
that we live on. Any other clouds collapsing around the same time could have done the same —
and maybe other clouds a few billion years each side of that could have too. So, there’s plenty
of scope for more Earth-like planets out there and maybe room for another footnote to the Drake
Equation.



