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IRA FLATOW:  This is Science Friday. I'm Ira Flatow. On Monday, the moon is having, as they say in 
Hollywood, it's close up. So close that the moon will be 14% brighter than usual. And not only will the 
moon appear bigger and brighter, the steadfast satellite will be the closest it's ever been to Earth in 
nearly 80 years. 
 
It's widely believed that the moon was created when a Mars-sized body smashed into the earth 
billions of years ago and ripped away enough material to form it. But something about how the earth 
and the moon are locked in their orbital dance suggest that there's something missing from this 
theory. And now a team of researchers thinks it has an answer published now in the journal Nature. 
Sarah Stewart is one of the researchers who's also a professor of planetary sciences at the UC 
Davis. Welcome to Science Friday, Dr. Stewart. 
 
SARAH STEWART:  Thank you. 
 
FLATOW:  The Giant Impact Theory, the idea that the moon came from something colliding with the 
earth-- it's been around for a while. What doesn't that explain? 
 
STEWART:  The Giant Impact Theory tries to explain the large size of our moon compared to the 
earth and the chemical similarity between the earth and the moon. And the key feature of the 
original theory was that it also set the current length of day on the earth. But as scientists looked 
into the theory, the details of the chemistry of the moon and the orbit of the moon didn't match the 
original model of a Mars-sized object hitting the earth. 
 
FLATOW: So instead, how has your idea updated what we should be thinking? 
 
STEWART:  So we turned the Giant Impact Theory on its head a little bit and changed all of the 
details about the impact. Instead of having a Mars-sized body, we ask for the impact to deliver a lot 
of energy, enough energy to mostly vaporize the earth. In addition, we want the impact to give the 
earth more spin so that it would spin about twice as quickly just after the moon formed compared to 
the original theory. And then the new kicker in this paper is that we start with the earth tilted way 
over so that its tilt from the orbit of all the planets is somewhere between 60 and 80 degrees 
instead of the 23 degrees that we see today. 
 
FLATOW:  So the impact smacked the earth and put it back up to where it is today from basically 
being sideways to a little more horizontal? 
 
STEWART:  We're proposing that the impact put the earth sideways and the paper explains how to 
get it back to where it is today. 
 
FLATOW:  How do you model this to come out the way it is in your paper? 
 
STEWART: So Matija Cuk, the lead author, wrote a computer code to model the details of the orbit 
of the moon with time. And when you start with the earth tilted over and the moon forming in the 
earth's equator, normal tides like what we have today move the moon further and further away from 
the earth. And at about 20 times Earth's radius from the earth, the moon starts to feel the sun's 
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gravity pull more than the earth's gravity pull. And in that transition, there's a resonance between the 
earth, moon, and the sun that tilts the earth back up but leaves the moon's orbit tilted more than 30 
degrees from the ecliptic plane. 
But that's not where we see the moon today. 
 
FLATOW:  Ah-ha. 
 
STEWART:  So the moon today is tilted only five degrees from the plane. But in the standard model, 
the moon should have no tilt compared to the orbit of all the planets. And the tilt of five degrees was 
a big puzzle in the original theory. So in our new model after the first big transition where the moon 
is left at a 30-degree tilt or more, there's a second transition at about 30 earth radii, about half the 
distance that the moon is from the earth today. And in that transition, the orientation of the moon 
changes and the tilt of the orbit is lower to be consistent with where we are today. 
 
FLATOW:  So do you have to look for new evidence to back up the theory, or are you saying the 
evidence we have is more in line with what we think now? 
 
STEWART:  So we would say that this model is the first model that explains these key features about 
our system. And there are other competing models out there but none of the pieces all hang 
together to be consistent with all of the data that we have. That's not a proof that our model is 
correct. It means that we think we're going in the right direction and we are looking for tests in the 
model. And one of the tests is to look at the thermal history of the earth and the moon because 
these events that changed the whole orientation of the system deposit heat in the earth and the 
moon. And that's something we can look for in the rock record. 
 
FLATOW:  How come we only have one moon? 
 
STEWART:  Ahh. Remember when I said the moon was unusually large compared to other moons 
around other planets. Our moon tends to be a bit of a bully. There could have been other moons 
early in Earth's history, but the dynamical interactions between our moon and the earth would have 
led to their demise. 
 
FLATOW:  Yeah. That's great. I always love talking about the moon. And thank you for your research 
and good luck. 
STEWART:  Thank you. 
FLATOW: Sarah Stewart, professor of planetary sciences at the University of California at Davis. 
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