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INTRODUCTION



Thank you for picking up The Physics of Star Wars! This book uses the fantastic world of Star Wars to explore physics in a new way. If you are already a Star Wars fan, you know that the stories take place in a galaxy far, far away, so the laws of physics should still apply. On the other hand, these are obviously works of fiction; is there any point in applying those laws? This book makes the case that it is both fun and worthwhile to do so. Sometimes the physics shown in the movies is spot on while on other occasions it would require advanced technology or new discoveries in the realm of physics to make sense. Either way, science is about the critical thinking process needed to tackle a problem rather than the specific situation in which the problem appears. There’s no reason we can’t consider Yoda force-lifting rocks instead of pulleys lifting blocks!


To that end, this book contains a series of categorized topics. Each topic is given a brief introduction and backstory followed by analysis of the physics in the Star Wars universe as well as where current technology or scientific understanding puts us relative to it. These topics draw only on what is seen in the movies; there would just be too much to talk about otherwise.


Still, the films don’t always provide all the answers needed to explain a physics topic. What exactly is a lightsaber? Is it a plasma or a beam of light? Depending on the source you consult outside of the movies, it could be either. In this book, what is depicted in the movies is taken as definitely true, but other canon sources are considered when needed. If there is not a clear conclusion that can be drawn from what is shown in the film, several possible theories are discussed.


Obviously, the movies do not provide technical specifications for all the ships and planets. When those numbers were needed, relative measurements from freeze-frames or timed length of scenes were used. For the sake of clarity, not all calculations are shown in full detail. If you want to reproduce them on your own, you can do that with the help of an introductory physics book. The beauty of science is that no matter who or where you are, you should be able to reproduce the results of another person’s work.


I hope this book makes both Star Wars and physics more exciting for you!
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ANATOMY OF THE GALAXY






WHEN All films





WHERE The galaxy





CHARACTERS All





PHYSICS CONCEPTS Gravity, dark matter, circular motion





SHORT INTRODUCTION/BACKGROUND


Our universe is big—really big. We live on planet Earth, inside of one solar system located on one arm of the Milky Way galaxy. The Milky Way is one of many galaxies in what is called a galactic supercluster, of which there are many (and that’s just in the observable universe!). Here are some numbers to give you a sense of how big all of this is. Our solar system is 0.00096 light-years across; the Milky Way is about 100,000 light-years across; its local supercluster is about 500,000,000 light-years across. There are estimated to be about ten million superclusters in the observable universe. How did these all form? How do galaxies get their shapes?


BACKSTORY


Star Wars is primarily set in a region of space referred to as “the galaxy.” Images of this region show it as a spiral galaxy (much like the Milky Way) divided into regions like the core, inner rim, outer rim, etc. The galactic core is home to the governing center of Coruscant, whereas the outer rim has planets such as Tatooine, run by gangsters and outlaws. Characters frequently refer to various “systems” or “star systems” (rather than solar systems) in the galaxy, then use a planet name when identifying a specific system (e.g., the Hoth system). This would be like calling our solar system the Earth system rather than the Sun system. This makes sense if most travel is to/from one planet within a system, but it might make the galaxy seem smaller than it really is. Does the number of planets/systems identified in Star Wars make sense for one galaxy? Is the layout of these systems realistic?



THE PHYSICS OF STAR WARS



In The Force Awakens, R2-D2 projects a map of the entire Star Wars galaxy, a spiral galaxy with two arms. In general spiral galaxies consist of a dense cluster of stars around a central point (most often a supermassive black hole), plus a number of less dense regions extending outward like arms. R2’s map is consistent with that description, but we don’t know for certain just how densely packed some of the systems are in the core versus the outer rim.


Since we don’t know the literal distances involved, let’s analyze this from the perspective of governments and power. The influence of the Galactic Empire is felt differently across the galaxy. Galaxies are often hundreds of thousands of light-years across, which means there are great distances separating the various star systems. This would explain how Yoda lived undiscovered on Dagobah or how the rebels hid on a moon of Yavin. This also explains how a faction of the Empire could secretly create a massive weapon capable of destroying planets.




DIFFERENT ORBITAL RATES


Star systems close to the core of the galaxy would orbit the supermassive black hole rather quickly. Since outer stars orbit at different rates than inner stars (much like planets in our solar system rotate at different speeds), a planet in a core star system could be on the same side or opposite side of the galaxy as a planet in an outer star system at various points. So, depending on what year it is, the distance between Naboo and Coruscant could vary by around 50 percent, given their relative distances from the galactic center. Further, core worlds would experience mild time dilation from being close to the supermassive black hole. In a 100-year life span, someone living on Coruscant could expect to age about a few hours less than an outer-rim counterpart.





The minimal information presented in the films about other galaxies is also consistent with what we’d expect. For example, in Attack of the Clones, Obi-Wan is given directions to a planet called Kamino (where the clone troopers are being bred) relative to the Rishi Maze, a neighboring dwarf galaxy. Dwarf galaxies are a real thing; they orbit larger galaxies, sort of like a moon. Unlike moons, dwarf galaxies are destroyed over millions of years by this relationship with a larger body. Why does this happen?


The Moon pulls on Earth as it orbits, causing ocean tides; a similar process happens with dwarf galaxies. Roughly speaking, gravity will have a stronger pull on the near side of a dwarf galaxy than on the far side. Therefore, some stars and planets will be pulled closer as they orbit the larger galaxy. Because the closer stars are still attracted to the rest of the dwarf galaxy (and the rest of the dwarf galaxy is still attracted to them), the galaxy will stretch out. Because galaxies aren’t super dense to begin with (unlike moons), this will end in their being pulled apart.


THE PHYSICS OF REAL LIFE


Like the galaxy seen in Star Wars, the Milky Way is a spiral galaxy. There aren’t too many other options—the universe appears to contain primarily elliptical and spiral galaxies. Other types have been observed and there is plenty to debate about how to classify them, but rather than get bogged down in taxonomy, let’s focus on the physics behind spiral galaxies.


One promising theory suggests that there are different densities of stars in spiral galaxies because of what is known as a density wave. This is akin to what happens in a traffic jam. The cars in front slow down, causing the cars behind them to slow down. The cars in front can then speed up again, but the shock created by that initial slowing can last long after the original slowing. With galaxies, it’s not that stars slow down; instead, they feel a gravitational attraction to the stars around them as well as to the supermassive black hole in the center. Think of it as a complex game of tug-of-war. The tug from the supermassive black hole keeps the stars traveling in a circular orbit, but neighboring stars tug back which can cause a star to speed up or slow down as it orbits the center of the galaxy.




UNIVERSAL GRAVITATION


In 1687 Newton published his Principia Mathematica, which contains his law of universal gravitation. This states that the force of gravity is given by F=Gm1mr2. At the time it had long been known that objects moving in a circular path were subject to the rules of acceleration, v2r. Using Newton’s second law (the rate of change in momentum of an object is directly proportional to the force applied to it), you can relate force and acceleration to find a prediction for the speed of an orbiting object. Its speed should be given by Gmr. This means that the speed should decrease as you move away from the center of a galaxy.





Scientific study of galaxies and their shapes has led to the proposal of the existence of dark matter. Although many observations come together to suggest its existence, the speed at which stars orbit their galactic center is an important indicator. According to Newton’s law of gravity and the laws of circular motion, the speed of stars should slow down as you go farther from the galactic center. Measurements have indicated that this is not the case; stars have a near constant speed after a certain radius.


Given that the speed of stars is nearly constant, either Newton’s laws (or the laws of circular motion) are wrong in this situation or we are missing an element of the equations. If Newton’s laws don’t apply, we may need to develop a theory of modified gravity. Alternatively, we may have misrepresented the mass in the galaxy. This is where the idea comes from that there is a large quantity of unseen matter (hence the name dark). Combining this result with a number of other observations that have been made, it seems that the only explanation for all the anomalies in measured gravity (as of now) is the existence of dark matter.




BIODIVERSITY IN THE GALAXY


“Why do I sense we’ve picked up another pathetic life-form?”


—Obi-Wan Kenobi (Episode I)





WHEN All films





WHERE The galaxy





CHARACTERS All





PHYSICS CONCEPTS The Drake equation





SHORT INTRODUCTION/BACKGROUND


There is a chance we will discover evidence that life once existed on other planets, but as far as we know Earth is the only planet in the universe where life currently exists. We know that there are billions of stars in the Milky Way plus billions of galaxies in the universe. Are we really alone in this universe? If we are not alone, why haven’t we heard from anybody else? Are other species purposely avoiding us? Have they attempted to contact us, and we just don’t know how to listen yet?


BACKSTORY


According to the beginning of every Star Wars movie, the saga takes place in a single galaxy. As the stories unfold, there is no shortage of biodiversity. Sure, the main characters are mostly human, but one glance inside the Mos Eisley cantina will show you numerous other species. Hundreds of different species appear in the Star Wars movies. Is it reasonable to assume that one galaxy would have hundreds of different alien life-forms? How many planets developed life themselves rather than simply sustaining alien colonization?


THE PHYSICS OF STAR WARS


In the Anatomy of the Galaxy section, we established that Star Wars takes place in a spiral galaxy consistent with scientific knowledge of such galaxies. In order to determine if the biodiversity seen in the movies is also consistent, we need more specifics about the galaxy than the films provide. We’ll have to combine typical real-life data with reasonable assumptions based on the movies.


A typical spiral galaxy is around a few hundred thousand light-years across and has several hundred billion stars. The Milky Way, for example, is at least 100,000 light-years across and has at least one hundred billion stars. A light-year is the distance that light can travel in a year, or about six trillion miles (these numbers are often too big for us to wrap our heads around, which is why scientists use units such as light-years).


If we are generous and assume that the Star Wars galaxy has about a trillion stars (which would make it larger than any observed spiral galaxy), would we expect it to have the level of biodiversity depicted? The short answer to this is yes, because a few hundred different species are shown, and the Earth has around eight million species. However, such numbers are misleading. At no time during the films do we follow an entomologist studying all the different species of bugs on Dagobah, for instance (but if such a movie is made, you’ll know where Disney got the idea). For a more accurate comparison, we might assume that the hundreds of species correspond to, say, two hundred different planets of origin, and then see if that is a high or a low prevalence of life.


Our current method for estimating life in the universe uses something called the Drake equation. Although the equation was never intended to be exact, it can give an estimated order of magnitude for the number of intelligent species in the universe (or in this case, in the Star Wars galaxy). The Drake equation is as follows: N = R* · fp · ne · fl · fi · fc · L, in which N is the number of species, R* is the rate of star formation, fp is the fraction of stars that have planets, ne is the average number of planets per star that can support life, fl is the fraction of Earth-like planets that have life, fi is the fraction of planets that have yielded intelligent life, fc is the fraction of intelligent life-forms that have developed communication, and L is the lifetime of these civilizations’ communications.




CONSTRUCTING THE DRAKE EQUATION


A few of the parameters for the Drake equation are known from scientific measurement or are not relevant for our particular estimate. For instance, it appears that nearly every star has planets, so most estimates put fp close to 1. Also, R* has been measured to be somewhere around 1–3 stars per year. The average number of planets that are habitable, ne, is currently estimated to be around 0.4. Notice how a lot of the equation’s parameters are communications related? The Drake equation is technically trying to estimate the number of alien civilizations that might attempt to communicate with us. If all we care about is the number of species (and not their communication skills), we don’t need to worry about the terms representing the fraction that will develop intelligent life, the fraction that will develop communications, and the length of those civilizations.


Even ignoring terms specific to communications, other parameters in this equation are hotly debated. There is evidence that shortly after conditions became favorable for life on Earth, life formed. Some scientists claim this means that the fraction of habitable planets that develop life should be close to 1. Others say that this is survivor bias; they think that the scientists claiming the number is close to 1 are using the argument that “this happened, therefore this is always what happens,” and that that is a fallacy. Furthermore, if it is so likely for life to spontaneously form on a habitable planet, shouldn’t it have happened more than once on Earth? All life that we know of today can be traced back to a common ancestor, indicating that life has only spontaneously formed once.





Since we have most of the parameters needed for the Drake equation, we can start plugging in numbers. Using the estimate of two hundred planets with life, the assumption that 100 percent of stars have planets, and 40 percent of them are habitable, and a trillion stars in the galaxy, only five out of every ten billion planets would need to form life for the biodiversity of the movies to be reasonable.


Let’s remind ourselves what all these numbers mean. We have manipulated the Drake equation for use in the Star Wars galaxy such that we are solving for fl (the fraction of habitable planets that have produced life) because we can estimate N (the number of planets with life) by watching the movies. In real life, scientists estimate fl so that they can solve for N. When scientists estimate fl, they use values anywhere from ~1/10 to ~1/1040. Thus, five in every 10 billion planets is plausible, but that isn’t saying much.


THE PHYSICS OF REAL LIFE


At this time we can say with certainty that there is at least one planet with moderately intelligent life. To know how much other life we might expect, we can use the Drake equation again, but keep in mind that this equation yields a huge range of values. We just don’t know how often habitable planets produce any kind of life (again, it may be 1/10 or 1/1040). The value we got from the Star Wars galaxy was actually on the lower end of that spectrum, so let’s use it. Current estimates for the number of stars in our universe are around 1019, so, plugging those into the Drake equation, we’d expect there to be 2 billion planets with life on them.


If there are 2 billion planets with life, it seems as if we should meet (or hear from) a new alien every week or so. Not so fast! When you compare that with trillions of planets in existence, the chances of even a second planet with life on it in our Milky Way are quite small. Even if there were a second planet in the galaxy with life on it, it would probably be tens of thousands of light-years away. When we consider interacting with life that far away, there are many complex factors; let’s break them down.


Consider a hypothetical timeline for communications between us and an alien civilization; we’ll call them Bothans. In an ideal scenario, the Bothans would be ready and waiting to receive signals from other life. Radio communications were invented on Earth in 1895. So, imagine in 1895 humans had sent a signal across the galaxy to the Bothan planet, and the Bothans sent one back. If the Bothans lived on a planet orbiting Alpha Centauri (the next closest star to Earth after the Sun), the response from the Bothans could have arrived on Earth around 1905 or so. Given the billions of stars in the Milky Way alone, it is much more likely the Bothans would be significantly farther away. If the Bothans were halfway between us and the center of the Milky Way, we wouldn’t receive the Bothan signal until the year 51895.


That scenario assumes all conditions are ideal other than the distance between us and the Bothans. For one, the Bothans may not be prepared to receive any signal from any direction. Similarly, humans in 1895 had no reason to be aware of the Bothans or their location, so they would have had to broadcast the radio signals in all directions. Once the Bothans received the radio signal, how would they know what to do with it?


One also has to consider the part of the Drake equation (which we have been ignoring) about how long a species will last. Even though the universe has been around for more than thirteen billion years, that doesn’t mean civilizations have existed that long. Even if we assume that an intelligent life-form came into existence on another planet at some point in the history of the universe, it is unlikely that this civilization existed in a time frame where it could communicate with us. Signals take time to travel from one location to another.


To be more concrete, if the Neanderthals had figured out interstellar communication, and they knew exactly where to point their message, it would be just arriving at a planet on the other side of our galaxy. If the next closest planet was in our nearest galaxy (Andromeda), then the Neanderthal signal would still have another 2.5 million years to go. Even if this communication reached a planet with life, that life might well be single-celled creatures with no way to understand the signal. Much in the way that the Neanderthals would still be waiting for their signal to arrive in Andromeda, another civilization trying to communicate with us may still be waiting for their signal to reach us. Historically, empires like the Egyptians or Romans did not last longer than 500 years. If the Greeks told the conquering Romans, “We started a dialogue with Zeus, please listen to a certain part of the sky for the response in a few thousand years,” not only would the Romans need to not ignore this crazy request, they would need to make sure it was passed on for 50,000 years.




RELATIVE AGING OF CHARACTERS





WHEN Luke’s and Leia’s lifetimes





WHERE Tatooine and Alderaan





CHARACTERS Luke Skywalker, Princess Leia Organa





PHYSICS CONCEPTS General relativity, special relativity





SHORT INTRODUCTION/BACKGROUND


When Einstein first proposed his theory of special relativity in 1905, the scientific community did not accept his theories. Einstein suggested that the passage of time changes depending on how fast a person (or reference frame) is moving. Crazy as it sounds, if you send one half of a set of twins away in a rocket ship only to return later, she’ll find that she is younger than her brother (this idea is known as the twin paradox). Since the early 1900s we have done extensive tests of the special and general theories of relativity and found that they are perfectly consistent. Does this mean that one twin is indeed younger when returning from a long interstellar journey?




TIME DILATION


Not convinced about time dilation? One of the fundamental tenets of relativity is that the speed of light is a constant regardless of our speed and travels at about 186,000 miles per second. Imagine setting up two mirrors about a foot apart so that light can bounce back and forth vertically between them. The light will be able to bounce back and forth between the mirrors about 500,000,000 times every second. If we use this device to measure time, we can define one second as the time it takes for the light to travel back and forth 500,000,000 times. This will be accurate even if the room the mirrors are in is moving to the right at a constant speed (as the light moves up and down). Now imagine the room is indeed moving and someone watches it fly by. This observer will see the light move in a zigzag pattern as it bounces up and down because of the relative sideways motion. This person sees light traveling extra distance at the same speed (remember, the speed of light is a constant), so something about the time has to have changed.





BACKSTORY


When we are first introduced to Luke Skywalker and Princess Leia Organa, they don’t appear to have any connection. The original novelization of A New Hope puts Luke at twenty years old (or “twice as old as a ten-year-old vaporator”) while Leia is described as being eighteen years old. We later discover that Luke and Leia are actually twins born about nineteen years prior to the events of A New Hope. It has been rationalized that Luke’s and Leia’s ages were described approximately so it’s not inconsistent if they are nineteen years old, but could it be that they are different ages? According to theories of relativity, could additional traveling make Leia two years younger than her twin brother?


THE PHYSICS OF STAR WARS


The “speed” of time’s passage involves a process called time dilation, one of the main consequences of Einstein’s theory of special relativity. Consider the situation of Luke and Leia. Luke is delivered to Tatooine as a baby and stays there until he and Obi-Wan travel toward Alderaan. Leia on the other hand is taken to Alderaan and grows up to be a diplomat. With her zooming around on spaceships at very fast speeds, time will move more slowly for her relative to the stationary Luke.


Just how much would Leia need to zoom around the galaxy such that Luke is two years older than she is when they meet up again? As discussed previously, time will move slower for the moving Leia as compared to stationary Luke. Technically, to do this calculation, we would need to know Leia and Luke’s relative speeds at all times in their lives. Let us consider a few specific examples to get a sense of how possible this is.


If all Leia did was travel away from Polis Massa (the asteroid where she and Luke were born) and return at age eighteen to find Luke there aged twenty years, she would have to travel about 44 percent of the speed of light (or about 81,000 miles per second) the entire time she was away. She would have to travel even faster to account for Luke’s presumed travel from Polis Massa to Tatooine plus all of her downtime on Alderaan. If we were to assume that Leia had a grand total of fifteen years of stationary life and five years of travel time, it would require her to constantly be traveling at 70 percent of the speed of light, or about 130,000 miles per second.


This does not take into account relative aging due to the effects of general relativity, though. General relativity states that just being in a gravitational field causes time to slow down. If you take into account these effects, using estimated diameters for Alderaan and Tatooine, and assume their densities are somewhere around Earth’s density, Luke’s and Leia’s ages would only be different by approximately one second in the span of twenty years, so it is mostly a negligible effect.


THE PHYSICS OF REAL LIFE


This all sounds pretty fantastical, but all experimentation indicates that this is how time really works. Although to date we haven’t been able to develop a manned rocket fast enough to do this experiment, we have done a related experiment with twin atomic clocks. In 1971 Joseph Hafele and Richard Keating flew some atomic clocks around Earth. Some of the clocks went eastward and some went westward. From the reference frame of the center of Earth, the clock moving with Earth’s rotation would have a greater speed than the plane moving westward. These clocks were then compared to an atomic clock at the US Naval Observatory, which was used as the reference clock. The theory predicted (using both general and special relativity) that the clock moving eastward would lose about 40 nanoseconds compared to the reference whereas the clock moving westward would gain about 275 nanoseconds. The clocks were measured to have a loss of 59 nanoseconds and a gain of 273 nanoseconds, respectively.


In March 2017 NASA started releasing data associated with a simpler version of the twin paradox. Astronauts Mark and Scott Kelly are identical twins. Although they have both been to space multiple times, Scott recently spent nearly a year in space. Because of this time in low-Earth orbit, zooming around Earth once every ninety minutes or so, Scott went from being six minutes younger than Mark to being six minutes and five milliseconds younger. In the grand scheme of things, however, this is not going to greatly affect Scott’s life expectancy relative to his brother.


Perhaps the most useful (and most frequently cited) application of relativity is GPS. In order for a computer (such as your phone) to identify your location on Earth, it has to recognize where it is relative to some reference points. To do this in three dimensions, the device must communicate with at least four satellites. GPS satellites orbit Earth and are spaced out such that no matter where you are in the world, there should be at least four satellites visible to your device. Roughly speaking, the satellites say something like, “It is precisely 12:34:56.789012345 and I am moving this fast and at this location.” Your phone receives this information a little bit after it was sent, so it’s able to determine how far away the satellite is from the phone. Once it has enough references (from other satellites), the phone can pinpoint its precise location. Neither satellites nor the phone will work without taking into account the general relativistic effect of the satellites being farther from the center of Earth than the phone.




INVISIBLE HAND BRIDGE EVACUATION





WHEN Episode III, Chancellor Palpatine rescue mission





WHERE Bridge of the Invisible Hand





CHARACTERS Anakin Skywalker, Obi-Wan Kenobi, General Grievous





PHYSICS CONCEPTS Pressure, temperature





SHORT INTRODUCTION/BACKGROUND


Space is hostile to life. With no air, the ambient pressure in space is nearly zero, and the temperature is close to absolute zero. In order to survive there, ships need to maintain air pressure at levels close to atmospheric pressure on the surface of a planet. Having a metal container with a high-pressure gas inside of it while surrounded by the vacuum of space is stable unless that metal container is punctured. If a spaceship has a hole blown in its side, will there be a suctioning whoosh of air like there is in cartoons? How dangerous is a catastrophic failure of a window on the bridge of a spaceship? Could a person survive in space?


BACKSTORY


While on a rescue mission to free Chancellor Palpatine, Obi-Wan and Anakin must board the Invisible Hand, General Grievous’s ship. During their escape Grievous captures all of them and brings them to the bridge. In the ensuing fight Grievous punctures a window and is hurled into space before bringing himself back to the exterior of the ship via a grappling hook. Obi-Wan, Anakin, and Chancellor Palpatine must hold on to secured objects to prevent their being pushed out as well. Ultimately, the blast shield closes and prevents the rest of the air from being sucked out of the bridge.


THE PHYSICS OF STAR WARS


Before we do any calculations, we must establish a few assumptions. Since the characters appear to be breathing without assistance and also appear to be reasonably comfortable as far as temperature goes, let us assume that the gas in the bridge is equivalent to air on Earth at 1 atmosphere (a unit of pressure) and 72°F. Let us also assume that the fractured window is about 12' × 6', or about seventy-two square feet. The room appears to be an irregular hexagon not dissimilar to a home plate from baseball. Given our assumptions for the dimensions of the window, an estimate of about seventy-five cubic feet of gas in the bridge is not unreasonable.


When gas is escaping a room in space, the amount of air in the room falls off exponentially. If you were inside the room when the air reached a density of around one-third normal levels, you’d feel as if you were standing atop Mount Everest. That is still survivable, but it will be difficult to breathe for an untrained person.


Given the numbers we assumed, it would take about a tenth of a second to reach this air density if the bridge room was sealed off from the rest of the ship. Since the doorway to the hall is open throughout, air from down the hall is able to rush in to replenish the air leaving the bridge. Overall, during the approximately fifteen seconds of the window being open, about two thousand cubic feet of air rushes out of the window. Given the size of the ship, that would most likely lead to a negligible change in ambient temperature and pressure.


But what about Grievous? Is he able to survive outside of the ship? If he were a purely mechanical being, that would be easy, but he has a biological brain, heart, and other vital organs. These must always be kept in a pressurized pouch because vital organs evolved to have counterpressure from surrounding organs and bones. Even if they were exposed to the vacuum of space, he probably would be okay. He is only outside for about ten seconds, which is brief enough for him to maintain consciousness and avoid death. Crucially, he gets back into the ship where pressures are closer to normal.


What about the temperature? Funnily enough, it is hard to lose energy through heat transfer in space. There are three mechanisms of heat transfer: convection, conduction, and radiation. Since space has no stuff in it, only radiative heat loss is possible. The rate of radiative heat loss increases with surface area and temperature. Assuming the biological brain Grievous has retained is of average size, it will drop in temperature one degree Fahrenheit every ninety seconds or so. This is not much of a temperature variation.




EMPTY SPACE? NOT SO MUCH


Despite what you might think, space is not empty. According to quantum mechanics, particles are constantly being created and annihilated on microscopic scales. You may think, “Then why don’t we see this?” Well, these particles only exist for a fraction of a fraction of a fraction of a second (a visible photon could exist for about 10–16 seconds). This is why it’s safe to say space is empty. At that point, you might wonder why we care. It’s because there are measurable effects caused by the microscopic particles, including decay of black holes via Hawking radiation, the Casimir force (attraction between neutral plates that are very close together), and Van der Waals forces. These all sound like science mumbo jumbo, but leading theories relate this to how geckos and spiders can climb sheer surfaces.





Water exposed to space experiences rapid evaporative cooling. Evaporation is just the process of molecules having enough energy to escape a liquid and float off as a gas. Typically, the pressure created by air molecules hitting the surface of a liquid prevents these molecules from escaping. At very low pressures, this is no longer the case, and evaporation happens significantly more easily. If Grievous’s organs were completely exposed to the vacuum of space, he’d have to worry about them freezing, so the pressurized sac enclosing them is doubly important.


THE PHYSICS OF REAL LIFE


When you watch a scene like the one we’ve been discussing, it is hard not to imagine characters and objects on the bridge being pulled out into space by the breach in the ship’s hull. In reality, the air in the room is pushing everything out.


Molecules move around quickly and randomly in gases such as air. When those molecules hit a wall, they bounce off the wall much like a ball. For an air molecule to escape through a hole, it has to run into the wall where the hole happens to be. Other molecules will continue to mosey around their room unaware that there is a hole until their path happens to bring them to it. This means that the image from a cartoon with lines of air being sucked out actually represents the velocity of the air molecules that happen to be heading for the hole.


Fortunately, catastrophes involving significant pressure changes are rare, though not unheard of. In 1966 Jim LeBlanc was in a vacuum chamber doing space suit testing for NASA. Due to a failure of the pressurization tube on his suit, he was exposed to a vacuum for 15–30 seconds. LeBlanc described feeling the saliva on his tongue boil before passing out. Due to the speed at which observers were able to return the room to normal pressure, he survived with no lasting damage.


On the other hand, in 1983 six workers were operating the Byford diving bell, a section of an oil rig off the coast of Scotland, which was at nine times atmospheric pressure when a catastrophic decompression event occurred. Due to a failure to follow protocols, the bell went from 9 atmospheres down to 1 atmosphere in a fraction of a second. Sadly, all but one of the workers died.




SPACE TRASH


“This bucket of bolts’s never gonna get us past that blockade!”


—Princess Leia Organa (Episode V)





WHEN Episode V, escaping the Hoth asteroid field





WHERE Hoth asteroid field





CHARACTERS Han Solo, Chewbacca, C-3PO, Captain Needa





PHYSICS CONCEPTS Gravity





SHORT INTRODUCTION/BACKGROUND


Space is…very big. To get a better idea of just how big, consider a sphere centered at the Sun and stretching out to Neptune. Planet Earth and everything on it occupies 0.00000000000000028 percent of the volume of that sphere. Our entire solar system occupies only 0.00000000000000000000009 percent of the space in the whole Milky Way. So, as we run out of room for certain things on Earth, it makes sense to look at the open areas above us for extra storage.


You might think that we could just throw all of our trash into space and not worry about it again. NASA and other organizations beg to differ and are already concerned about the amount of trash occupying our upper atmosphere. In a galaxy with far more species, planets, and space travel, would trash be a serious issue for the city, planet, and star system planners of Star Wars?


BACKSTORY


We can be pretty sure that the Star Wars galaxy hasn’t developed a high-tech waste removal system because Luke and company find themselves in the Death Star’s trash compactor in A New Hope. In The Empire Strikes Back we are introduced to the Galactic Empire’s policy of jettisoning trash from large ships before heading to hyperspace. Is space big enough for that? We on Earth used to think the oceans were large enough to handle whatever we dumped into them, but we ended up with large islands of trash. Does the Millennium Falcon need to be just as concerned about space trash as it does asteroids or bounty hunters?
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