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Good evening ladies and gentlemen.

Let’s get into the mood……CLICK IN THE 
SCREEN AREA
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The Physics of 
Star Trek & Star Wars

Fantasy versus Feasibility

That one minute of clip takes us back 40 years.

It’s hard to believe, but Star Trek began for most of 

us more than half a lifetime ago.  Star Wars is a bit 

younger at 31.  These two series have provided 

fun and excitement for literally hundreds of millions 

of people.  The plots often depend upon somewhat 

fanciful scientific capabilities.  There are exotic 

weapons and spaceships that have capabilities far 

beyond what we see today.  But overall, we have 

enhanced our enjoyment of these series by 

suspending belief to the point where all of these 

marvelous features have become real to us. 

After 31 years, the magic of Star Wars still is 

strong!  CLICK. 
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Even the 
US Postal 
Service

is
“into” Star

Wars

Look at this CLICK page of postage stamps 

recently put on sale by the USPS.  It is kind of hard 

to see, but the denomination is 41 cents - this is 

not some oddball commemorative issue, these 

stamps are for wide distribution and usage. 

On the Star Trek side, a pudgy Captain Kirk is now 

doing commercials for a hotel reservation web site, 

Spock has retired to North Lake Tahoe, and God 

has beamed up Scotty!
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Objectives

• Assess the feasibility of some of the 

futuristic technologies employed in Star 
Trek and Star Wars 

• Support the assessments using present-
day math and physics and reasonable 
extrapolations 

• Keep the math and theories simple

CLICK.  Tonight, we will spend this hour reasoning 

about the feasibility of some of these truly fantastic 

features.  CLICK.  I will try to ground these 

assessments in solid math and physics  CLICK
without drowning you in technicalities. In order to 

do that, I have to make use of some fairly complex 

science - science that sounds strange and maybe 

even hard to believe.  But I’ll be careful to tell you 

what’s true vs. what’s theory vs. what is outright 

speculation. 
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Sources

• Laurence M. Krauss, The Physics of 
Star Trek (Harper Perennial, 1995)

• Jeanne Cavelos, The Science of Star 
Wars (St. Martin’s Griffin, 1999)

• Wikipedia (www.wikipedia.org)

• Scientific American (various issues 
1995 to date)

I have used four main sources.  The first is an 

excellent book, written by a fully qualified physicist 

who is a self-admitted Trekkie.  Its only problem is 

that it’s 12 years old and could stand a little 

updating.  The second book is interesting but not 

as useful for our purposes. The author is more of a 

reporter than a scientist so the book quotes a lot of 

other folks, not all of whose bona fides are 

presented.  

Wikipedia is overwhelmingly comprehensive, but 

not always thoroughly authentic.  It is a great 

source but sometimes must be taken with a grain 

of salt.  Scientific American is a marvelous journal 

with a 150 year history and real skill in presenting 

difficult material in readable form.  I used it mainly 

in filling in the gap between Krauss’s book and 

today’s physical concepts.  
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Futuristic Technologies 
Assessed

• Space Travel

• Transporter

• Anti-gravity

• Inertial Dampers

• Cloaking Device

• Weapons

– Portable

– Ship-mounted 

These are the specific topics I’ve chosen to 

address tonight.  These technologies seem to be 

the ones that are most central to the plots of the 

stories.  We’ll address them in the order shown.
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Topics Not Assessed

• “The Force”

• “Droids”

• The prevalence of extra-solar planets

• The possibility of extra-terrestrial life

• The possibility of extra-terrestrial 
intelligence

• Time travel

• Parallel universes

These are topics we will not address. “The Force”

is not  a subject that can be analyzed by any 

mathematics or physics that I know.  “Droids” are 

largely dependent on developments in “Artificial 

Intelligence”, an area beyond my competence. You 

have recently heard presentations on the next 

three.  Finally, time travel is a big enough subject 

to deserve a presentation all by itself, as are 

parallel universes.
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Abbreviations

• G - the acceleration of Earth’s gravity 
(about 10 meters/sec2 or 32.2 feet/sec2)

• c - the speed of light (about 300,000 
kilometers/sec or 186,400 miles/sec)

• LY - light year (about 9.5 trillion kilometers 
or 5.9 trillion miles)

• FTL - Faster than light

• STL - Slower than light 

A few abbreviations will make life easier for us.  

Note the second-squared in G.  It is there because 

we are talking about an acceleration, not just a 

simple velocity.   Look at the numbers in the next 

two items.  Try to appreciate how appallingly large 

they really are.  This is a totally different ballpark 

we are playing in when we contemplate interstellar 

travel.  The last three are just for convenience.
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Going Places

• Space travel, 

– Slower-than-light (Star Trek’s “impulse drive”)

– Faster-than-light (“Warp drive”)

• Matter transmission

– Star Trek’s “Transporter”

Now, let’s get started. Under the heading of  

“Going Places”,  first we are going to talk about 

slower than light speed travel.  Then faster than 

light speed travel.  And then about Star Trek’s 

Transporter.
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Let’s Plan An Interstellar Trip

• Destination - Proxima Centauri

• Distance - 4.2 LY away

• Purpose - Reconnoiter possible planets 
and return imagery and samples

• Constraint - FTL drive has not been 
invented yet 

Let’s see if we can plan an interstellar trip.  Let’s 

make it easy on ourselves and choose to send a 

manned expedition to the very nearest star to our 

Sun.  That’s Proxima Centauri, only 4.2 light years 

away.  Our mission is exploration. We should be 

prepared to hang around Proxima Centauri long 

enough to gather imagery and collect samples of 

gases and other materials in the neighborhood.  

FTL drive has not been invented yet so we are 

forced to settle for STL means.
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Outline Flight Plan

• Leave Earth - accelerate at 3 G’s to 0.5c

• Coast toward Proxima Centauri at 0.5c

• Decelerate at 3 G’s to zero speed at 
Proxima Centauri

• Do local exploration as necessary

• Apply the same accelerate-coast-
decelerate procedure to travel home

The plan is a compromise between the problems 

of attaining great speed and keeping the duration 

of the flight within reasonable limits.CLICK From 

Earth we’ll accelerate to 0.5c and then CLICK 
coast CLICK till we get near enough to decelerate 

to zero just as we arrive at Proxima Centauri.  

Then CLICK we do our research and CLICK use 

the same scheme to go home.  It’s a simple plan.  

Even so, it poses many challenges….



12

Challenges

1. Effect of inertial forces on the crew

2. Making the round trip in a reasonable                        
length of time

3. Impact of relativistic time dilation

4. Selecting/using suitable propulsion

5. Building a ship with the necessary fuel 
mass to ship mass ratio

There are a bunch of challenges - CLICK CLICK 
CLICK CLICK CLICK these are the top five.  We’ll 

discuss each one in the following slides.  Let’s deal 

with the first one now.  Watch this clip from Star 

Wars.
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.
Accelerating to light speed
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What’s Wrong With That 
Picture?

Han Solo, Luke, and Chewbacca 
showed NO inertial effects of the 

extreme acceleration up to light-speed

Compare what is going on with what you feel when 

changing speed or direction in your car, or riding in 

a carnival ride or in a stunting airplane.  That 

feeling is inertia working on your body.  Any 

acceleration (that is any change in velocity or 

direction) acting on a mass creates that effect 

(Newton’s Laws of Motion say so). CLICK But 

somehow, Star Trekkers and Star Warriors are 

protected from it.  We don’t know how to do that, 

so we must suffer that effect
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Inertial Forces

• During both acceleration and deceleration

• Human limitations - 3G’s for protracted 
periods (too optimistic?)

• To accelerate from 0 to 0.5c at 3 G’s 
takes 2.5 months

• Round trip time at max 0.5c = 17.2 yrs. 
(plus loiter time at Proxima Centauri)

Don’t forget you have to slow down, too!  To slow down 

you have to expend just as much energy as in speeding 

up, but just in the opposite direction.

NASA uses 3G’s for short periods.  

The rest of the numbers can be calculated fairly simply, but 

please, just take them on faith.  I don’t want to take your 

time to show how.

(NOT TO BE PRESENTED UNLESS QUESTIONED)

accel or decel =average .25c for 2.5 months gives 0.625 

lm (=0.052 ly) at start and end of voyage.  Constant speed 

travel distance at 0.5c is 4.2-2(0.052) = 4.1 ly or 8.2 years.  

Two way travel time =2(8.2 + 2*2.5/12) = 17.2 years 

Gamma of accel and decel = .968

Gamma of constant 0.5c = .866

Shipboard perceived time = .968*10 mos + .866*16.4 yrs = 

15.0 yrs
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Relativistic Time Dilation

• Time onboard the ship passes more 
slowly than time at home (Special 
Relativity says so!)

• Round trip times (excluding loiter time)

– Measured at home = 17.2 years

– Measured onboard ship = 15.0 years

The relativistic time dilation effect is only trillionths 

of a second at speeds that we can achieve on 

Earth.  It has, however been experimentally 

confirmed without doubt.  It becomes very large at 

speeds approaching c.  Here it is present but mild.
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Propulsion

• Performance depends on:

– Fuel mass + ship mass

– Exhaust velocity provided by fuel

• Alternatives:

– Chemical (well developed, but puny) 

– Nuclear Fusion (better, but not 
available today)

– Matter-Antimatter Annihilation (best, 

but lots of problems)

The greater the mass of a rocket ship the harder it is to 

accelerate. The more mass you push out of the back end 

of that ship, the faster it will go.  The faster you push that 

mass out the faster the ship will go.  Just common sense.  

In the objective of going farther and faster, we look for 

fuels that can provide higher and higher exhaust masses 

and/or velocities.  Today we use chemical fuels, basically 

controlled explosions.  They are quite inadequate for 

interstellar travel.  Stepping up to nuclear fusion yields 

major increase in energy, but also engineering problems 

of major proportions.  The ultimate in energy production 

would be propulsion by matter-antimatter annihilation 

(i.e., reacting a normal particle, say an electron, with its 

antiparticle, a positron). One gets the full effect of 

e=mc**2, but this poses serious problems over and 

above just  engineering.  The biggest problem here is 

getting our hands on the anti-matter in the first place.  It 

is incredibly rare (at least in our neighborhood)
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Impact of Fuel Mass and Exhaust 
Velocity on Top Speed

Propulsion         Exhaust       Fuel to Ship        Speed
Type Velocity Mass Ratio Achieved

Chemical        0.000015c             1.7            0.000015c

Chemical        0.000015c             6.4            0.000030c

Fusion              0.05c                  1.7                0.05c

Antimatter         0.5c(est.)           4.0(est.)            0.5c

There are several interesting facts to be observed here.  

CLICK In the first line entry, in the Exhaust Velocity column.  

15 millionths of light speed isn’t much, but it is typical of 

chemical fuelled propulsion.  If you build a ship that carries 

1.7 lb of fuel for each pound of ship structure and crew 

weight, you will be traveling at the same speed as your 

exhaust velocity when you run out of fuel.  CLICK But look 

at the second line - in order to be going twice as fast as 

your exhaust velocity when you run out of fuel the required 

fuel to ship weight ratio goes up to 6.4!  Achieving a ratio 

like that would require some pretty fancy structural design 

and a crew continuously on Nutrisystem.  CLICK If we 

choose fusion power, we gain significant improvement but 

we are still only traveling at 0.05c.  CLICK Going to 

antimatter engines gets us in the ballpark.  Note that the 

numbers are fuzzier than in the prior entries. Sorry, but not 

enough is known now to make them any more precise.
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Now let’s move to the make-believe world and see 

how these challenges are handled there...
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How do the writers handle:

Challenges Star Trek Star Wars
Inertial Forces “Inertial

Dampers”
Ignored

Time Dilation Limit impulse
travel to 0.25c
and short trips

Ignored

Impulse
Propulsion

Anti-matter Don’t specify

Fuel to Ship
Mass Ratio

Ignored Ignored

CLICK  CLICK  CLICK  CLICK

It looks like the Star Trek guys have tried a little 

harder - they have only ignored the fuel to ship 

mass ratio problem, while the Star Wars guys have 

just gone merrily on their way!
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Can We Meet the 

Challenges?

1. Effect of inertial forces on the crew
- 2.5 months is a long time to suffer 3G 
acceleration

2. Making the round trip in a 
reasonable length of time
- 17 years is a long trip but potentially 
worth it (?)

Meeting the challenges:

CLICK

Acceleration/deceleration inertial stress at  3G for 

2.5 months has to be bad for even the toughest 

human but perhaps in a few decades medical 

science will find ways to minimize the damage.  

And also, possibly medical science will find ways 

to achieve some sort of suspended animation for 

the crew that will ease the problems of boredom 

and food supply in the long trip.

17 years is a long time for the folks at home to wait 

for a friend or relative in the crew, but the success 

of the mission might make it worthwhile.
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Can We Meet the 

Challenges?

3. Impact of relativistic time dilation
- Time difference should not cause                        
serious upset to crew

4. Selecting/using suitable propulsion
- Matter-Antimatter Annihilation is the 
only choice possible but it involves 
many unsolved problems

CLICK

The crew will be 2 years out of synch with the folks 

at home but that should not be a life-changing 

amount.

Matter-Antimatter propulsion has fundamental 

problems - where will the antimatter come from?  

Can it be gathered or manufactured economically? 

Can it be stored effectively?  Can the energy 

created by the annihilation be focused effectively? 
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Can We Meet the 

Challenges?

5. Building a ship with the necessary 
fuel mass to ship mass ratio
- Next to impossible!  Even using 
Matter-Antimatter Annihilation, our 

round trip needs a fuel-to-ship mass 
ratio of: 

44 = 256!

This is the toughest one of all.  Remember, there 

will be four fuelled phases of the round trip flight:

1.  Accelerate from Earth to 0.5c

2.  Decelerate to Proxima Centauri from 0.5c

3.  Accelerate from Proxima Centauri to 0.5c

4.  Decelerate to Earth from 0.5c

To carry all the fuel for these four phases means 

that the fuel to ship ratio of 4.0 for each phase 

must be raised to the fourth power to cover the 

whole mission

This is a next-to-impossible requirement  Let’s 

show it graphically….. CLICK
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Fuel

A Fuel to Ship Mass Ratio of 
256:1 Looks Like This:

Structure,

Crew &

Supplies

The big box CLICK is fuel CLICK and the small 

box CLICK is everything else CLICK.  The 

structure has to be strong enough to handle that 

huge quantity of fuel, while accelerating and 

decelerating at 3G! That little box includes food for 

the crew for 15 years, too.  Impossible!
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Slower-Than-Light Travel

• Not practical for interstellar travel

• For interstellar travel, we should study 
means of travel not limited by:                                 
- light speed                                                   
- inertial forces                                                
- time and mass dilation                                

- reaction drives

Do Such Means Exist?

Slower than light travel just won’t cut it!

Too many limitations.

BIG QUESTION

Can we avoid those limitations?
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Yes! (Theoretically)...

and the key theories come 
from this guy…..

Most of us here are old enough to recognize Albert 

Einstein in the picture.  Almost everybody has the 

same reaction when “Einstein’s Theory” is 

mentioned.  Eyes roll, heads shake, constructive 

attention shuts down, and rejection sets in. (Even 

the opening words of the song “As Time Goes By”

include the lines “Yet we get a trifle weary with Mr. 

Einstein’s Theory”). Well, we can’t afford to do that 

and expect to get anything more out of this 

evening’s talk.  So listen up!  You don’t have to 

understand WHY what we are going to discuss is 

true: just accept it as fact, because even though 

much of it seems strange, most of it has been 

experimentally verified.
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The Physics of Special Relativity

In 1905, Einstein published his theory of     
Special Relativity that:

• stated the mass-energy equivalence, E=mc2

• stated that the speed of light was fixed and 
independent of the motion of the light source

• assumed a flat four-dimensional space-time

• did NOT include gravity

CLICK.  CLICK.  Most of us have seen this equation 

before and relate it in our minds to the atomic bomb 

where a few pounds of Plutonium can produce a huge 

release of energy.

CLICK.  The next item runs counter to our intuition, but 

it anchors in place the concept of the light-speed limit

CLICK.  The four dimensions of space-time are height, 

width, depth, and time.  We call it flat because it uses 

Euclidean geometry, the same kind we learned in 10th 

grade.

CLICK.  Finally, Einstein left out gravity because he 

couldn’t figure out how to include it.  That’s why it’s 

called the SPECIAL Theory of Relativity.

At Earthly speeds and short distances, Special 

Relativity reduces to the Physics of Newton and his 

laws of motion, what we call “classical physics”.
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The Physics of General Relativity

In 1915, Einstein published his General 
Theory of Relativity that:-

• incorporates gravity with Special Relativity

• says space-time is curved and deformable

• has been experimentally verified

• breaks down when treating black holes

• has incompatibilities with quantum theory 

CLICK.  CLICK.  Einstein has incorporated gravity with 

Special Relativity to produce the General Theory.  CLICK.
What does “curved” mean?  Simply that space does not 

necessarily go on and on without end.  A mathematician 

would say that the geometry of space is non-Euclidean.  

“Deformable” means that energy or mass concentrations 

can locally bend space-time 

CLICK.  First test in 1919 showed sun’s gravitational field 

bending starlight in its neighborhood.

CLICK.  Black holes exhibit mathematical singularities 

which can’t be handled by Einstein’s math

CLICK.  Some well-proven properties in quantum theory 

are at odds with Einstein’s math, too.  (Quantum Theory 

deals with interactions among sub-atomic particles).

But General Relativity does a better job of explaining many 

aspects of the universe than Special Relativity or Newton
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You’d better not 
object to any of 

Einstein’s theories 
or else….

CLICK…..He takes it personally!
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How can we (theoretically) attain
faster-than-light travel?

Proposals:

Wormholes

Alcubierre Drive

Change some of Einstein’s 
assumptions

Go somewhere where the speed 
of light is not the limit

Looking at things with the aid of General Relativity 

leads to some proposals for FTL travel.

We’ll spend some time on each
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Using a Wormhole (Step 1)

To travel from A to B when the “flat 

space-time” distance is too great... 

Suppose it’s just too darn far to get from A to B….
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Using a Wormhole (Step 2)

Fold space-time between A and B thusly:

Since space-time is deformable, bend it so that A 

is closer to B
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Using a Wormhole (Step 3)

Stretch the space-time at A and at B to 
form a shortcut between them:

Then deform space-time at A and at B until the two 

deformations meet in the middle, making a 

“wormhole” short cut.  Keep the wormhole open 

long enough to travel through it whenever we want.
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Concept - Simple…

Implementation - Really hard!

• Huge amounts of energy required to 
deform space-time

• Huge amounts of energy required to 
create the wormhole itself

• Probably equipment/people will be 
needed at the destination end of the 
wormhole 

How simple!  Well, not exactly!  Folding space and 

punching wormholes requires applying huge 

amounts of energy in carefully chosen locations.  

Nobody today has anything more than a foggy 

notion of how to do that.  Probably all that can’t be 

done from Earth - somebody will have to be on the 

other end with special gear to make it all happen.
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Wormholes - Further 
Considerations

• If destination equipment/people are 
required, first trip to destination must be 
made by other means 

• Infrastructure needs will probably limit the 
number of destinations

• The wormhole may require exotic 
matter/negative energy to keep it open

That first trip to the other end must be made by 

conventional means.  That means that adding a 

new destination will be a big, time-consuming job.

Finally there is concern that even when the 

wormhole is created that passing through it may 

require “exotic matter” or “negative energy” to keep 

it open.  Exotic matter is matter with negative or 

imaginary mass, purely theoretical concepts and 

doubtful possibilities at present.

But, maybe…..   
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A great picture…but not very likely!

Great imagination, great artwork, but difficult-to-

achieve-physics and engineering
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Alcubierre Drive (1)

• Ship is enclosed in a “warp bubble” made 
by deforming space-time around the ship

• Space at front of bubble is caused to 
contract rapidly

• Space behind bubble is caused to expand 
rapidly

• Ship can be made to move faster than a 
light beam outside the bubble

Here’s another approach, named after its inventor, 

Dr. Alcubierre.  It requires space distortion behind 

and in front of the ship to create a sort of “continual 

downhill” motion for the ship that can result in FTL 

motion.
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Alcubierre Drive (2)
• First described in scientific literature in 1994

• “Invented” by science-fiction writers well 
before that time!

• Requires that the first trip to a destination be 

made by other means

• Does not require destination infrastructure

• Some experts believe that the theoretical 
basis of the drive has problems

• Energy requirements may be hard to meet

The concept was published in scientific journals in 

1994, but science fiction writers had suggested 

similar mechanisms well before that.  Its 

advantage is that it requires no destination 

infrastructure, but it still needs to know the precise 

location of the destination.  That means that the 

first trip to a destination must be made by 

conventional means.  

Not all mainstream scientists are convinced of the 

theoretical treatment.  Energy requirements are 

likely to be huge, and must be provided from within 

the ship.
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Change Some of Einstein’s 

Assumptions

• Give up the law of cause and effect -
permits time-related paradoxes

• Give up absolute relativity - permits 
variability in light speed

• Both approaches are considered 
unappealing by mainstream science

These assumptions are almost gospel to the 

scientific community.  They are the foundations of 

Einstein’s theories and underlie much of the 

philosophy of physics.  Not a likely way to solve 

the problem of FTL.
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Go Somewhere Where The 
Speed of Light Is Not The Limit

• “Hyperspace” or “Subspace”

• Favorite FTL solution of science-fiction 
writers

• Never seriously proposed by anyone in  
mainstream science

I added this one just for fun.
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Summary

Faster-Than-Light Travel

• General Theory of Relativity includes space-
time distortion that theoretically could lead to 
FTL travel

• Distortion requires huge amounts of energy

• Reaching a destination by FTL requires a 
first trip by conventional means

• No scientific basis today for routine FTL 
travel as shown in Star Trek/Star Wars

CLICK.  The General Theory of Relativity offers 

the most attractive avenue to FTL.  But there are 

major hurdles to overcome, CLICK.  CLICK.    

CLICK.   and routine FTL travel may never come 

to pass.
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Beam me up, Scotty!

The Transporter

It’s about as “far out” physics

as you can get!

Star Trek’s Transporter has some of the most 

physically impossible requirements you can 

imagine.  Take a look at this clip….
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Clip showing transporter working
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What’s Really Happening?

• What is actually being “beamed up”?

– Atoms (1028 atoms/person)

– Information (1022 GB/person)

• What occurs at the departure point?

• What occurs at the destination point?

• What is the communication channel?

Let’s ask some tough questions.  What is actually 

being beamed up?  There are two alternatives; 

either the body itself (atoms) or a specification for 

the body (information).  A reasonable guess for 

atoms is 10**28 atoms. That’s 1followed by 28 

zeroes, or 10 billion billion billion.  If it’s 

information,  it’s 10 thousand billion billion GB.  

What really happens at the departure point and at 

the destination?  What is the communication 

channel?

Let’s pursue each of the alternatives; atoms and 

information.
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If the Transporter beams 

atoms...

• How do you scan and identify 1028 atoms 

fast enough to get an unambiguous image?

• How do you accelerate the atoms to near 
light speed to make the transfer quickly?

• How do you focus the beam?

• How do you do all this remotely from the 
ship?

Say the scan takes 5 seconds.  That’s 5 or 6 

heartbeats - how much does the configuration of 

our body change in 5 seconds - blood flow, heart 

muscle contractions, etc.  The picture obtained 

isn’t a true snapshot.  The transfer appears to be 

nearly instantaneous; how did the atoms get 

speeded up to near light speed?  How do you 

retain the integrity of the beam of atoms?  Does it 

ever get out of focus?  Does it get contaminated by 

matter in the space through which it passes?

On the other hand…..
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If the Transporter beams 
information...

• How do you scan and identify 1028 atoms fast 
enough to get an unambiguous image?

• How do you get sufficient bandwidth to 
transmit the information quickly?

• How do you do this remotely from the ship?

• How do you re-construct the body at the 
receiving end?

• What do you do with the left-over body at the 
sending end?

Suppose that you are sending information, not 

atoms.  The first question is almost the same 

except we are scanning for information about the 

individual atoms.  Do we run into problems with our 

technical capability to accurately measure position 

and velocity of each atom?  Maybe.  How do you 

transmit 10**22 GB in any reasonable time period?  

How do you control all these precise ground 

operations from the ship?  Remember there is no 

special equipment on the ground, just a guy with 

his communicator.  How do you re-constitute the 

body as it arrives on the ship?  And, possibly a 

messier problem: what do you do with the original 

body, now that there is a perfect copy on the ship?
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There are no good answers 
to these questions!

Conclusion

The Star Trek writers have created an 
elegant, but virtually impossible, device

What more can I say?



48

Action at a Distance

• Interaction of two objects separated in 
space

• Examples: electric charges, masses

• Mediators of the interactions: 
electromagnetic field, gravitational field

• What about mediators (fields) in:
– Transporter

– Artificial Gravity

– Inertial Dampers 

It’s necessary to talk about a concept that is very 

important in physics - “Action At A Distance” We 

see it in operation when we put a phone message 

up on the refrigerator door with a magnet, or any 

time we use an appliance that includes an electric 

motor, or any time we drop something on the floor. 

We use words like “attract” and “repel”.  What’s 

really happening?  Physicists use the concept of a 

“field” that mediates (I.e., is the intermediary or 

“go-between” for) the action at a distance that 

occurs between the magnet and the metal 

refrigerator door, or the mass of the object that you 

drop and and the Earth towards which it is 

attracted.  We have already puzzled about how the 

Transporter works, and now we’re going to talk 

about two other futuristic technologies that depend 

on action at a distance to perform their function.  

And we shall have to ask as we consider them, 

“What is the field that mediates this action?”
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Ways to Attain Anti-Gravity(?)

1.  Use a material opaque to gravity (like   
the Star Trek “gravity plates”)

2.  Create negative mass (to cause a 
repulsive gravity field)

3.  Expansion of the Universe is in 
opposition to gravity - can this “anti-
gravity” be put to practical use?

Anti-gravity figures often in both Star Wars and 

Star Trek.  CLICK  The Enterprise has anti-gravity 

plates in its hull. CLICK Writers sometimes talk of 

materials of negative mass which, I guess, fall up 

instead of down. CLICK Finally, some analysts 

point out that the expansion of the Universe 

implies that some “anti-gravitic” force is in play, 

and might be harnessed.  So….
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Barriers to Anti-Gravity

1.  No such material exists - no physical form 
has been proposed to achieve it

2.  Negative mass is not generally considered 
possible but is theoretically possible under 
very special conditions (the Casimir Effect)

3.  The expanding universe is really the 
expanding of the fabric of space-time 

Conclusion: An elegant concept that is now 
unlikely in the extreme

Nobody knows where to find or how to make anti-

gravity plate material.  No ideas have been offered 

for how such material would be configured if it 

existed.

Negative mass is theoretically possible.  An effect 

that can be explained as involving negative mass has 

been demonstrated in the laboratory but only at the 

nanometer or sub-microscopic level.  (If you want to 

check it out, it’s called the Casimir Effect)

Finally, the expansion of the universe is not an 

explosive scattering of heavenly bodies.  Rather it is 

an expansion of the fabric of space-time itself. It is 

analogous to the stretching apart of two points 

marked on the surface of a balloon as it is inflated.  

Scientists are puzzled about the mechanism and 

some say that an unknown “dark energy” is the 

cause.  Time will tell, hopefully.
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Inertial Dampers (1)

• Needed to protect crew and the ship 
itself when accelerating/decelerating

• Must respond almost instantly to 
changes in motion

• Must sense direction of, and absorb 
inertial energy of, changes in motion

• Generalization of anti-gravity? 

Remember the clip earlier in the presentation 

showing the Millennium Falcon crew unaffected by 

speed and direction changes?  Well, “Inertial 

Dampers” take care of that for Star Trekkers.  They 

would be marvelous devices.  If one could deploy a 

field that counteracted gravity, why not rotate that 

field 90 degrees and counteract inertial effects?
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Inertial Dampers (2)

• Simple inertial dampers around us
– Seat belts

– Automobile shock absorbers

– Bubble pack and styrofoam “peanuts”

• Same problems as for anti-gravity

Conclusion

Same conclusion as for anti-gravity, 
“now unlikely in the extreme”

We make use of simple inertial dampers often.  

They work best when the forces they absorb are 

only a fraction of a G; when the forces are greater 

they can minimize but not prevent damage.  They 

don’t come close to the capabilities and 

responsiveness of the Enterprise dampers, which 

probably use some adaptation of the anti-gravity 

force field.  Thus, we come to the same conclusion 

as for anti-gravity.
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After Several Unpromising 
Assessments….

Here’s one technology that looks like it 
has the potential to make it into the

REAL WORLD!

Some positive news….
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What’s going on in this clip?
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Cloaking Device (1)

• Hides the ship from view across a range of 
radiation frequencies

• Various versions may block a narrow or a 
wide range of frequencies

• The ship may not be able to see or fire 
weapons beyond the cloak

• Present in both Star Wars and Star Trek 
series

Cloaking is the ultimate in stealth technology.  

Ideally, a cloaked ship should be invisible across 

the entire electromagnetic spectrum from X-rays to 

long-wave radio.  However, it may be helpful to 

block only a portion of the spectrum. For example 

today’s stealth technology addresses quite 

effectively the frequency range of radar, but 

provides little protection in visible light.

In some of the instances of cloaking devices in 

Star Trek, the cloak not only makes the ship 

invisible, but also prevents seeing or even firing 

weapons from the cloaked ship, a neat 

complication of the plot.
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Cloaking Device (2)

• Several possibilities for implementation

– Plasmonics may prove useful

– Metamaterials research underway at 
several institutions

– Stealth techniques

– Active camouflage

– Local space-time warping

Plasmonics is a relatively new discipline involving electron 

density waves.  Optical properties of metamaterials depend 

upon their structure, rather than the substances that 

compose them.  Opal is a naturally-occurring example of a 

metamaterial, however most metamaterials are man-made.  

Plasmonic phenomena in metamaterials have been used in 

the laboratory to cloak certain special objects from radiation 

of a single wavelength.  Research is also being done on 

materials that have a very low reflectivity in visible light.  

Much remains to be done - expanding the wavelength range, 

developing new metamaterials, packaging for shipboard use.  

Radar cloaking (i.e., stealth) is a well developed area - its 

success is certainly pushing extensions to other frequencies.  

Active camouflage, better named “adaptive camouflage”

involves modifying the appearance of the cloaked object in 

real time to make it resemble its background.  Distorting 

space-time to cloak an object is a far-out possibility. 
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Weapons

• Portable

– Light Sabers

– Blasters

– Phasers

• Ship-mounted

– Phase cannons

– Phasers

– Photon torpedoes

– Quantum torpedoes

– Spatial torpedoes

– Transphasic torpedoes

Here is the list of weapons that we will cover.  

There are many more that have appeared once or 

twice for the convenience of a writer who had a 

plot problem to solve.  Most of the latter are not 

defined beyond a suggestive name, and can’t 

really be analyzed.

Lets start with Light Sabers.
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Light Sabers

• Appear to be plasma-based

• How is the plasma column terminated?

• How is plasma leakage controlled while 
retaining weapon characteristics?

• Where does all the power come from 

and how is it stored?

No good answers!

The beam itself appears to be plasma of some 

sort.  Plasmas need to be contained or they 

dissipate.  But there is no sign of containment 

especially at the outboard end.  To be an effective 

weapon the beam must be free to contact the 

opponent, a requirement that is defeated by the 

containment requirement.  How can you use a 

fluorescent tube as a hand weapon?  Finally, this 

weapon dispenses considerable power; where 

does it come from?  The handle isn’t much larger 

than a flashlight.  No good answers to these 

questions.
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Blasters (Star Wars)

Phasers (Star Trek)

• Appear to be high-powered lasers

• Where does all the power come from?

• How is the power stored and controlled?

• How is excess heat handled?

No good answers!

These hand-held weapons seem to employ a high-

powered laser.  Where does the power come 

from?  How is the power stored and controlled? 

Given that lasers are generally about 30% efficient, 

turning the other 70% of the input energy into heat, 

how is the excess heat disposed of?

Talk about too hot to handle!
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Summary
Portable Weapons

• Power generation and storage?

• Power availability at a moment’s notice?

• Dissipation of excess heat?

This is not a job for the “Energizer Bunny”!

In summary, power generation and storage, 

availability and cooling are big practical problems.

The Energizer Bunny can’t help us on this one!

CLICK Now let’s look at ship-mounted weapons
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Ship-Mounted Beam Weapons

• Includes Phase Cannon, Phased 
Polaron Cannon, and Phaser

• Probably a logical extrapolation from 
today’s heavy laser technology

• Major drain on ship’s power

• Major drain on ship’s cooling capacity

Ship-mounted beam weapons, based on high-

power laser technology seem fairly believable. 

Indeed, the Defense Department seems to be 

making significant progress large ground-based 

laser weapons.  Aboard ship there will be less 

room than on the ground, so major improvements 

in packaging,  power and cooling will be required 

to make them feasible.  But these are mainly 

engineering, rather than scientific problems and 

therefore probably amenable to solution over time..
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Ship-Mounted Projectile Weapons

• Includes Photon, Plasma, Quantum, 
Spatial and Transphasic Torpedoes

• Seem to be invented at the whim of the 
writers and the necessity of the plot

• Little information about them is available

No comment beyond strong skepticism

Star Trek mentions a wide range of ship-mounted 

projectile weapons without being very specific 

about their design and capabilities.  They do come 

in handy for a writer to invent in order to deal with 

some plot problem, however.  Not enough info to 

assess, but skepticism is probably the best 

position to take.
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Summary 
Feasible, Doubtful or Fantasy?

• Feasible

– Limited Impulse Travel

– Cloaking

– Ship-mounted Phasers

• Doubtful

– Limited FTL Travel

– Anti-Gravity

– Inertial Dampers

– Anti-Matter Applications

• Fantasy

– Unlimited FTL Travel

– Transporter

– Light Sabers

– Portable Phasers and 
Blasters

– Ship-mounted Projectile 
Weapons

Here is a summary of the items we’ve discussed.  I 

have categorized them as CLICK Feasible, CLICK 
Doubtful, and CLICK Fantasy.  In some cases one 

might argue about the classification because the 

categories themselves are fuzzily defined.  Where 

would we like to see more progress?  I have a few 

suggestions…..
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Where should science be going
to approach the Star Trek era?

• Perfect a comprehensive unified theory to 
provide insights as to what is really possible

• Confirm/deny existence and properties of 
exotic matter and “dark energy” to help 
answer anti-gravity and FTL travel questions

• Discover/develop compact, portable energy 
sources that are orders of magnitude more 
powerful than today’s

CLICK. Over the past 350 years, our grasp of the 

mechanics of motion, time and gravitation has progressed 

from Newton’s laws to Einstein’s Special Theory to his 

General Theory, to current attempts to formulate a 

comprehensive unified theory that will get rid of the 

conflicts between the General Theory and Quantum 

Theory and accommodate the black hole singularities.  

Continued progress in this endeavor can lead to better 

understanding and maybe, to some real breakthroughs.  

CLICK.  Existing theory can mathematically allow “exotic 

matter” and use it in turn to allow anti-gravity and FTL 

travel.  Clarifying the reality and properties of exotic matter 

and dark energy would answer some interesting questions.  

CLICK.  Finally the development of compact, portable 

energy sources orders of magnitude more powerful than 

those of today would open up wonderful possibilities.



67

The Physics of 
Star Trek & Star Wars

Fantasy versus Feasibility

Before we go to the question portion of this 

presentation, I want to say a special “thank you” to 

Ron Olson.  He provided all the film clips and a lot 

of valuable suggestions about content and form.  

He was a big help to me and an intelligent and 

constructive critic. Now to questions…..

Good night and thank you.


