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If there seems to be something vaguely eerie and distorted about this whole concept, it is hardly 
any wonder. Certainly this is not the view of time, space, and dimension to which we are 
accustomed in our everyday experience. It was a mind-wrenching concept to physicists 
themselves when Einstein first introduced it at the beginning of the century. It was, of course, 
based upon his fundamental postulate that the velocity of light was an unchanging constant in the 
universe regardless of any motion of the light source and regardless of any motion of the 
observer. It was also based on Einstein's conclusion that the velocity of light was a sort of cosmic 
speed limit- a velocity which no material object in the universe could ever exceed. 
 
For ordinary people who enjoy the thrill of riding in a high-speed sports car and like to daydream 
about space voyages to distant stars, this idea of a universal speed limit is perhaps the most 
irritating and unpalatable of all aspects of Einstein's relativity theory. Why can't a spaceship, for 
example, accelerate beyond the velocity of light? Even if we concede, somewhat grudgingly, that 
objects moving at very high velocities may undergo an increase in mass or changes in dimension 
or in time-scale (as measured by some outside observer), why does this mean that the velocity of 
light has to be the absolutely maximum velocity than any material object can move? Suppose we 
had a spaceship capable of traveling through limitless reaches of space unimpeded, with a 
limitless account of time for the voyage and a limitless fuel supply- why then could we not 
continue to accelerate until we had reached the speed of light or even exceeded it if we felt like 
continuing. 
 
The answer is quite simple. It lies in the fact that mass and energy are interconvertible and 
equivalent, two manifestations of the same entity, and that the entire universe contains only so 
much of this mass-energy entity and no more, even if the universe extends infinitely in all 
directions. The answer is that if we could fulfill the conditions we have set forth for such an 
imaginary spaceship flight, we could try to exceed the velocity of light, but unfortunately our 
ship would inevitably run out of fuel before it could even attain the velocity of light, much less 
exceed it. 
 
But why? Suppose we were aboard a spaceship making this historic attempt- what would we 
observe happening as we moved on toward our goal? What we would observe happening is easy 
to envision but rather startling to contemplate. 
 
In fact, as crew members on this imaginary spaceship we would observe nothing very much out 
of the ordinary happening except for two curious and frustrating things. First, we would discover 
(after our accelerating journey had gotten well under way) that our ship would seem to be 
increasing its velocity at a progressively slower and slower rate, even though we were feeding 
the engines progressively more and more fuel. Second, as we went along, we would discover that 
the increase in our ship's velocity continued to slow down progressively the closer we 
approached the speed of light, even as our fuel consumption went up. And ultimately we would 
find that we never could achieve light velocity, no matter how long we took nor how hard we 
tried. 



Let's see how this would work in the course of our imaginary flight. Suppose we first carefully 
calculated how much increase in velocity- that is, how much forward acceleration- we ought to 
be able to expect for each tank of fuel that we used to produce the thrust that keeps accelerating 
our ship forward. Trusting implicitly in Newton's laws of motion, and basing our calculations 
upon them, we stored aboard the ship the proper number of tanks of fuel to increase the ship's 
velocity to the velocity of light. To be extra safe we even loaded aboard a large surplus of fuel to 
guard against any unexpected shortages. Then, with caps waving, we board the ship and begin 
our flight. 
 
At first, as the ship begins accelerating from zero, everything seems to be going according to 
plan. By the time our first tank of fuel is expended, the ship's velocity has increased from rest to 
18,600 miles per second, approximately one-tenth of the speed of light. As the second tank of 
fuel is emptied, things seem to be going according to plan, although we hear the captain 
grumbling that somebody must have failed to fill the second tank completely full, because the 
ship has increased in velocity only an additional 18,500 or so miles per second on the second 
tank, somewhat less than on the first. Still, at this point the ship has a total velocity of slightly 
over 37,000 miles per second according to its instruments- almost one-fifth the speed of light- 
and it is still accelerating. 
 
On emptying the third tank of fuel, however, we find that something clearly is wrong, and the 
captain begins to wonder if someone is sabotaging the expedition. Tests indicated that this third 
fuel tank was full to begin with and contain only the highest-grade fuel, yet by the time it has 
been totally consumed the ship's velocity has increased only another 17,800 miles per second- a 
total so far of only 54,900 miles per second instead of 55,800 expected. 
 
Puzzled and angry now, the captain orders a second auxiliary engine into operation, and starts 
pouring fuel into both engines simultaneously. This seems to help at first; the ship accelerates 
more rapidly again for a while. But very soon its increase in velocity from both engines working 
at once is lagging far behind the expected velocity per unit of fuel consumed, according to our 
calculations. In fact, according to those calculations, if one tank of fuel increased the ship's 
velocity 18,600 miles per second, only tanks of fuel should have been necessary to achieve the 
light velocity of 186,000 miles per second, yet soon all those ten tanks of fuel have been 
expanded and we are dipping into our reserve supply, and the ship has still only reached a 
velocity of about 185,000 miles per second, a thousand miles per second short of our goal. And 
even though that ample reserve supply of fuel is dumped in faster and faster, we notice that the 
increase in the ship's velocity for each additional tank is becoming less and less. 
 
Finally, in desperation, our captain plays his last trump. Since this is an imaginary ship with 
imaginary equipment aboard, let's imagine that it is carrying with it a fanciful machine that will 
permit additional fuel to be transported to the ship instantaneously from any place in the 
universe. The captain sends out an emergency call for more fuel, and immediately the huge 
reserves of fuel begin pouring into the machine to be fed into the ship's engines. First a river and 
then a veritable flood of fuel pours into the ship and out the engines just as fast as it comes in, yet 
it seems that with each increase in the amount of fuel used, the increase in the ship's velocity 
falls off more sharply, dropping first from a run to walk and then to a bare crawl. 
 



But the captain is a determined and stubborn man. He has all the time in the world, and the ship 
is still accelerating, even though more and more slowly all the time. Months later, perhaps even 
years later, with the ship's velocity inching up more and more slowly all the time as more and 
more fuel pours in, it actually appears that the goal may be in sight. Even though the ship's 
velocity has been increasing, toward the end of this time, first just one mile per second at a time, 
then only a half mile per second at a time, then only a quarter of a mile per second at a time, as 
more and more fuel is poured into the engines, it has now attained a velocity of 185,500 miles 
per second- almost the speed of light. Flushed and excited by the imminent achievement of his 
gallant goal, our captain doubtless imagines that the ship is being cheered on from all sides 
throughout the universe. But then, suddenly, a frantic message is received from outside: 
 
“Cease and desist; you must abandon this flight.”  
“Abandon it!” the captain cries. “Why? We are finally almost within reach of our goal!” 
“Not so. You are not significantly closer to your goal now then you were when you began your 
journey,” the answer comes back. “Now you must stop at once; the entire universe is running out 
of fuel!” 
 
To those of us on board this seems to be extraordinary news indeed. As we said before, nothing 
whatsoever out of the ordinary seems to have happened in the course of this remarkable flight 
except that our ship has seemed to increase its velocity less and less as progressively more and 
more fuel has been expended. It is also true that we have not yet overtaken the speed of light, 
although we have so far exceeded our calculated necessary fuel consumption to get as far as we 
have that we are pretty disgusted with Mr. Newton and his laws by now. But all the same, our 
ship is still inching forward. As for other things, we have noticed no changes within the ship. We 
look the same to each other, seeing no evidence of this ridiculous “contraction” of our physical 
dimensions that Dr. Einstein had predicted ought to be occurring. The table in the ship's galley 
was 2.5 yards long at the beginning of our trip, and according to our own yardstick it is still 2.5 
yards long even though we are traveling with a velocity of 185,500 miles per second. No one on 
board has grown taller or longer or wider or thinner as far as we can observe. 
 
What is more, our clocks and watches continue ticking at the normal rate of speed. We still seem 
to get hungry at the usual mealtimes, and we still seem to need eight hours of sleep out of 
twenty-four (all measured by our clock). True, the trip so far has taken months or even years 
longer than we expected it to take, but no one on the ship seems to be growing perceptibly older 
or younger. In fact, the only change that we really can observe at all is that we seem to be 
receiving poorer and poorer quality fuel all the time, and that we are in fact not approaching the 
velocity of light very fast, close as we have come. Indeed, the closer we approach it, the more 
slowly we seem to accelerate through that last 500 miles per second. And now, to add insult to 
injury, we receive this ridiculous message that the entire universe is running out of fuel just to 
meet the insatiable demand of our ship's engines! What is wrong? What is happening? To find a 
clear answer to these questions, we must step aside from the ship and look at this whole 
imaginary voyage from the position of an outside observer who is not traveling along with the 
ship. 



A VOYAGE TO THE LIGHT LIMIT: VARIATION 2 
 
 
Suppose that from the very start there were a group of observers interested in watching our ship's 
voyage “from outside looking in” so to speak, and suppose (since this is an imaginary voyage 
anyway) that they were able to watch our progress, make measurements of our ship and things 
aboard it, even observe dials on our watches, all from some kind of imaginary fixed platform out 
in space- in other words, from a vantage point that was not moving at all. Of course we recall 
that Einstein contended that no such “fixed immovable reference point” exists anywhere in the 
universe, but there is no reason we cannot imagine such a thing just to go along with the game. 
Granted this, what would the observers watching from that imaginary space platform have 
observed during out ship's remarkable voyage? They would have observed a number of things 
that were quite different indeed from what we aboard the ship observed at the same time.  
At first, near the beginning of the voyage, these observers would have noticed very little that was 
different from what we noticed. While the ship was still traveling at relatively low velocities, 
they would gave come up with much the same measurements of dimension, time, and mass that 
we came up with, and if any discrepancies were noted at all between their observations and ours, 
we would be tempted to chalk them up to a very minor degree of instrument error. 
  
But by the time our ship had expended its second tank of fuel and had reached a velocity 
approaching one-fifth the speed of light, these outside observers would have begun noticing 
changes that we aboard the ship did not notice at all, and by the time the third tank of fuel had 
been consumed these changes would have become quite dramatic. First, these outside observers 
would have noticed that our ship seemed to be getting measurably shorter from bow to stern than 
it was at the beginning of the voyage, and that everything aboard it (including the crewmen 
themselves and the yardstick they were using to measure things aboard the ship) was also 
beginning to contract or shrink in the fore-and-aft dimension. 
 
Furthermore, about the time that our ship's captain was beginning to complain seriously about 
the quality of the fuel or the question of sabotage because the ship was not increasing in velocity 
as rapidly as it ought to be, these outside observers discovered something that our captain had 
failed to notice at all. “The man's crazy,” they would say. “There's nothing wrong with his fuel, 
nor any evidence of sabotage that we can see. But look what's happening to the ship's mass! It's 
taking on ballast like crazy from somewhere; our measurements show that the ship is far more 
massive than it was at the beginning. Of course a tank of the same grade fuel can't move that ship 
forward as fast as the last tank did when the ship's mass has increased so much! Doesn't he know 
what's happening to his own ship? Something must be wrong with his measuring instruments. 
Why, look! Even his clock is running slow!” 
 
And indeed, so it is, as observed from this fixed observation post out in space. Furthermore, as 
more and more fuel is poured in and the ship's velocity continues to increase, these changes in 
the linear dimensions of the ship and its crewmen, this increase in the mass of the ship, and this 
slowing down of the ship's clock all become increasingly noticeable to these outside observers. 
By the time the ship has reached the velocity of one-half the speed of light (approximately 
93,000 miles per second) their measurements show that the total mass of the ship has increased 
by almost 14 per cent, though where the ship is taking on all this ballast remains a mystery. 



From that point on, every extra thousand miles per second increase in the ship's velocity is found 
to be accompanied by a progressively greater increase in its mass, so that by the time it has 
achieved a little over eight-tenths the speed of light (approximately 150,000 miles per second) 
our observers find that the ship's mass has become fully twice what it was at the beginning of the 
trip. 
 
At the same time, other measurements these observers have been making have become grotesque 
indeed- it seems that either their eyes are lying or their instruments are. Observed with radar, the 
ship by now appears very markedly squashed from front to back, and while the men aboard 
remain quite as tall as ever in the radar, they are beginning to look more and more like cardboard 
figures, very thin from front to back. Most puzzling of all, the ship's clock is seen to be running 
progressively slower and slower until at this point it seems to be losing over two hours for every 
three that the clock on the observation platform ticks off. 
 
“Can't they see what's happening?” one of the men on the observation platform cries. “Look at 
them! They are going around measuring things with that ridiculously twisted yardstick and they 
don't even seem to notice any difference at all! And don't they know that their clock is running 
slow? See how slowly they're moving! The whole ship's activity is like watching a slow-motion 
movie. And according to our clocks, they're sleeping more than twenty-four hours at a stretch 
and then standing forty-eight-hour watches! How can anybody keep going that way?”  
No one on the observation platform has any answers to these questions, but one of the observers 
comes up with an even more baffling question- the key to the question in the whole mystery: 
“What's happening to all the fuel that they're burning? That ship is gulping down fuel like a 
bottomless pit, and all it does is increase in mass. Its velocity isn't increasing worth a damn 
anymore.” 
 
Although he might not realize it, that acute observer has hit the nail on the head. The truth is that 
the accelerating ship has become less than a bottomless pit. As long as this insane adventure is 
continued, as long as that ship is fed all the fuel that it demands to produced more and more 
energy to increase its velocity further, it will continue to gulp down more and more fuel and 
continue to increase its velocity by less and less until, quite literally, the universe runs out of 
fuel. And even at that incredible extreme, the ship will still not have achieved the speed of light. 



THE MYSTERY OF THE VANISHING FUEL 
 
 
What has been going on here in this imaginary space flight? Two things are obvious: first, that 
neither the crewmen on the ship nor the outside observers see the whole picture; and second, that 
the key to the mystery is somehow related to the energy provided by the fuel and the increasing 
velocity of the ship. 
 
The captain's main problem was that in calculating the ship's fuel needs for this journey he had 
assumed Newton's classical laws of motion to be universally valid, and then used the Galilean 
transformation equations to determine how much fuel he would need to increase the velocity to 
and beyond the velocity of light. At first his calculations fitted the situation splendidly, up to and 
even somewhat beyond one-tenth the speed of light. But from that point on the results of his 
calculations began vary more and more widely from what he actually found happening. 
 
According to Galileo's equations and Newton's classical laws of motion, so much fuel producing 
so much thrust over such and such a period of time should have increased the ship's velocity by a 
specific calculable amount. And it did just that, so long as the ship's velocity was relatively slow- 
up to 20,000 or 25,000 miles per second. From that point on, Galileo's equations did not work so 
splendidly. Having moved past and through the “low-velocity” area in which Galilean 
transformation equations are so close to accurate that any inaccuracy is negligible, the ship then 
entered into higher and higher velocity areas in which the Galilean equations simply went farther 
and farther askew. The captain and the crew began to notice only that the fuel no longer 
produced the increase in velocity it was expected to. The outside observers began to notice other 
changes, and the faster the ship moved, the more widely the measurements of these two sets of 
observers- those inside the ship and those observing from outside- began to differ. 
 
In fact, if we could have polled both sets of observers at the same time, we would have found 
that there was one and only one thing that both the ship's crew and the outside observers were 
measuring exactly the same: the velocity of the ship with respect to the velocity of light. 
Everything else they saw differently. The ship's crew were not aware of any increase in the ship's 
mass, while the outside observers noticed this more and more. The ship's crew were not aware of 
any changes in their linear dimensions; yet these changes became more and more noticeable to 
outside observers. The crew on the ship were not aware of any change in the accuracy of the 
ship's clock, while the outside observers were more puzzled by the progressive slowing down of 
the ship's clock that they observed than perhaps by anything else. But both sets of observers were 
clearly aware that the ship was increasing its velocity more and more slowly all the time at the 
cost of an increasingly enormous amount of energy in the form of expensive fuel sent to the 
engines. Where was all that fuel going? 
 
The answer lay in Albert Einstein's special theory of relativity. Both the crewmen on the ship and 
the outside observers could have figured out the answers in advance had they used the Lorentz 
transformation equations instead of the transformation equations of Galileo. Certainly they 
would have discovered that the amount of fuel planned for the trip was going to be grossly 
inadequate. They could also have predicted that the outside observers would observe a 



“contraction” or shrinking in linear dimensions of the ship (which the crewmen would not 
observe) as well as an increase in the ship's mass (which the crewmen could not observe, either). 
What about this change in mass observed by the outsiders but not by the insiders? Did the ship's 
mass increase or didn't it? Indeed it did, just as everything inside the ship increased in mass 
proportionately. In fact, the ship and its contents began increasing in mass from the very 
beginning of its voyage, although the increase at first was imperceptible and immeasurable by 
anyone. This increase in mass continued on a progressive scale as the ship and its contents 
moved faster and faster- but everything on board including all the ship's measuring instruments, 
scales, and yardsticks also increased in mass so that there was no way that those aboard could 
discover that this change was taking place. Only an outside observer could have noticed or 
measured this change. The only clue that the captain of the ship had to indicate that his ship's 
mass was increasing more and more rapidly as its velocity approached closer and closer to the 
speed of light was the one thing that he did observe: that he was dumping more and more fuel 
into his engines and getting less and less speed change in return. 
 
But this still does not solve the mystery of the disappearing energy. It was clear to all observers, 
inside the ship or outside it, that the increasing amount of energy produced by the increasing 
amount of fuel burned was not increasing the velocity of the ship proportionately. Then where 
was all the energy going? Again, Albert Einstein had the answer. More and more of that 
increasing amount of energy supplied by that increasing consumption of fuel was being 
transformed into mass instead of providing additional thrust. And with this happening, the ship 
was caught up in a vicious circle: the more its mass increased, the more inertia the ship had, and 
thus the more energy had to be applied to increase the ship's velocity further, and yet as still 
more energy was applied, a greater and greater proportion of it was transformed into mass to 
start the circle all over again. 
 
If the ship's captain had known of Einstein's special relativity theory and had known enough to 
use the Lorentz transformation equations in figuring his fuel consumption on the trip, he would 
have realized that his expedition was doomed from the start. Even so, of course, he might have 
been stubborn and insistent. He might have decided to go to the outside extreme in quest of his 
goal, and commandeered all the fuel in the universe for his ship. Would he not, then, finally have 
reached the speed of light? 
 
The answer, of course, is no- and now we can see why. “All the fuel in the universe.” Taken 
literally, would have to mean all existing energy in the universe in any form whatever, together 
with all the solid matter in the universe transformed completely into energy, with all this applied 
to the goal of increasing his ship's velocity a little bit more and a little bit more. This would mean 
that every star, every planet, every single tidbit of solid matter in every galaxy of the universe, 
combined with all the bits and pieces of matter scattered hither and yon in the form of dust and 
gas throughout the empty reaches of space would somehow have had to be transformed into pure 
energy to supply this one ship. And even at this extreme, with all this supply of energy, the ship 
would at best merely have approached close to the speed of light. The sacrifice of nine-tenths of 
the total mass of solid matter throughout the entire universe, all transformed into energy for the 
ship, would still have left the ship running short of its goal of light speed, because of the vast 
proportion of all that energy would have been retransformed into the ever-increasing mass of the 
ship itself. 



 
In order for that ship's velocity merely to equal the velocity of light, even the totality of mass-
energy in a finite universe, including the energy derived from the mass of the ship itself, would 
not have been sufficient. An infinite amount of energy would have been required. Thus, if our 
entire universe, unthinkably how huge it is, is nevertheless finite in dimension, the sum total of 
all the mass-energy it contains could not have increased the ship's velocity quite to the speed of 
light. If, on the other hand, our universe is infinite in dimension, then we must suppose that the 
goal could barely have been reached- the ship's velocity could have just equaled the velocity of 
light- only upon the sacrifice of all the infinite amount of mass-energy in that entire infinite 
universe. And by that time all of the mass of the ship and its crewmen would also have been 
transformed into energy as well, in the form of light or other electromagnetic waves, to race 
endlessly at the speed of light through a universe empty of anything else. From a practical point 
of view, it would seem a rather poor bargain. 


