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Not only was Einstein aware of the strange behavior of the Einstein-Rosen bridge, he also 

realized that is equations allowed for time travel. Because space and time are so intricately 

related, any wormhole that connects two distant regions of space can also connect two time eras. 

 

To understand time travel, consider first that Newton thought that time was like an arrow. Once 

fired, it traveled in a straight line, never deviating from its path. Time never strayed in its 

uniform march throughout the heavens. One second on the earth equaled one second on the 

moon or Mars. 

 

However, Einstein introduced the idea that time was more like a river. It meanders through the 

universe, speeding up and slowing as it encounters the gravitational field of a passing star or 

planet. One second on the earth is different from one second on the moon or Mars. (In fact, a 

clock on the moon beats slightly faster than a clock on earth.) 

 

The new wrinkle on all of this which is generating intense interest is that the river of time can 

have whirlpools that close in on themselves or can fork into two rivers. In 1949, for example, 

mathematician Kurt Gödel, Einstein's colleague at the Institute for Advanced Study at Princeton, 

showed that if the universe were filled with a rotating fluid or gas, then anyone walking in such a 

universe could eventually come back to the original spot, but displaced backward in time. Time 

travel in the Gödel universe would be a fact of life. 

 

Einstein was deeply troubled by the Einstein-Rosen bridge and the Gödel time machine, for it 

meant that there may be a flaw in his theory of gravity. Finally, he concluded that both could be 

eliminated on physical grounds i.e., anyone falling into the Einstein-Rosen bridge would be 

killed, and the universe does not rotate, it expands, as in the Big bang theory. Mathematically, 

wormholes and time machines were perfectly consistent. But physically, they were impossible. 

 

However, after Einstein's death, so many solutions of Einstein's equations have been discovered 

that allow for time machines and wormholes that physicists are now taking them seriously. In 

addition to the rotating universe of Gödel and the spinning black hole of Kerr, other 

configurations that allow for time travel include an infinite rotating cylinder, colliding cosmic 



strings, and negative energy. 

 

Time machines, of course, pose all sorts of delicate issues involving cause and effect i.e., time 

paradoxes. For example, if a hunter goes back in time to hunt dinosaurs and accidentally steps on 

a rodent like creature who happens to be the direct ancestor of all humans, does the hunter 

disappear? If you go back in time and shoot your parents before you are born, your existence is 

impossibility. 

 

Another paradox occurs when you fulfill your past. Let's say that you are a young inventor 

struggling to build a time machine. Suddenly, an elderly man appears before you and offers the 

secret of time travel.  

 

He gives you the blueprints for a time machine on one condition: that when you become old, you 

will go back in time and give yourself the secret of time travel. Then the question is: where did 

the secret of time travel come from? The answer to all of these paradoxes ultimately may lie in 

the quantum theory. 

 

 Problems with Wormholes and Time Machines 

 

 

Although time machines and wormholes are allowed by Einstein's theory, this does not mean that 

they can be built. Several major hurdles would have to be crossed to build such a device. 

 

First, the energy scale at which these space-time anomalies can occur is far beyond anything 

attainable on earth. The amount of energy is on the order of the Planck energy, or 1019 billion 

electron volts, roughly a quadrillion times the energy of the now-canceled Superconducting 

Supercollider. In other words, wormholes and time machines might be built by advanced Type I 

or more likely Type II civilizations, which can manipulate energy billions of times larger than 

what we can generate today. (Thinking about this, I could imagine how Newton must have felt 

three centuries ago. He could calculate how fast you had to leap to reach the moon. One had to 

attain an escape velocity of 25,000 miles per hour. But what kind of vehicles did Newton have 

back in the 1600s? Horses and carriages. Such a velocity must have seemed beyond imagination. 

The situation is similar today. We physicists can calculate that all these distortions of space and 

time occur if you attain the Planck energy. But what do we have today? "Horses and carriages" 

called hydrogen bombs and rockets, far too puny to reach the Planck energy.) 

 



Another possibility is to use "negative matter" (which is different from antimatter). This strange 

form of matter has never been seen. If enough negative matter could be concentrated in one place, 

then conceivably one might be able to open up a hole in space. Traditionally, negative energy 

and negative mass were thought to be physically possible. But recently the quantum theory has 

shown that negative energy is, in fact, possible. The quantum theory states that if we take two 

parallel uncharged metal plates separated by a space, the vacuum between them is not empty, but 

is actually frothing with virtual electron antielectron annihilations. The net effect of all this 

quantum activity in the vacuum is to create the "Casimir effect" i.e., a net attraction between 

these uncharged plates. Such an attraction has been experimentally measured. If one can 

somehow magnify the Casimir effect, then one can conceivably create a crude time machine. 

 

In one proposal, a wormhole could connect two sets of Casimir plates. If someone were to fall 

between one set of Casimir plates, he would be instantly transported to the other set. If the plates 

were displaced in space, then the system could be used as a warp drive system. If the plates were 

displaced in time, then the system would act as a time machine. 

 

But the last hurdle faced by these theories is perhaps the most important: they may not be 

physically stable. It is believed by some physicists that quantum forces acting on the wormhole 

may destabilize it, so that the opening closes up. Or the radiation coming from the wormhole as 

we enter it may be so great that it either kills us or closes up the wormhole. The problem is that 

Einstein’s equations become useless at the instant when we enter the wormhole. Quantum effects 

overwhelm gravity. 

 

To resolve this delicate question of quantum corrections to the wormhole takes us to an entirely 

new realm. Ultimately, solving the problem of warp drive, time machines, and quantum gravity 

may involve solving the "theory of everything." So in order to determine whether wormholes are 

really stable, and to resolve the paradoxes of time machines, one must factor in the quantum 

theory. This requires an understanding of the four fundamental forces. 
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