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Perhaps the most exciting technology of the Star Trek universe is the warp drive. With its two enormous warp nacelles, the Enterprise can zip from star system to star system at speeds well above that of light itself. And what makes this technology so interesting is that while it is not actually feasible to go this fast, it is possible — at least as far as the laws of physics are concerned — and warp is the only way to do it. 

It appears Gene Roddenberry and the other writers clearly knew what they were doing when they dreamed up warp technology. Not only did it make for exciting chase scenes, it also meant the crew could actually explore the galaxy without inevitably becoming ancient old geezers in the process. Such would be the case if the Enterprise were stuck doing sub-light speeds. That's because even traveling at the speed of light it would take more than 4 years to reach Earth's nearest star, Proxima Centauri. Obviously, you have to go faster than the speed of light if you want to seek out strange new life and keep an audience at the same time. 

Now, wait, I can hear you say. Einstein's theory of relativity says nothing can travel faster than the speed of light. And certainly, you'd be right. 

According to Einstein, as a starship started traveling at speed approaching the speed of light, strange things would begin to happen. To the crew of the starship, everything aboard would appear fine. But to a stationary observer, time aboard the ship would appear to be passing more slowly. The ship would appear to become shorter and its crew thinner. And most importantly, the ship would appear to become heavier - so much heavier that, eventually, it would require infinite energy to accelerate just as it was about to achieve the speed of light. 

But if you were to warp space, light speed and faster-than-light speed suddenly becomes a possibility. 

Warping space?!? That's ludicrous, I can now hear some of you saying. 

	


According to Lawrence Krauss, chairman of the physics department at Case Western Reserve University and author of The Physics of Star Trek, this isn't just possible — it's happening right now. That's because according to Einstein's theory of relativity space, as we know it, isn't static. It's highly elastic. 

Anything that has mass will warp space (actually, compress is probably a better word than warp, but let's stick with the language of Star Trek). And the bigger the mass, the greater its warping effects. Extremely massive objects, like stars, are good at warping space. Black holes, which are the super-massive remnants of large, burned-out stars, are extremely good at warping space. 

Mass isn't the only thing that warps space, Krauss says. The whole of the space containing our universe is warping as we speak and it always has been. 

"The universe is, itself, expanding," he says. "And relative to a galaxy at the other end of the universe we're actually moving away from that galaxy at (nearly) the speed of light, even though we feel like we're standing still." 
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"So if you can turn space into a dynamical quantity, which Einstein's theory of relativity says you can in — principle, if not in practice — you can develop warp drive." 

How would a warp drive work? Imagine you have just set off from one space station in a modest rocket ship, Krauss says, on your way to another space station several light-years away. Now imagine turning on a device that warps the space around you, stretching out the space behind you and compressing the space in front of you. Now the space station that was right behind you is now light years away, while the station that was an impossible distance away just moments ago is now close enough to reach using your conventional rockets. And the neat thing is, at no point would you have approached the speed of light. 

While Krauss says this kind of travel is possible as far as relativity is concerned, he doesn't think it will ever actually happen. 

"But that's one of the nice things, from my point of view, about thinking about Star Trek," he says. "You can get rid of what's practical and think about what's possible in the universe. Because we have a long time, if our civilization survives." 
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Of all of Star Trek's fantastic technologies, surely none has had such an impact on our culture as the transporter. Just about everyone has, at some point in their lives, uttered the words, "Beam me up, Scotty." And how many countless airline travelers must also have secretly wished for a transporter, while sitting in an airport transit lounge halfway through a 10-hour flight? 

In one deft move, the writers of the original Star Trek series created a technology that simultaneously solved a story-telling nightmare - of explaining how the crew manages to move quickly from planet to ship - and set the imagination of the television-viewing public alight. A slide of a few tiny switches and a pulse of sparkly light are all that's needed to send a person to another planet. parts: 

· A  SCANNER which takes a precise snapshot of every molecule or atom in your body 

· An ENERGIZER which removes said particles and converts them into a stream of matter 

· A PATTERN BUFFER which holds the stream in one place until it is ready to be sent off to its final destination 

· A set of EMITTER PAD ARRAYS which focuses the matter stream at said destination and reassembles the matter in its original form. 

At least that's the explanation one gets from the Star Trek: The Next Generation Technical Manual. According to some shows, what is transmitted is not a matter stream but pure energy (as in the Next Generation episode Lonely Among Us) or at least information (In The Enemy Within a transporter malfunction creates two Kirks - one aggressive, the other passive, but otherwise identical to the original Kirk). 

Lawrence Krauss, author of The Physics of Star Trek, says the chances of transporting a living, breathing human being is zero (not extremely low, not extremely remote - zero). But modern science has already succeeded at another form of teleportation - that produces a physical change in one place from another location without any connection existing between the two. 
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Researchers at the California Institute of Technology, Aarhus University in Denmark and the University of Wales have all claimed to have achieved real teleportation. What they transported wasn't any person or object - it was the quantum property of a photon or light particle. 

This feat relies on an unusual feature of quantum mechanics - the set of rules that take over from normal, Newtonian laws of physics as things become very, very small. Quantum mechanics may appear to be completely nonsensical and go against everything we know about physics, but it actually works.

This particular feature is called quantum entanglement and it happens when you create two particle twins from a single sub-atomic particle. The quantum properties of such particles will always be opposite, no matter how far apart they get. Change one, you instantly change the other - even if the particles are at opposite sides of the universe, the change will be instantaneous. Albert Einstein called this "spooky action at a distance." 

This paradox has existed on paper for more than 50 years. But it wasn't until more recently that researchers were able to prove this process actually works, that it's been happening in nature since the dawn of time and that it could be exploited by humans to achieve bona fide teleportation.

In a nutshell, the scientists took advantage of quantum entanglement to produce two special, 'entangled' beams of light, one the mirror image of the other. By measuring (and thereby changing) the quantum state of one of these light beams, they managed to measure a change in the quantum state of the other. 

Caltech's experiment went a step further: there, researchers combined an input beam with one-half of two entangled beams, sent information about the new, combined light along a non-quantum, classical communications channel to a receiver. The receiver then combined that signal with the second entangled beam, recreating the original input beam! 

While this isn't quite the same as beaming an apple or a lab rat or Captain Janeway to the other side of the Earth, it is a stunning achievement. And even though it is unlikely ever to lead to a Star Trek-style transporter, its possibilities for future super-fast or super-secure communications systems (including quantum computers) is boundless. 


Along with warp drive and the transporter, the holodeck has to be the crowning technological achievement of the Federation. The entirely synthetic - but entirely believable - holographic environments have been used to help crews relax and keep fit. They've helped solve complex scientific and engineering puzzles. And on Voyager, it's been used to keep certain crewmembers alive, while on the Enterprise, its periodic hiccups have nearly cost some of the crew their lives. 

At least according to the Star Trek: The Next Generation Technical Manual, the holodeck is a symphony of several advanced technologies. At its heart are the hundreds of "holo diodes" embedded in the walls, floor and ceiling of every holodeck chamber. These tiny devices produce a high quality hologram good enough to fool the eye. Meanwhile, a myriad of tiny force field generators give these apparitions their tactile feel - making a kiss feel like a kiss and a punch feel like something else entirely! Force fields also keep a person in one spot and prevent subjects from walking into the holodeck's walls. Throw in replicator technology and you can produce food and even distinctive odours. 

Pretty outlandish, eh? 
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It may come as a surprise to you that researchers at MIT's famous Media Lab have developed a computer-controlled holography system that can actually generate completely animated, full-colour, stereoscopic images on the fly at nearly the same speed as video. The images are small - one of their machines can produce holographic objects that are no larger than a sugar cube but that appear to float against the projector at a speed of around 20 frames per second. Another can produce much larger images (15cm X 15cm X 7.5cm), but at only about 2.5 frames per second. 
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Professor Stephen A. Benton, head of MIT's Spatial Imaging Group, says two of his students have even tied one of these devices to a force-feedback device which can give the definite impression of real interaction with the holographic image. 

"So you can actually go in and tap on the object and poke around and feel its surface," Benton says. "It's got a bumpy surface with a little bit of stickiness. And if you push harder, you can actually carve the surface. So we're slowly adding the bits and pieces." 

In the not-to-distant future, Benton says entire arrays of more powerful holographic generators could line the walls of holodeck-style rooms. But he's not predicting any Deep Space 9 holosuites just yet. These machines likely will be too expensive for entertainment. He says it's more likely they could be used to simulate difficult or dangerous situations - an ideal teaching tool for surgeons or development tool for architects and engineers. 
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Besides, Benton says, if you want a simulated environment to relax in, there are other, more promising ways to go. 

"The horserace for that is with direct wiring into the brain. That may happen first," he says. "Marvin Minsky, who's our Artificial Intelligence maven at MIT, is convinced that holography is a waste of time because we're going to jack directly into the (brain's) cortex before holography gets that far." 

Benton says, though, holography today is very primitive. Compared to the development of television, he says, we're still only around the year 1920. 

"We're only 60 or 70 years behind. So by the time Star Trek is ready, we'll be ready. They may have even gotten the timing just about right." 


As plot devices go, the tricorder — whether in the hands of Spock, Tom Paris or even bumbling Reg Barclay — is a stroke of genius. With one of these trusty devices in hand, a crewmember can gain (and pass on to the viewer) valuable information about his environment without being an expert in planetary sciences, geology, meteorology, chemistry or electromagnetics. 

No need for a laboratory. It can detect life forms from a distance of several kilometres, analyze the composition of rocks and call up entire libraries of information. It even can detect subtle subspace distortions. And it looks pretty, too. 

	


The Star Trek: The Next Generation Technical Manual makes it sound like the tricorder is a masterpiece of miniaturization. Its users in the 24th Century can count its 235 mechanical, electromagnetic and subspace devices. Its faceplate display is completely dynamic, taking specialized appearances depending upon which device is in use at that moment — it can even be customized to suit the preferences of its user. 

The tricorder can be augmented with further highly specialized peripherals. For instance, placing the medical peripheral on the end of a standard tricorder gives it another 86 devices for testing biological function. 
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	Dr. Beverly Crusher uses a medical tricorder in Star Trek Insurrection.


Certainly, aside from its size, the tricorder isn't that far removed from today's top scanning technologies. 

Functional Magnetic Resonance Imaging allows doctors to see detailed, 3D images of hard-to-get-to places in a patient's body during complex operations. Ground-penetrating RADAR is used to detect valuable mineral deposits, unmarked gravesites and unexploded mines. And Doppler RADAR can spot potentially deadly tornadoes even before they form. 

	[image: image8.jpg]




	The Flashlight RADAR can pick up a heartbeat even behind a closed door.


But some startling hand-held devices are already beginning to show up, as well. And one of those that would attract the attention of Dr. Crusher is a device invented by scientists at the Georgia Institute of Technology. 

Gene Greneker, a principal research scientist at the Georgia Tech Research Institute, says the roots of the tool go back to the mid-1980s. That's when the U.S. Army asked researchers there to come up with a highly portable tool that would help their soldiers detect the life signs of wounded soldiers at a distance. The goal was to help soldiers find out whether fallen comrades were alive or dead before any dangerous attempts were made to pull them off the battlefield. 

Their RADAR flashlight can detect a heartbeat from a distance of 3 metres, even when solid wooden doors or concrete block walls 20 centimetres thick are in the way. The device emits a very weak RADAR beam. As the beam meets obstacles, such as a wall or a plant or a living person, tiny amounts the signal are reflected, like a sound-wave echo, which are then measured by a receiver in the flashlight. By carefully analyzing the returning signal for tiny changes, the RADAR flashlight can detect the minute motion of the chest wall as it flexes with each heart beat. 
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	Georgia Tech's RADAR flashlight.


Security officers would love this device. It could tell a prison guard if an inmate was hiding behind a door. Police could use it to detect an ambush before they enter a room or even detect the number of people inside a room during a hostage-taking. And while it's great for spotting people who don't want to be found, it's also good for helping people who do. Greneker says the device may ultimately be used to detect unconscious earthquake victims who are buried beneath tonnes of rubble. 

It also has scientific uses. Greneker says an earlier version of the flashlight was used during the 1996 Atlanta Olympics to test champion shooters to see whether they timed their shots between heartbeats. At a distance of about 100 metres, it could reliably monitor the condition of a subject without the person being conscious that they were being monitored. 
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	Captain Jean-Luc Picard (Patrick Stewart) packs some heat!


For a peaceful people, the Federation of Planets sure does have some remarkably terrifying weapons. In the 24th Century it appears the best defence is a strong offence. Photon torpedoes, pulse cannons and, more recently, quantum torpedoes pack a pretty hefty punch. But the single most popular weapon will probably always remain the phaser, which is carried by security officers, away parties and starships alike. 

How these weapons work isn't precisely clear. According to the Star Trek: The Next Generation Technical Manual, this weapon gets its name from an earlier weapon (phased energy rectification), but little else. It emits a glowing beam of light energy. Handheld models can stun humanoids at lower settings or vaporize solid rock without explosion at its highest setting. Ship's phaser banks can vaporize large areas and can be modulated to evade shields to disable enemy spacecraft. 
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	Lt.Cmdr. Data draws a bead with his phaser.


While today's top scientist cannot hope to match the phenomenal versatility of this weapon any time soon, some pretty impressive systems are being developed. 

Mark Hewish, technology editor for Jane's International Defense Review, says efforts are being focused on beefing-up existing versions of the laser (which stands for Light Amplification by Stimulated Emission of Radiation). 
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	The Tactical High Energy Laser


China has displayed one apparently successful battle laser. Its rifle-mounted laser weapon is designed to be fired into the eyes of enemy soldiers, blinding them and leaving them unable to defend themselves. Until just a few years ago American scientists were also working on such a weapon until the public forced them to stop. The prospect of permanently blinding thousands of young men was considered too high a cost to pay for a bloodless weapon. 

Hewish says laser weapons have met with considerably greater success as a defence against enemy missiles. A joint American-Israeli project has come up with the Tactical High Energy Laser, a weapon that's expected to be deployed on Israel's northern border by the end of 1999. It uses a high-energy laser to burn through the skin of an enemy missile as it flies overhead, igniting its fuel tanks and blowing it to pieces. Tests in the U.S. have shown this technology to work. 

	


The U.S. Air Force's Airborne Laser project is a more ambitious plan to mount extremely powerful lasers aboard seven modified Boeing 747 jets. The lasers would have an effective range of 400 kilometres and would destroy enemy weapons before they can reach their targets. 

The most futuristic plan, Hewish says, is to build a space-based laser, similar to the Airborne Laser, which would pick off enemy missiles not long after they left their launch pads - raining wreckage back on the army that fired the weapon in the first place. 

Ultimately, though, Hewish says he does not expect these energy-based weapons to eclipse conventional bullets, shells and missiles. 

"They don't offer any specific advantage," he says. "If they were one tenth the cost of a rifle, great, that would be one reason for developing them. If they had ten times the range or if they could do all sorts of other jobs as well, those would all be good reasons. But that's just not the case." 
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