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To Sarah

“My rule is there is nothing so big nor so crazy that one out of a million technological societies may not feel itself driven to do, provided it is physically possible.”

— Freeman Dyson
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This is Book 2 of the story Null Infinity. It may be followed by at least one more book, maybe more. Since I foresee this as being a long story, I have chosen to split it up, hopefully in such a way as to make sense and not be an irritant to the reader.

The reader may ask whether they should read the first book before this one. I'd say it depends. I think one can follow the plot in this book without reading the first one. However, if one particularly enjoys extrapolated science in their science fiction, then it might make more sense to read the first book since there are many details there that introduce the science. If one only wants to read this book and the detailed extrapolations of science, then there is a science appendix.

With that out of the way, let me say something about the science in the story. Some of the science is a continuation of that found throughout my previous Future Chron Universe. Unlike in most of those stories, I am not going to explain the science in one (or more) paragraphs at the beginning of a chapter. I intend to integrate the necessary explanation into the text of the story. I'm told that this is not the way it's done in “modern” science fiction, indeed, it's a barely literate way of writing. However, since I love extrapolated science in stories, I intend to do it this way in mine.

Also, because the science is an integral part of my stories, and because I love speculation but not outright fantasy, I try to never just make up the science or technology without having a basis for it. Most of the ideas come from science articles (see the Acknowledgments section in the back of this book) or books I have read and then used as if the author (usually a scientist) were describing an existing technology or a tested scientific theory.

To put it another way, I've been rereading some of Jules Verne's novels and am noticing his rather lengthy science/technology extrapolations in the text itself, which I enjoy very much.

However, I have to admit that the science in this book (large extra dimensions and brane worlds) is very, very speculative. Scientists have been looking for some clue of confirmation for these theories a very long time, and still haven't found anything, so it may not happen. But it was fun to speculate.

Also, a short word about the date system I use. In this story (and most of my stories), if I use a date, I know I am using the antiquated dating system, A.D. I blame this on the book Daybreak – 2250 A.D. by Andre Norton, which I read some time in elementary school (and of which I recently bought an old paperback copy). I was so imprinted early with that dating system that I think it sounds cooler than C.E. No social, political or any other kind of statement is meant.
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Space Drives was incorporated in Texas near the university as a non-profit. Dr. Lauren Stimson was CEO, her husband Dr. Harry Stimson was Head of R&D, and Dr. Bob Mills, Lauren's former thesis adviser, was Chief Scientist. Harry had wanted to involve his former boss Dr. Maxwell Zee, but he was still missing, in Africa.

So far, Lauren was the only full-time employee. Harry and Dr. Mills were still teaching at the university.

Harry and Lauren were home from work at their apartment, preparing dinner when he told her something that had happened to him at school that day.

“I'm going to meet a potential investor group in Dallas tomorrow honey,” he said, as they sat down to eat. “They contacted me at my office at school today, I'm not sure how they heard about Space Drives though.”

“It would be great if we could get enough investment to get some equipment. I could set it up and begin some preliminary experiments,” she said.

“Well, let's hope for the best,” he said.

Harry would be meeting the investors at the airport. He was there holding a sign with his name on it the next day when he thought he saw someone he recognized. Three men from arrivals walked up to him.

“Harry,” said the first man who reached out to shake Harry's hand.

“Billy,” Harry said, after a moment of confusion. “Are you with the investors?”

“Yeah, I am,” said Billy Williams, who had gone to school with Harry at Georgia Poly. Billy then introduced him to the other two men.

“Why don't we go into the Signet Restaurant and get a bite,” Billy said.

They all walked into the airport restaurant and sat down. The restaurant was upscale with a two-story view of the airport runways. The waitress was very attractive.

After ordering, Billy began, “Harry, I've been keeping up with you. You've got quite a good track record with the SCR detector. That's what convinced the investment firm I work for to take a look at this new company you've set up. You are looking for investors, aren't you?”

“Yes, we are Billy,” Harry said, who proceeded to tell them about the company and what they were trying to do.

Harry told the investors that Space Drives had been founded to pursue a new, promising type of space transportation system. The idea was based on Dr. Maxwell Zee's work with spacetime bubbles, an idea Lauren and Harry had helped with when they were students.

He explained that the latest theory of spacetime bubbles held that they were a graft of an extra-dimensional three-space onto an ordinary spacetime and that the three-space could “move” at superluminal velocities on that spacetime, not in spacetime but on spacetime.

“Think of a surfer on a wave,” Harry said. “Our spacetime is the water, the spacetime bubble is the surfer. And the surfer moves in the “water,” our spacetime when below light speed. Once above light speed he moves in the “atmosphere,” which is the bulk as the extra-dimensional space is called.”

The extra three dimensions that created the bubble were “borrowed” he said, from a submicroscopic object found at every point in spacetime called a Calabi-Yau manifold, which was six dimensional.

“Is that that string theory stuff where you need all those extra-dimensions that are rolled up?” asked one of the men.

“That's right,” Harry said, “they are compactified and invisible ordinarily.”

He then returned to his presentation to emphasize that the three-space was not in spacetime but on spacetime, in the bulk and, because of that, superluminal speeds were possible. He concluded and asked for questions.

“Exactly how do you foresee this space drive being used Dr. Stimson? I mean, who will be the customer?” said one of the men.

“I expect in the beginning it will be government,” Harry said.

“Well, that could be a problem,” said the other man, Kendall Bridges.

“I disagree Kendall,” Billy said. “The government will be an excellent first customer. Defense funding can help us with development costs. Commercial interests would balk at that kind of support.”

“Maybe,” said Kendall who seemed to take offense.

“How long Dr. Stimson do you think it will be before we have a prototype to show?” asked the first man.

“Well, there is a lot of science already done,” Harry said, “but almost no engineering. So, we are looking at quite a lot of development. A proof of concept, maybe months, but an actual prototype? Probably a year. Of course, it also depends on the number of resources we have to apply to the project.”

“So, what we need from you Dr. Stimson,” said Kendall, “is an estimate of how much funds you will need to get to those two goals.”

Harry was quiet, he wasn't sure what to say.

“Don't worry Harry, I'll work with you and Lauren to come up with the estimate,” Billy said.

The meeting broke up with a feeling that the investment firm was interested. But a formal decision would have to wait for a proposal with hard dollar amounts. Billy would fly back the following week to help put it together.

Within two weeks the proposal was finished. The following week Harry and Lauren flew out to the investment firm's offices in California to present it. Two weeks later the investment firm had approved the proposal and the funds for forty-nine percent of ownership in Space Drives.

“No, it's great honey,” Harry said to Lauren on the flight home, “I just didn't expect to give up such a large chunk of the company for the funds.”

“You think we made a mistake?” she said.

“I don't know, this is all new to me,” he said.

“Well, at least we can get started now,” she said.

“Yes, and I think having Billy on board as CFO and the others that the investors suggested, will help us with the business side,” he said.

“I hope so, I know we both want to follow the physics not the bottom line,” she said.

Suddenly, with the funds and the business people supplied by the investment group, Space Drives seemed like a real company. Within two months a dozen engineers and technicians had been hired, and Harry was running daily subluminal tests on the bubble.

The company was located across a major highway from the university. Harry taught classes in the morning and spent his afternoons and early evenings running the experiments. Dr. Mills was helpful in recruiting some of the technical staff and helping with the planning of the project.

The building was in an office park and had the typical front part with offices and cubicles in the open space while the back part was a large, open, high-roofed warehouse structure. The back area was where Harry ran tests.

To meet the first goal, which was proof of concept, the project needed to show that it could transport an object within a bubble. This would not be a full-sized ship but something small that could be picked up and moved from one place to another by the bubble.

Harry decided that a small model of an old science fictional warp drive ship would be perfect for the test. To include the model in the bubble Harry set up the black-body target very close. The target would concentrate energy from a powerful pulsed laser into a tiny area.

There the super focused, concentrated burst of light energy would find three-dimensions of a Calabi-Yau manifold that would be blown up into the bubble. Then as the bubble expanded it should enclose the model. By manipulating the bubble further to create a greater stress at one end than the other, an acceleration should result.

Although many spacetime bubbles had been produced by Harry and Lauren, and Dr. Zee before them, this time the experiment would show if bubble transport of an object was even possible.

The experiment was setup very much like the ones that had been done before except for the model which was suspended by a fine wire from the ceiling next to the target. Harry turned on the laser power supply which gave out the familiar whumpf as the huge capacitors charged. He then started the laser and focused it at low power on the dark target. He then slowly raised the power of the laser until the intense concentration of energy in the area of the target found a submicroscopic Calabi-Yau manifold.

The energy poured into the extra dimensions causing three of them to begin to enlarge and the bubble grew in size until it engulfed the surrounding space, and the model disappeared. The sound of the laser shutting down drowned out the sizzling sound of ionized air molecules as the laser audibly descended in frequency from the inaudible through the audible range.

Almost as soon as it started the experiment ended. Harry removed his eye protection and looked to the far end of the warehouse. He saw not a model on the floor but a smoking puddle of plastic and metal that might have once been a model spaceship.

Harry thought to himself:

Good news and bad news. The model was ensconced in the bubble and transported but destroyed.

“We've run some further tests,” Harry said during the meeting reviewing the experiment which was held in the back part of the building because Harry didn't like conference rooms. “The temperature in the bubble is reaching over a thousand degrees Celsius.”

“That's the temperature estimated from the first experiments with Maxwell,” Lauren said.

“Yes, the one that destroyed the end zone of the football field during the first superluminal test,” said Dr. Mills.

“Yes, but that was from energy-shedding as the bubble went from superluminal to subluminal,” Harry said. “And that was caused by the superluminal velocity of the bubble overtaking radiation and shifting it to higher and higher frequencies. We didn't go superluminal, so how could subluminal speeds generate the heat we are seeing in the bubble?”

“Obviously, the heat of creation,” said Dr. Mills.

“I agree,” Harry said. “If so, we are going to have to find a way of creating the bubble without raising the internal temperature to such an extent.”

“Harry,” Lauren said. “Haven't we always assumed that a bubble is a null void, not even a vacuum?”

“Yes, I believe we have,” he said.

“Well, how can something that is nothing have a characteristic temperature?” she said.

Harry and Dr. Mills were quiet.

“I see your point,” Harry finally said.

“There are vacuum fields in the bubble cavity,” said Dr. Mills.

“That's right, just like outside the bubble,” Harry said, “and that's what we are heating.”

“It must happen as the bubble is expanding,” Lauren said.

“Yeah, there's a friction, a resistance, to the expansion into our world, and friction causes heat,” Harry said.

“Say, wasn't there a good bit of work a few years ago on bubbles of true vacuum expanding into the thermal plasma of the early universe?” said Dr. Mills.

“Yeah, I remember reading some of those papers,” Harry said. “But they were talking about a phase change in the early universe, usually when it changes from a false vacuum to a true vacuum and in our experiment we start with a bubble of true vacuum.”

“Still, I think it might be useful,” said Dr. Mills, “that work may show us how we can modify our bubble creation even though it is not strictly the same phenomenology.”
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Harry and the others searched the literature trying to find the old paper and find some hint of how to lower the temperature of bubble creation. Most of the work they found was on phase transitions in the early universe. This was motivated by the standard model of particle physics and the work on unification. It had been found that in the early universe at incredible temperatures and pressure the four known forces, gravity, the strong force, the weak force, and electromagnetism might have all been the same. But as the early universe cooled the forces separated, the symmetry was broken, and it was expected that a phase change had occurred.

Simple phase changes such as water becoming steam had been known for some time. Applying some of the same physics to the early universe, physicists had found that if the universe had existed in a false vacuum, that is, in an energy state that is not the lowest possible, then it could, through a phase transition, change from the false vacuum to the true vacuum (or another false vacuum in some cases).

Such a phase change usually started as a bubble which started expanding. In his reading Harry discovered that the bubble of new vacuum, after formation, would grow rapidly unless it met the resistance of an outside medium, such as a plasma, or other body, such as primordial black holes. The resistance produced heat and would do so unless the bubble expanded below a fixed rate, called the adiabatic rate, that is no heat would enter the bubble and heat it up below that rate of expansion.

It made sense that a slowly expanding bubble would not gain heat from the surrounding medium as much as a fast-expanding bubble. Now Harry wondered how he could keep the bubble from growing faster than the adiabatic rate.

After discussions with Lauren and Dr. Mills, Harry decided that he would try to modulate the laser so that the bubble formed and then expanded more slowly. Even though they all agreed it should work, testing would be the proof.

So, new development began. Harry rewrote the software routine that ran the laser, intensifying the beam in stages which would feed power to the target more slowly. The day arrived for the test which was being held in the back area.

Everything was automated, all Harry had to do was press a button on the screen to start the experiment. He did and the laser came to life, it cast a low intensity beam at the target. Instead of an immediate response, it took several seconds before the energy concentration reached the density to create a bubble.

At this point the routine started modulating the beam so that the bubble walls in front and behind became slightly out of round and a tension developed with the front wall slightly thicker than the back. It was this tension which, according to general relativity, was a source of gravity and caused the thicker more massive front wall to attract the back wall of the bubble. As it did the rest of the bubble flexed in the direction of the tension, or along the line from one stressed wall to the other, and the whole moved away subluminally from its original position in spacetime.

Just before the laser beam shutdown the model had disappeared. And then a moment later after the bubble had dissipated the model reappeared and dropped to the floor on the far side of the warehouse. Harry ran to see if it was damaged in any way. He couldn't find any marks except where it had hit the floor and it was surprisingly cool to the touch.

The experiment had been a success. He decided to show Billy.

Billy was impressed but not sure the other investors would be.

“What do you mean?” asked Harry. “It may not be impressive enough?”

“Remember Harry, these people are not science literate. The demonstration is quiet and subdued, they may not be impressed enough to open up their wallets,” Billy said.

Harry looked at the model he was holding in his hand.

“Billy, I just transported this object over one hundred feet in a split second. You saw it disappear there and reappear over here, nothing like it has ever been seen on the face of the Earth before, and you say it's not dramatic enough.”

“Well, not exactly, what I mean is they may be expecting to see something more dramatic than the actual demonstration and they may not grasp the significance of what they see. And if they don't, they may decide not to invest,” Billy said.

“Well, I'm a physicist, not a showman Billy. So, I will explain to them ahead of time what to expect, then I will show them what I explained. That should be sufficient to satisfy anyone. Then you can tell them about the monetary rewards from developing a device based on this effect,” Harry said.

“And I will,” Billy said. “But if you can think of any way to make it a little more dramatic, that would help.”

Harry didn't come up with a way to make the demonstration more dramatic but regardless, new investors came on-board, and the company was well funded to take the next step, which was to make a larger prototype. A prototype large enough to carry a payload, though not at first.

At first it seemed that the simplest thing to do was repeat the experiment with a larger test object. The board of directors, which consisted of Harry, Lauren, Dr. Mills, Billy, and five others decided to build a space capsule-like mockup for the test. It would be sixteen feet in diameter and eighteen feet high and built out of aluminum. Harry objected to the use of aluminum because of the weight but the rest of the board felt it would be most like a real space capsule and would be more impressive as such.

A few weeks later the object was ready. Mounted on a stand next to the laser target, the capsule looked real enough. It was painted blue and white with the company logo, a grid-like representation of warped spacetime, on its side. Harry was at the controls of the laser and was ready to do a test run before the investors were brought in.

This time, because of the size of the object that was being engulfed by the bubble, it would take a noticeable amount of time for the spacetime bubble to be formed and expanded. Harry started the laser program.

The laser power supply started with its familiar whumpf and then started whining an ascending tone until it peaked. The laser fired, hitting the blackbody target and within seconds the aluminum capsule disappeared. Almost immediately there was a loud thump at the other end of the warehouse as the capsule came out of the spacetime bubble and hit the floor rolling toward the wall.

Though Harry had expected the capsule to fall the foot or so to the floor, he hadn't counted on it having momentum. The capsule shape didn't roll well but skidded and careened into the wall with enough force to break through as aluminum met aluminum. Once through the wall the capsule still carried enough momentum to cross the short lawn area and plow into a car, rolling up and mashing its hood until it came to a stop on the roof crushing it in and exploding all the windows in a shower of glass that shot like shrapnel across the parking lot. Luckily, no one was in the area at the time.

Harry ran to the hole in the wall and peered through. The car that had been destroyed was his and Lauren's.

Bob Mills, who arrived at the hole in the wall shortly after Harry said, “It's a success Harry.”

The next test was more successful, though the capsule's drop of a foot or so when it reappeared was unnerving. But when Harry did it before the investors the drop underscored the weight that had been transported silently and invisibly and led to applause. It also led to the next round of funding. Though they had planned to simply do bigger and better tests until they could do an orbital test, Harry had a different idea.

He figured there was one unknown that if figured out and tested would put the company in business early and with guaranteed success.

Before, in the tests, an impetus had been applied to the bubble, and it was allowed to accelerate and decelerate until it dissipated. The object inside, which was hidden during the transit, simply dropped to the ground once the bubble naturally dissipated, except for the time that Harry had damaged the warehouse wall. That experimental error had given him an idea. He could launch objects, just like firing them from a cannon, by having them emerge from the bubble with a residual velocity. And if the objects were satellites to orbit, people would pay him to do it.

Harry had come up with a theory of what had happened that one time.

He thought the bubble had shattered or ripped slightly before it had finished decelerating. He had been suspicious that the laser might have malfunctioned, so he had gone over it with one of the laser engineers. They had discovered that the flash tube driving the laser used capacitors to minimize the inductance of the device and allow the extremely fast light pulses needed for modulation. Leaky capacitors had changed the impedance and therefore the modulation of the laser light.

In the AI simulation, which the engineers had built to study the laser system, Harry substituted the equivalent of leaky capacitors. This caused a cancellation of some of the modulating frequencies during a simulation run. Harry then postulated that the lost frequencies may have been responsible for the bubble explosively ripping apart instead of dissipating. This had exposed the aluminum capsule before the bubble was at rest. He and Lauren worked on the software program that created and drove the bubble to create such an effect deliberately.

“How are we going to calibrate the velocity we give the capsule when it comes out of the bubble?” asked Lauren at a meeting of the three physicists in Harry's cramped office to discuss testing the new idea. “It's essential for placing it in the correct orbit.”

“We will need to do some test shots,” Harry said.

“That will take a lot of space, like a rocket range,” said Dr. Mills.

“I know a place,” Harry said. “We could make an offer to lease enough land there.”

“Where?” asked Dr. Mills.

“In New Mexico, Lauren knows where I'm talking about,” Harry said.

“You mean the ranch?” she asked.

“Yeah, Mr. Lawer's ranch,” Harry said. “Remember Dr. Zee said he was still alive.”

Mr. Lawer had once helped the couple.

“I guess we could ask,” she said.

An attorney in Albuquerque was enlisted to drive to Mr. Lawer's ranch to discuss the possibility with him.

After a few days, Harry heard from the attorney. Lawer was interested and he made an offer. After discussing it with the board, Harry was able to agree to the offer on the behalf of the company. Even though the software modifications weren't finished, preparation began to move the project to New Mexico.
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A date for the move was set. Harry and Lauren were working hard on the software but hadn't finished the changes when the time arrived to go. They would have to finish it and test it in New Mexico. It was quite daunting to see such a large sum of money invested in the move without knowing if their changes would work. If they didn't, well, they told each other they would make it work.

Harry and Dr. Mills would go for a week but return to teach their classes since they still hadn't resigned from university. Lauren would stay in New Mexico and be in charge during further testing.

Lauren, Harry, and Dr. Mills flew with the other members of the team into Albuquerque and took several vehicles to the ranch. Arriving late afternoon, they found a small mobile home park which had its own power in the form of several battery storage trailers with built-in inverters that could supply AC power, since the Lawer ranch had no electricity. Besides more trailers for sleeping, there was a cafeteria trailer and a medical trailer staffed by two nurses.

Harry noticed the twisted old-growth juniper and fir trees that reminded him of climbing the cinder cone when he and Lauren were trying to get away from the military and how all that had led them to Mr. Lawer's ranch. So, the first thing Harry did after walking around the trailer park was take one of the vehicles and drive to Mr. Lawer's house. Harry found Lawer in his home.
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