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To Sarah

Dim and wonderful is the vision I have conjured up in my mind of life spreading slowly from this little seed bed of the solar system throughout the inanimate vastness of sidereal space.

H.G. Wells
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“Star Way in Immediate Danger of Shutting Down” - The New Hope Sentinel, 1.2.2548.

“Unknown Attacker Targeting Beam Relay Stations, Could Settlements Be Next?” - The Centauri Journal, 1.4.2548.

“New Richmond Not in Danger, Yet” - The New Richmond Daily, 1.5.2548.

January 5, 2548 was another perfect Friday in the New Richmond space habitat. Sure, there was an undercurrent of worry. But an understanding of the news coming from elsewhere along the Star Way had not really been assimilated by its citizenry. For most of them the news was out of sight and out of mind.

The habitat was a typical design, a cylinder shape some one mile in diameter and five miles long. Inside there was a land area the size of a small island on Earth. Rotation around the axis of the cylinder provided the equivalent of eight-tenths Earth gravity.

The distance from New Richmond to the Sun was almost fourteen billion miles or over thirty-seven times the distance from the Sun to Pluto. Technically the habitat was located between the Kuiper Belt and the Oort Cloud, still, many asteroids and comets were found within a few astronomical units of the cylinder. And even though it was almost impossible for an asteroid or comet to get close without being detected, a collision with such an object was the first thought that many inhabitants had when the huge cylinder “rang” that morning.

“The thing is,” said Security Officer Jack Simon, “I can't locate where the impact occurred. Neither the vibration or acoustic monitors give a definite area but instead indicate the whole habitat rang like a bell.”

“A bell?” repeated his superior Jean Roosevelt.

“Yes ma'am, the whole structure is vibrating in unison, there is no point of impact, no wave of vibration spreading out from a point.”

“Okay it's time to get my father on the line,” said Jean.

“Hi dad this is Jean.”

“Hi honey,” said Harry Roosevelt the habitat's Chief Engineer.

“Dad this is a business call.”

“Really?”

“Yeah, Jack is telling me that the vibrations we felt this morning were not located at a point but the entire habitat was vibrating.”

“In unison,” said Jack, “tell him in unison.”

“Jack says in unison dad.”

“Really,” said her father. “Could it have been a thick cloud of dust moving at a high velocity?”

“Jack's shaking his head no dad.”

“Well then theories about gravitational waves could explain such an occurrence but the magnitude of such a wave would be immense and it would only shift the mystery to their origin if we assume gravity waves.”

“Dad should I raise an alarm, warn the whole habitat?”

“Let me get back to you honey, I want to speak to one of the professors at the University.”

“Okay dad let me know what you decide.”

Harry Roosevelt checked the detectors himself and then contacted Habib Sagedhi, a Physics professor at New Richmond University.

After Harry explained the situation Habib replied, “I can't imagine such gravity waves Harry but at the same time I can't imagine what else could cause what you describe. You're the expert on the habitat, you can't think of anything that's inherent in its design that could explain this phenomenon can you?”

“No Habib I can't. Almost all the failures I can imagine would be point failures or failures over a small area and they would generate nothing like the signals the vibrational and acoustic detectors are showing us.”

“I don't like it Harry, not with what I'm reading in the news this morning.”

“You mean the destruction of the Star Way's Beam Relay Stations?”

“Yes, the destruction is getting closer.”

“I don't see the connection,” said Harry.

“Harbinger, Harry, something's coming.

“Habib you sound like a soothsayer.”

“Okay Harry, what I'm going to do is get the astronomers involved and see if they can find anything.”

“Well let me know Habib. Uh-oh,” said Harry as the connection was lost.

The shaking had started again.

This time it wasn't a gentle vibration but a violent jerking. Then the noise began. The advanced materials that made up the habitat's support structure groaned as if alive.

By this time Harry Roosevelt was out of his house and standing in the street.

If the shaking gets any worse it will be impossible to walk.

Just then up the street came Jean. Running up to her father she asked him if he was all right.

“I'm okay honey,” said Harry. “How did you get here?”

“I left my office as soon as we finished talking. It was easy at first but the electric stopped running a couple of blocks from here and walking became harder and harder.”

Before Harry could respond a loud tearing noise came from directly overhead. Harry looked up but all he could see of the other side was a softened blur. At best he thought he saw the trees up there bending as if a giant hand had brushed across them.

The shaking became a lurching to and fro. Below Harry and his daughter, towards the center of town, sirens wailed and sounds of destruction came with the failure of the taller buildings. Harry and Jean had to sit down on the curb to prevent themselves from being toppled.

They heard a great ripping sound close by. The wind picked up, an unusual occurrence for a space habitat where nothing more than a breeze was ever felt.

Harry looked at Jean, “A breech of the hull I'm afraid.”

“But how dad? That material can stand up to the most powerful laser in existence.”

“I don't know dear Jean but I want you to know that I love you very much.”

Jean understood. “I love you too dad.”

They hugged each other sitting there on the curb in front of the family home. Jean's mother, Harry's wife, had died in an accident the previous year. One thing that had come out of the sorrow of her death was that father and daughter were closer than ever.

Harry looked up into the distance. A strange checkerboard of irregular shapes seemed to be coming towards him. As if the habitat were breaking up into pieces about the size of a few city blocks. Whatever it was it was coming quickly. He didn't mention it to his daughter but just held her tightly.

Suddenly he got a tremendous headache but he continued to stare at the approaching chaos.

Jean moaned as she too experienced a headache.

As the phenomenon got closer the irregular puzzle pieces themselves were breaking up into smaller and smaller patches. Harry started feeling sick, he hugged his daughter tighter.

Then when it was only about a half mile away, smaller and smaller the pieces became and just before it reached Harry and his daughter he had the distinct impression that only a kind of confetti was left in that direction.

That's when Harry and his daughter's bodies “unraveled” at several tenths the speed of light.

The habitat ceased to exist as the waves of disintegrating spacetime passed, only slowing momentarily when encountering the matter of the habitat before rushing onward to their next target of destruction. But the waves were just a side effect of an invention that would change the world if it didn't destroy it first.

The story of that invention begins some time before the unfortunate destruction of New Richmond.
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Sci-pedia

The Online Source for Science

Elias Mach



The inventor of the wormhole drive was born November 9, 2529.



Elias was a precocious child. At six years old he had created a game that every child in the Centauri Two space habitat played on their personal Emmies. At seven years old he was solving equations that his Physic's teacher father had not solved until his undergrad days. At eight he was in the seventh grade though he did most of his school work at home because his parents had found that their son could frustrate even the best of teachers with his constant questions.



At ten Elias designed a material that could stand up to even the most powerful military lasers. He recalled in later years that he had seen a virtual reality vid where laser weapons were used to defeat the “good” guys. Even though they won in the end Elias didn't like it and he became determined to find a material to resist such a weapon.



It wasn't long until Elias' material, called Mach-metal was being installed in military and other spaceships. A complete change in the tactics of ship to ship combat resulted. But Elias was just happy that now the “good” guys would be able to defend themselves if they had to fight.



At eleven . . .



The test started late. Elias had rushed to get the time slot in the shared lab. Other post-docs had been using the lab and left it a mess. Elias and the lab robot Dora had to cleanup before they could even start Elias' experiment. He hoped they hadn't missed anything.

The sphere was in the water bath and spinning. Layered hemispheres made up the sphere and when assembled were about the size of a softball. The inner layer of the sphere was rigid brass and hollow. It not only provided a support for the outer layers but would oscillate in mass when the outer layer produced the Mach effect.

The next layer was the actuator. Its purpose was to accelerate the outer layer where the Mach effect would be produced. It was made from a PZT (lead-zirconium-titanate) composite. It was driven by a two gigahertz sinusoidal power supply of several thousand volts.

The last layer, the outermost layer was the Mach layer itself. It was capable of the greatest internal energy fluctuations. The Mach effect when produced in this layer would almost completely decouple the innermost layer from the rest of the universe exposing a very large, exotic and negative mass. Just the mass needed to open and keep open the throat of a wormhole.

Elias had the power generator on. He was noticing the change in mass as measured by the strain gauges. As long as Elias maintained the power level the mass would continue to oscillate according to the interaction of the Mach layer with the actuator layer's driving voltage.

But in this test Elias was trying for a more dramatic change in mass. A change that would indicate that a large exotic mass had been produced.

He had programmed in the ramp up voltage necessary to see the beginnings of the effect. All he needed to do was press the program button and . . .

The voltage ramped up in a single cycle. Elias was watching the output of the strain gauges. At first the readout started increasing then it maxed out suddenly.

Dora started to issue a warning but stopped and went silent and offline as an electromagnetic pulse hit.

Elias heard the sound of a strong wind. He looked up from the bank of instruments to see papers flying around the lab and in the water bath there was no water but a mist. Out of the mist came a blinding glare where the sphere was mounted. Elias shielded his eyes. Then the intense light blinked.

Elias felt his breath fleeing him as in a vacuum. He crawled behind the heavy lead shield which probably saved his life when the sphere imploded. X-rays bathed the lab. By this time Elias was unconscious.

Elias awoke in a hospital bed. The attendant noticing that Elias was awake called for the doctor.

“How do you feel?” asked Dr. Cramer.

“Okay I guess,” said Elias.

“How old are you Dr. Mach?”

“I'm eighteen.”

“You're a post-doc at the university?

“That's right.”

“You are young for a post-doc aren't you?

“I guess so.”

“Any nausea, upset stomach?”

“No I don't think so.”

“Good, we were worried about how much you had been exposed. We know that some extreme X-ray event took place in that lab because most of the unshielded electronics in there were fried.”

“Then the X-ray load must have been huge. I guess the lead protected me.”

“Do you have any idea why you passed out?”

“A momentary lack of oxygen I think. It was like all the air was being sucked out of me.”

“As in a vacuum?”

“Yeah, probably.”

“Well that must have been some experiment, you should get some rest now. We are going to keep you here overnight for observation. I expect you will be released in the morning.”

“Doctor, have my parents been notified?”

“Attendant?”

“Yes Dr. Mach we've called your parents they are on their way.”

“Thank you.”

The doctor left the room, leaving Elias to think while the robotic attendant hovered over him.

Elias still looked very much as he did when he was ten and inventing the Mach-metal that was widely used in industry and space. He had grown of course, to over six foot and had an athletic build although he was no athlete. His hair was not as blonde but his eyes were still bright and a striking green.

“How do you feel Elias?” asked his mom.

“I feel fine mother.”

Elias' mom had practiced as a nurse before marriage but hadn't pursued her specialty in some time.

“Do you have any idea what happened?” asked his father.

“I've been thinking about that dad ever since the doctor left. As far as I can figure once I got down behind the lead shield I had the air forced from my lungs by a developing vacuum. But where that came from I'm not sure.”

Just then the attendant announced that visiting hours were over.

“Thank you,” said Elias' dad.

“I'll be back in the morning to take you home Elias.”

“Thanks dad.”

“If you need anything let us know son.”

“Thanks mom.”

His mom kissed him on the forehead and she and his father left the room.

Alone again, Elias continued to try to piece together what might have happened.

The following morning Elias' dad picked him up and took him back to his parent's house. His mom wanted him to stay a couple of days so she could minister to him. Elias knew it was futile to argue so he agreed.

His parent's house was typical of most homes in the Centauri Two habitat, it was about twelve-hundred square feet in area with an outdoor terrace. The curving slope of the cylindrical habitat was ideal for “stacking” two or three homes with each one having an exposed terrace and the remainder supporting the next home above. This made for very efficient heating and cooling. Not all housing was built this way in other towns as it was in the Mach's hometown of Mecklinburg.

Elias and his dad had retreated to his dad's study. A typical teacher's study with rich wooden bookshelves lining the walls and filled with books. Other books and papers were stacked on most of the level surfaces of the room. Contrary to predictions, paper books had never completely disappeared and were still preferred by some like Elias' dad. They were no longer made from trees but like the wood of the study were made especial in processing vats that “grew” the paper.

There in his dad's study Elias had learned much of the physics he knew. Now they discussed what had happened in his experiment with a physicist's detached interest, since they both were trained in the discipline.

Elias cast the equations from his Emmie, a personal AI assistant, onto the wallscreen and pointed to the first term.

“As you know dad I've solved these equations for a particular configuration of spacetime which I call the Mach metric, after the nineteenth century physicist Ernst Mach. It describes the geometry of a wormhole, a path through alternate physical dimensions that could be used to bridge distances in our universe.

“Now look at the solutions of the field equation, what I call the Mach equation.

“Think of it this way,” he said. “Say you have some bathroom scales. Now those scales are only accurate when you are standing still on them. If you start jumping up and down they will read either more or less depending on how fast you jump. And the response time of the scales. This is how the first term in the equation works.

“This first term reduces or increases the mass according to the driving frequency as long as the mass is accelerating, in our case the sphere is spinning so it has angular momentum, remembering always that a change in direction is also an acceleration. All this is experimental fact and not in question.

“However useful this term of the Mach equation may be for accelerating a mass it is not actually the effect we want, that is in the second term of the equation.

“Note that the second term is divided by the square of the mass density. Also note that it has a second derivative with respect to time and has a minus sign. All this means that if we ramp up the power of the drive fast enough the second term will dominate the first term and create a negative or exotic mass according to the Mach equation. And that is just what is needed to open and hold open the throat of a wormhole.”

“Yes, I remember the physicist that first wrote the metric of a wormhole and postulated the need for negative mass to hold the throat open, Thorne I think it was,” said his dad.

“That's right but there is one problem with using this term, besides the practical problem of building such a power supply, which after experiencing the results of my experiment I don't believe I have accomplished,” said Elias with a grin.

“As you can see the mass starts out positive, or ordinary mass, goes through zero and becomes exotic, or negative mass. You have to be careful to drive it quick enough through zero to avoid the equation becoming singular.”

His dad suddenly leaned forward in his chair.

“Creating an infinite mass and a black hole you mean? That's what happened in your experiment, right?”

Nodding his head, Elias said, “Yeah, I think that's what happened. A small black hole developed and then immediately dissipated. As you know small black holes less than the size of the Sun will radiate away their mass as Hawking radiation. The smaller the hole the faster it radiates. The hole that was formed in the lab was very small and radiated away just like an explosion.

“Anyway, that would explain the vacuum I experienced, as it was developing, and then the sweep of X-rays that apparently occurred when the hole evaporated. My power supply ramped up too slowly to avoid the singularity and therefore hole formation.”

His dad leaned back in his chair and shook his head.

“I had no idea your experiment could be so dangerous son.”

Elias shrugged and said, “Neither did I dad.”

“But if you fix your power supply and you are successful in opening a wormhole and keeping it open where would it lead?”

“To another place in the universe for sure. How far away depends on the amount of power I use. I call it casting, similar to the way my Emmie casts these equations on the wallscreen.”

Then with renewed enthusiasm he said, “So do you want to see the equations for casting a wormhole mouth?”

“Sure son.”

Elias began filling the wallscreen with more mathematics.
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Sci-pedia

The Online Resource for Science

Winifred Goldman



An archaeologist and discoverer of the “Threshold.” She was born on August 29, 1874. At five she witnessed a well being dug and she became as curious as to what was under the ground as to what was above it. From then until she went away to Lady Margaret Hall, Oxford to study history the neighborhood was always wary of the small holes Winifred would dig, and then incompletely back fill looking for treasures. Not monetary treasures but archaeological treasures.



After completing her studies at Oxford she found that receiving a degree from the university was out of the question for a woman in the late years of the nineteenth century, instead she received a certificate that explained her accomplishments. With this she began a year long search for a position on an archaeological team. Even with her certification she often lost opportunities to lesser candidates because women were discouraged from applying for jobs in the rough environment of a dig site.



But her determination paid off when she landed a position with Joseph Petrie, a noted Egyptologist. On site in Egypt it wasn't long until Winifred had put to rest any worries that Sir Joseph might feel about having a woman on the dig. She was naturally more careful than her male colleagues and she quickly became Petrie's choice to handle the stratigraphic digging that he practiced. Winifred developed many new methods to practice this type of archaeology and . . .



Winifred had grown to be a confident young woman. Dark hair and eyes she still had the face of the young Winifred although more angular in appearance. She had been excavating for Joseph Petrie in Egypt for close to a decade now on different digs. Petrie had been true to his word and had always given Winifred a glowing review. She now worked for Augustus Pitts, but working for Pitts was nothing like working for Petrie.

Pitts was pompous, abrupt and dictatorial. In his sixties now he was still tall but had broadened quite a bit with age. He had always looked more like a common laborer than a professor. Pitts expected archaeology to be done the way he had done it for the past forty years. With picks and shovels and deep trenches. But this was the beginning of a new century, not the eighteen-sixties and Winifred had different ideas.

She believed in preserving the stratigraphy of the excavation. That is she felt the different layers of the dig site should be unearthed one after another. To this end she used her Mason's trowel, hand pickax and assorted brushes. A method that Pitts found infuriating.

She was sorting the pottery pieces recovered from the day's dig. The style of pottery had definitely changed, an indication that they had reached a new era in the life of the ancient tell they were excavating.

As thousands of years pass with people living on the same site building and rebuilding, a man-made mound can form, an archaeological tell. This tell next to the Red Sea was thirty meters high and almost a kilometer in diameter. It was a major find.

Absorbed in her sorting she hadn't heard the arrival of Pitts.

“Dr. Goldman!” yelled Pitts.

“Yes sir?” said Winifred jumping up.

“What have you been doing? You've accomplished nothing in the week I've been gone!”

“That's not true Professor. We literally have buckets of potsherds. See for yourself.”

Winifred pointed to the buckets.

Ignoring the buckets Pitts said, “Winifred I've told you for the last time. You were to have begun digging a trench through the tell by the time I returned from London. You have willfully disobeyed me. I am relieving you of your field duties. Tomorrow Schumacher will take over the duties of dig supervisor.”

“But sir we have important finds already. We've already cleared the most recent layer and started on the next. The pieces of pottery we've found clearly show a change in style between the layers. Just as Petrie surmised.”

Pitts wasn't impressed.

“I don't care what Petrie surmised. I want that trench dug and the layers classified so that I can present the results at the next meeting of the BAF. You are relieved.” He turned to leave.

Exasperated Winifred asked, “Then what am I to do?”

Without turning around Pitts, throwing his hands up said over his shoulder, “Whatever you want, you can stay or leave. Anytime you want to go back you can go with the next artifact shipment to England.”

With a hundred workers in two shifts it would still take weeks to finish the trench. Dug through the middle of the tell it would eventually be some thirty meters wide at the top and three meters wide at the bottom. The spoil heaps extended from the tell almost to the edge of the Red Sea.

Winifred had not gone back to England with any of the shipments. Instead she had stayed and was conducting her own research program while avoiding the notice of Pitts. Day after day she sifted through the remnants of the tell that were dumped on the spoil's heap. Already she had collected a fragment of a clay tablet with writing that appeared to be a form of early Hebrew. And another inscribed clay fragment that appeared to mention an Egyptian pharaoh. Once she had deciphered the inscriptions she intended to turn the fragments over to Pitts.

This morning Winifred had moved down to the base of the heaps. These were some of the oldest of the spoils. She was careful to clear the debris with her brushes. Here closer to the water’s edge it was quiet, as the noise of the dig was over the hill. As she cleared she found a narrow bar-like indentation in the hillside. It was smooth and compacted as if the clay and sand had somehow been subjected to tremendous pressure and heat.

Winifred spent several days in this area just south of the entrance to the Suez Canal clearing what she began thinking of as a threshold. A threshold from where to where she didn't know. As she cleared more and more she realized that the floor of this threshold was actually below water level. And that it wasn't entirely flat but curved upwards as she moved out from the deepest point.

The center, but the center of what?

At lunch one day she was eating in the digger's tent so as not to attract attention. One of the staff came over to Winifred's table.

“Hello Winifred how are you?”

Winifred looked up from her food to see Jehane Badawy, a dig assistant from Suez that she had worked with before.

“Fine Jehane and you?”

“Very well.”

Jehane was smart and quick to learn and spoke English almost without accent. Pitts had promoted her fast to the position of pottery supervisor. As egotistical as anyone, he was also blind as to sex when someone demonstrated the capability to do the job.  

“And what has Professor Pitts got you working on Jehane?”

“I'm still classifying potsherds.”

“And you?”

“Digging through the spoils just in case.”

Jehane looked surprised.

“Find anything?”

“A couple of things that might be of interest,” said Winifred quietly.

“Can I see them?”

“I'd be delighted to show them to you, after we eat.”

Finishing lunch, Winifred led Jehane down to “her dig.” She showed Jehane the small clay tablet fragments she had recovered so far.

“This is wonderful Winifred. You should be commended for this work. After Pitts relieved you I was afraid you might be too discouraged to continue but now I see you love the work more than the recognition.”

Leaning closer Winifred said, “Jehane I feel it is almost a sacred honor to be allowed to discover even the smallest secrets of the past. I think there is enough discoveries for all kinds.”

“You are right I guess, it does seem to take 'all kinds' as you put it.”

They both laughed.

“Oh,” said Winifred. “There is one other thing I would like to show you and maybe get you to help with. It shouldn't take but a few minutes.”

“Sure.”

Winifred led Jehane down to the threshold she had uncovered. The threshold was already a foot deep in places where Winifred had excavated and nearly eighteen feet across.

“What do you think?” asked Winifred.

“I don't know. It looks like some kind of threshold.”

“That's exactly what I thought.”

“But a threshold to what, I don't know. This sediment is packed as hard as marble. It's quite remarkable actually.”

“Could you help me with one thing while you are here?”

“Sure Winifred.”

“Let me get my tools.”

Winifred hurried to her field tent and brought back a ball of twine, a level and a ruler.

“Okay, what I need is for you to take the level and ruler. I'm going to secure the twine at one end and then stretch it across the length of the threshold. You tell me when the twine is approximately level in the center. And then measure the distance from the twine to the threshold.”
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