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Characters


Wallace Chung-
inventor, builder, entrepreneur


Aman Treble- entrepreneur,
funding and political backer


Charity
Thompson- Aman’s executive assistant


Albert Sanchez-
chief engineer


Klaus Erheim-
Moonship project manager


Suzette Girard-
chief mathematician; orbital mechanics and trajectory specialist. Responsible
for flight management software.


Robbie Kay-
pilot, systems programmer and AI liaison


Lucy Chung-
Wallace’s cousin, a programmer and one of the drone operators. Works closely
with Suzette and Albert on software integration issues and drone operations.


Secretary
General of the U.N. (a woman)


Alvin- ship’s
navigational and engineering Artificial Intelligence


The
Construction Drones (4)


The Explorer
Drones (4)


The Ship (Sunship I, christened
Edison)


   1.2 megawatt
solar sails


60 percent
overall energy conversion, including regeneration cooling vanes embedded in
panels and engine cooling/regeneration


80 percent energy conversion in
solar panels


46 metric tons gross weight


-    3 ton control
pod


-    5 ton propulsion
system


-    6 ton sail
structure


-    10 tons of fuel
(ammonia)


-    22 ton cargo pod
(4 tons empty)


-    4- 250 kw plasma
engines


   


Wallace Chung


Wallace had a hard time believing what he’d found at first.
He was plowing through some online industry mags in the library when he came
across some notes on materials advances.


 He was stalling on the work he
was supposed to be doing for his doctoral dissertation. The topic he had chosen
was boring, even though it would be an advance beyond current thought in his
field of study. Wallace was not happy; the topic would get him a doctorate but
other than that it was a complete loser. Dropping the topic would make his
advisor (who thought his topic was ‘phenomenal’) really angry. He would
probably have to find a new advisor and start all over again. He was stuck.


Then he ran across the articles and suddenly his mind
started churning. It wasn’t a field he was really familiar with but he was a
solid hands-on engineer. Given a little time and commitment he felt he could
pull together pretty much any kind of hardware implementation.


He did some checking on the
materials advances. He did a little exploration into various forms of electric
rocket motors. He was disappointed when he found some old work that looked a
lot like what he was planning, but it was never funded to completion. He looked
further and realized the original project was likely to be impractical because
the efficiencies weren’t high enough. He ran the new numbers through his head
three times and then actually pulled some old physics books to check his basic
formulas, dimensional conversions, and physical constants. After all that, he
realized that while there were still some issues, the problems were much easier
since the new materials had become available.


 The problems he came up with were
conversion efficiency and heat dissipation. The stuff needed to build an
efficient solar cell-driven ship hadn’t really been available until recently-
as in just getting press now. Solar cells had only recently become ultra
lightweight and highly efficient. Maybe that was why the idea had been shelved
in the first place. If so, that meant he’d better move if he thought this would
work. Soon enough others would have the same flash of insight and the race
would be on.


The heat problem was tougher, but
he had some ideas that might give him a starting point of forty or fifty
percent engine efficiency He thought about the lost fifty or sixty percent and
thought there just might be ways to get the system efficiency up to perhaps
sixty percent. It would take work but he thought it could be done.


 There might be one other
stumbling block- politics. Maybe the issue of ownership at the destination was
a far stickier problem than he thought. Well, first comes science and
engineering; then comes politics. The other way round and nothing would ever
get done. But to do the engineering and put together a working model, money was
necessary. That was the real starting point- finding someone or some group to
foot the startup costs. That might be the toughest thing to get done. Even if
everything went swimmingly, building the ship would cost a lot of money.


He thought he could do just enough
on his dissertation to keep from pissing off his advisor while he started to
look for backers. It was going to be a delicate process; the wrong few words in
the wrong places and someone else might just figure out what he was up to. On
the other hand, if he couldn’t find money he’d actually have to finish his
dissertation. It was worth some time and extra effort to find an alternative to
a purely academic fate.


   


Aman Treble


Aman Treble was a man without a
purpose when he saw the proposal. After years of excitement in collegiate and
pro basketball, a wild ride in commodities futures and leveraged buyouts of a
startling number of successful technology companies, the shear amount of money
he had piled up was making life a complete bore. So boring, in fact, that he
was spending a significant amount of time on his foundation. A singularly
uninteresting activity.


He was leafing through a bunch of
really boring funding requests that had been sent to his foundation. That was a
true hallmark of his boredom.


He had more money than could
reasonably be spent by a middling-sized nation in any reasonable period of time
and no idea what to do with it. It had been difficult, exciting, and ultimately
a fair amount of fun to get where he was, but now he was at a dead end. All
this cash and nowhere he wanted to go. He could get altruistic and just start
dropping cash on struggling little goody-goody foundations everywhere, but that
was a little too much like piling up bunches of paper money and putting matches
to them all. He hadn’t put all that physical and mental sweat into getting
where he was just to blow it all.


At first the proposal
looked like a complete loser. It was dry, didn’t seem to do much, and was
difficult to read. He wasn’t sure why the chair of the review committee had
sent it to him, but Chaz was a good friend. He also had an unnerving instinct
for moneymakers, finding gems in the midst of useless rock. Aman went back and
looked at the proposal again.


Then he began to smell a rat. The
goal of the proposal was a little too innocuous. Chaz might have spotted
something in it that would be interesting.


“A Proposal to Investigate
Technologies for Fine-Grained Motion and Orbital Control of Satellites”- talk
about a way to put a review committee to sleep. The topic was rather silly,
too. The technology in use worked perfectly fine. Not sexy, but workable.


He decided to follow his
nose and kept reading. He took a close look at what the guy was proposing. He
started to read between the lines. He’d have to get one of his geeks to go over
the math but his was good enough to think it might be right. On the other hand,
the words were a little too vague and the bit of math was certainly not all
that was necessary. If this proposal was what he thought it might be, it would
open doors. Yes, indeed. Big doors. And with a wrinkle or two, it could cause a
lot of trouble in the global political system. Now that might be fun.


Aman thought the proposal was
worth a serious look by some good tech eyes. It might be just the kind of fun
that would make his day.


   


The Call


Wallace was not working on his
dissertation when the call came. Instead he was working through some recent
papers on plasma engines. So far he hadn’t gotten any ideas about how to take
care of the heat problem in them.


The waste heat from the sails
turned out to be pretty easy. The efficiency of the newest solar cell materials
was quite good, and there were a couple of decent technologies for conversion
of the waste heat to electricity. Materials advances had come to the rescue
again; there were now materials that absorbed heat and turned it into
electricity at a reasonable rate. Not perfect, but a reasonable solution to
getting more work out of the sunlight.


He still had to fix the engine
problem, though. Otherwise the engines wouldn’t last long enough to get to any
place interesting. He needed a good start on a viable solution. He was gambling
but it was still better than going back to the dissertation.


He didn’t recognize the phone
number but the caller was at the Treble Foundation. He was pretty sure they
were one of the foundations he had sent a proposal. He crossed his fingers and
answered the call.


“Is this Mr. Wallace Chung? Hello,
Mr. Chung. My name is Charity Thompson. I’m Mr. Aman Treble’s executive
assistant. Mr. Treble would like you to meet with Dr. Chaz Delsun, Executive
Director of the Treble Foundation and chair of the proposal review committee.
Dr. Delsun would like to arrange an appointment to discuss your proposal. The
address in the proposal, is that your current address? It’s actually quite
close to us. He suggests that you plan on an hour. I will send you directions.
When would be convenient?”


For a minute he had a hard time
understanding what the angelic voice on the other end of the line was telling
him. Voices like that seldom called him. Then the fog cleared enough for him to
fumble through the calendar on his phone and find a date to accept the
appointment.


 Wallace hung up. He smiled, and
the smile got bigger. Maybe he wouldn’t have to finish his dissertation after
all.


   


The Treble Foundation


Wallace was a little surprised at
Dr. Delsun’s office. It had a hint of stuffiness to it. It was only a hint,
though. The desk was big, but the desk angled back a bit at one end and there
were machine screens on the angled wing. The desk looked rather workmanlike,
not what Wallace had expected. Not very corporate executive at all.


“Please be seated, Mr. Chung. I’ll
be with you in a moment.” Delsun looked at one of the screens for a while and
then apparently shut down whatever he was doing. He turned toward Wallace and
smiled. “There. All set. How was the trip here?”


Wallace smiled tentatively. “Not
bad. Traffic was a little heavy.”


Delsun smiled back. “Isn’t it
always. One of the disadvantages of a downtown office. Would you like a cup of
coffee?”


Wallace shook his head. He was too
nervous for coffee. “No, sir. I’m okay.”


“Okay then. To business.” He
opened a hard copy folder on his desk. He smiled apologetically. “Can’t get rid
of a bad habit. Still like to read important things in hard copy.”


He scanned something in the folder
and then looked up. “You sent in an interesting proposal, Mr. Chung. We had a
little trouble getting a grip on it at first. For a while I didn’t think there
was anything there and the committee was prepared to turn it down.”


For a half second Wallace was
disappointed, but then realized that ‘for a while there’ definitely had
potential. “Uh, I’d be more than happy to answer any questions you might have,
sir.”


“Call me Chaz, Wally. I think
we’ve got the gist of your proposal, but I do have some questions. First, it
looks like you were underselling your objective. Am I right?”


“Uh, yes sir. Uh, please call me
Wallace. I just thought- I wasn’t sure dumping the whole thing on someone’s
desk would be a good thing. I thought something a little more practical
sounding might sell better.”


Delsun smiled and turned a page in
the folder. He appeared to be scanning a copy of the proposal. “Yes. Well,
Wallace, you were fortunate that you didn’t hide your intent entirely. You gave
me and a couple of the committee members just enough to figure out where you
wanted to go and how we could verify your concept. It also happens that your
objective may fit nicely with something that we would like to do.”


He looked up. “We do think it will
work. How long do you think it will take to get a low acceleration prototype to
the Moon?”


Wallace looked a little shocked
and then remembered to speak. “Um, I think about three years. There’s quite a
bit to do. Just getting a team together will take three to six months.”


“All right,” said Chaz. “This is
what I have to offer. First, your annual funding is inadequate. We’re doubling
it. As part of the deal you will be doing things differently from the usual
grant review. To start, I expect a detailed report on progress regularly. Every
quarter at least, more frequently if possible. And none of this ‘we’re here and
working’ nonsense.


I suggest you plan on spending
about a third of the next three months doing prototype planning. Mostly,
though, you should spend your time figuring out what you’re going to need and
where you’re going to get what you need.


 I’d like position announcements
for a startup team from you in two weeks. Include suggestions for candidates if
you have them. The Foundation will post the announcements and provide you with
space for interviews, etc. If we know of potential candidates we will refer
them to you for consideration. Oh, by the way- you might want to apply a bit of
your obfuscation skills to the job descriptions. We don’t want our objectives
to become public until you’ve made quite a bit of progress. That will be
tricky, but I think you can pull it off.


We will provide you with office
space here at the Foundation until we can find you a suitable facility. You
should start thinking about what kind of space you will need to begin
fabrication and ultimately assemble a prototype. You should also give a lot of
thought to make or buy options; much of the hardware fabrication should be
contracted. We aren’t much of a heavy industry or aerospace organization and
you should try to buy more than make. What can you buy from someone versus what
will your team have to build?


One other thing. We are going to
leave your requested salary as Principal Investigator at the rate in your
current proposal. In essence you’re not getting a bump because of the doubling
of the budget. If things look good at the end of the year, however, that is
likely to change. Is that understood?”


“Yes sir, that’s no problem. I
just have to break it to my advisor. He’s not going to be happy if I’m dropping
my dissertation work completely.”


“I think I can help with that. We
want you working full time on this project. That means you’re not likely to be
able to get back to any kind of dissertation work for the next three years,
maybe more. This will be a big step. Will you be okay with that?”


Wallace smiled. “Yes, sir, not a
problem. My topic wasn’t great, anyhow.” He hesitated for a minute, and then
smiled again. “This sounds like a lot more fun.”


Chaz smiled back and nodded. “Yes.
Probably for us all.”


As Wallace left the Treble
Foundation he was a mixture of happiness and trepidation. He had just agreed to
a really big deal. For starters, he had just gotten a terrific bump in salary
to do something that might turn out to be hugely important.


There was a lot he didn’t know
about what he was getting in to; a lot he had to learn. Contracting for space
launches, for example. Things were pretty regular nowadays; there were
satellites being sent up all the time. But what kind of lead-time was needed?
How much would transport cost? He had no idea how many trips they would have to
schedule. One thing was for sure; the ship itself had to be like a Lego set.
Anything that could fit in a cargo pod should be pre-assembled on Earth. Parts
had to fit together easily once in orbit. Could robots handle the assembly? If
they had to send people up to do final assembly it would probably cost a
bundle. He didn’t want to have to build a space station. Any way to keep the
people on the ground for the build would keep the price down. One more unknown
to toss on the pile.


Walking back to his car
he looked like a man possessed. Lots to do; lots to plan. Time to get moving.


   


The Plan


Wallace was working twelve-hour
days on the project, having put his doctoral program on hold. That had been one
of many things the Treble Foundation had helped with. His advisor had been none
too happy to find Wallace working on another project entirely, but he was
mollified somewhat by Mr. Treble’s interest in and commitment to the new
project. It helped that Dr. Delsun used some of the funds from the grant to buy
out Wallace’s position on the advisor’s project.


Once he had a contract in place
with the Treble Foundation, Wallace started to flesh out his proposal. It was still
a dream, but now with hard work and the right kind of planning it could become
a reality.


The original proposal had a number
of bullets that now needed more detail, more reality. The bullets were as
follows-


1)      Detail
the plan


2)      Set
up an organization (staff, contracts, logistics, etc.)


3)      Do
something about space politics?


4)      Design
the ship


5)      Develop
a plan for assembly in space


6)      Build
a space infrastructure (Drones? People? Getting to orbit, a place to assemble?)


7)      Automate
piloting (AI? All of the trip or all except critical points? People only as
passengers?)


8)      Test
scale models


9)      Assemble
the real thing


10)  Launch the ship (Success!)


 


When he went back to the
proposal, he was once again struck by how much work there was to be done. It
wasn’t just building a ship; it was a project in space.


 There were some things coming
that he wasn’t sure he could get done, but the ship plan was slowly coming
together. (Maybe he shouldn’t have started there, but the ship design had been
in his dreams for months.) The heat problem was actually quite a big one-
existing plasma engines spent a lot of energy for magnetic fields not only to
accelerate the plasma but to keep the plasma away from the walls of the engine
so the whole thing wouldn’t melt. The magnets themselves got very hot, requiring
that the magnets be cryogenically cooled and the engines stopped regularly to
cool down. The result was rather poor conversion efficiency as electricity from
the solar panels was changed into ship motion.


The engines themselves were highly
fuel-efficient but ran so hot their operating time was measured in hours, with
a relatively high risk of failure. The magnets took a severe beating as well.
Ideal output for a half-megawatt system was over a five hundred horsepower. It
was hard to get that output when a lot of energy was being used to cool the
system. Even with a lot of energy lost in keeping things cool during operation,
the engines would still have to be shut down periodically to cool down. That
last bit was truly inefficient- not only causing the ship to drift at constant
velocity while trying to dump a lot of heat into space, but having to come back
up to operating efficiency after each shut down.


The answer Wallace came up with
was more complicated than he would have liked, but he thought it had possibilities.
The newest magnets could run hotter and he thought he could get away without
cryogenic cooling. The magnets and the magnetic fields had to accelerate the
plasma, but he thought the field protecting the interior walls of the motors
should be minimized. The walls of the accelerator chamber and the area around
the accelerating magnets would be made of high temperature steel. The new
engine casings would be ceramic pressure vessels. The steel plasma chamber and
the magnets would be water cooled, with a fairly thick jacket of water inside
the ceramic casing surrounding the chamber. The water would still be very hot,
actually superheated steam, when the engine was running. As the water heated up
it would be sent to regeneration turbines to convert as much waste heat as
possible back into electricity to propel the ship while reducing the overall
heat in the system. He thought that the system would be able to operate for
longer periods at higher efficiencies, even though there might still be times
when the engines had to be stopped to cool them. Perhaps there was a way to
cycle the system on and off in short bursts, to keep the system from building
up a lot of waste heat.


The engines would almost certainly
use more fuel than current plasma engines, but the engine would run at a
temperature high enough to produce a decent amount of thrust while low enough
that the engine could run for long periods of time without a meltdown. After
all, the idea was to keep the engine running, continuously if possible, to produce
as much acceleration as possible. The longer the ship could accelerate the
faster it would go. Even a relatively low-thrust engine would be effective if
the ship could run under constant acceleration.


Another possibility for engine
coolant was to use the fuel, circulating it in the jacket surrounding the
acceleration chamber as it proceeded from the fuel tanks to the engine. Wallace
thought that could be a big saving in weight in the sense that there wouldn’t
be a completely separate system for water. He still had to extract heat from
the coolant and turn it back into electricity, requiring some kind of
fuel-based generating system, but there might still be merit in the idea. The
good thing about the likely fuels was that they weren’t terribly dangerous.
They wouldn’t catch fire or explode if they were kept hot. Definitely an idea
that should be explored.


There was still going to be some
waste heat in the propulsion system and it had to be prevented from building up
over time. His answer for this remaining loss was a set of cooling vanes,
probably running along the length of the craft in open space. They might look
like tail fins, or rectangular radiators, or perhaps like a last casing around
the engines that was open to space on both sides.


Wallace was also planning on
cooling the solar panels with cooling vanes connected to the solar arrays. Once
again, though, the intention was to try to squeeze as much power out of the
available sunlight as possible. The “sails” would incorporate another heat-based
regeneration technique. There were new materials that converted heat into
electricity and he planned to use them in the construction of the cooling
vanes. Between the regeneration in the panels and regeneration that cooled the
engines he hoped to bring the overall sunlight-to-thrust efficiency of the ship
above fifty percent in a system that could run continuously. The solar array
would have to be pretty big to get to a megawatt of power. It wouldn’t be a
racehorse, but a megawatt pushing a fifty-ton ship would have a trip
performance better than a short-burn chemical rocket while still being fairly
fuel-efficient. The thrust he calculated didn’t sound like much, but with no
resistance and a nearly constant push performance in space would be good.
That’s what he was after.


He worried about the mass of the
ship. The cooling systems were adding mass, even though they partially paid for
themselves by returning power from otherwise lost heat. He had to let it go,
however. He needed the radiative cooling on the sails and the engines to get
rid of the heat that couldn’t be converted to electricity and thrust.


He was still in a bind. He had to
focus on logistics and the organization he needed pretty soon or the plan would
stay a pile of bits on a disk. He didn’t want to leave the ship design as
conceptual as it was but staffing, facilities, and an organization to help him
get things done had to come now. This job wasn’t going to get done if he was
the only one working on it. His concept would take a lot of engineering and he
had to get a good team together to get it done.


   


Engineers and Businessmen


“Well, what do you think of our
boy?”


“Our boy, Aman? Who would that
be?”


Exasperated, Aman retorted, “You
know who I’m talking about, Chaz. How’s he doing? Are we making progress?”


The line was silent for a moment.
“He’s a good engineer. Very solid. I think his plan for the ship looks quite
good. On the other hand, so far he rather sucks at project management. He needs
help there, Aman. The project is rapidly outgrowing his ability to keep it
moving. He’s behind on staffing and would have made a hash of the facility if I
hadn’t stepped in. He’s behind on expenditures, too, of all things.”


“Hm. Well, what do we need?”


“I think a modest bump in the
budget to cover a project manager of some sort. That’s going to be a little
delicate. Wallace thinks it’s his project, after all, and he’s not going to
take kindly to having it taken away. I don’t think he’ll make it if we don’t
fix this, though, and in his heart I think he already knows this. If we move a
little gently I’m pretty sure the resistance will fade quickly and we will be
back on track. He’ll be happier and so will we if he sticks to engineering and
leaves what he considers the boring crap to someone else.”


“Do you have someone in mind to
manage the project?”


“I have. He comes recommended by
the project mathematician that Wallace finally managed to hire and I’ve heard
he’s good from other sources as well. Name’s Klaus Erheim. Knows a fair amount
about space projects and will understand the stuff Wallace is working on. Also
the kind of guy who can be a real pain in the ass to anyone who gets in his
way.”


“Okay. Take care of it.” Chaz
could hear Aman thinking on the other end of the line. “But the ship looks
good?”


Chaz smiled. “Yeah, it looks good.
This is going to work, bro. Better start getting your political sticks and
carrots and your checkbook out. A couple of years from now we’re going to make
a mess of the world order. And we need the checkbook out for project resources
as well. We’re going to have to pay for some pretty exotic stuff pretty soon.”


   


Klaus the Fixer


Wallace didn’t like what he was
about to do but he was at his wits’ end. Try as he might he wasn’t able to buy
launch capacity from any of the big providers. Parts were coming together and
the ground tests were going well. All that wouldn’t do a bit of good, however,
if he couldn’t get someone to take his cargoes up into orbit. Parts for a space
dock, the Lego kits that were the prototypes, the big kit that was the ship
itself and assembly drones had to have rides up.


Much as he hated doing
it he had to ask Klaus. It was a hard thing to admit, but he knew that Klaus
would get as much launch capacity as they needed. He would smile and grease his
way to what they needed, and if that didn’t work he’d cajole, harass, and annoy
as much as necessary to get the job done. In short he wouldn’t take No for an
answer. That was what they needed, and Wallace just knew he personally couldn’t
get it done in time. Not without a few years of therapy, anyhow.


He found the number and dialed.


**


Klaus knew what his problem was.
He needed money and the amount might be intimidating even for a man like
Treble. He asked for a meeting with Chaz and the big boss.


“Thank you for meeting with me,
gentlemen. I’m afraid we need your help with the Moonship project.”


Aman smiled slightly. “I take it
that means money.”


Klaus nodded. “Yes. Wallace is
having trouble arranging for the large number of launches into orbit that he
will need. Not in the hundreds, certainly, but likely a dozen or two. And he
says they will have to be dedicated- the mass of the subassembly cargoes will
be such that it’s unlikely there will be much chance of cost sharing with
others who might want to piggyback on our launches.”


“Chaz brought this up a while
ago,” replied Aman. We’ve been thinking about the problem. It’s going to cost a
lot of money but we have no choice. The best we can do is reduce costs. It will
be a long-term issue beyond the initial construction schedules, too.”


“We’re going for it, Klaus,”
interjected Chaz. “This is just the start. If the new ships perform as we
expect, we’ll be in business for quite some time.”


Klaus was a little surprised. He
hadn’t really taken seriously the sales pitch he had gotten when he had hired
on. The little he knew about lunar colonization problems suggested that
research stations, and relatively few and small ones at that, would be the only
likely permanent facilities. It wouldn’t take all that much to run out of
business if researchers were the only customers.


“Well, we have an immediate
problem that must be solved. I’m having trouble getting launch capacity for the
prototype and the first production sailer. The commercial launch firms like
small packages because they can fit a lot into one launch and spread the costs
across multiple customers. We’re going to need a number of dedicated launches
and we will have to bear the full cost of each. The providers are a little
leery of us. If we have to cancel a launch, or worse decide to cancel the
project, they’ve made expensive commitments for nothing.”


Aman thought for a moment. “What
do they want? A deposit or bond of some sort up front?”


Klaus shook his head. “I’m not
getting much in the way of feedback from these providers. I think perhaps I’m
talking to the wrong people. They’re leery of our project overall. They think
we won’t be there when they’ve got capacity waiting for us. A bond might help,
but they might want a large deposit for a number of launches up front. To me,
that makes the cost to us prohibitive. You, sir, could end up paying millions
for nothing if we go off schedule or cancel the project.”


Aman’s smile in response was
ironic. “I appreciate your concern for my wallet, Klaus, but I’m aware of my
risks. The overall gamble is much bigger than just the orbital launches and we
can fund this part without a problem.


Let me suggest this. Let’s give
them a bit of earnest money. Circulate a request for bid among the launch
people. Make the first RFP for all launches to complete the prototype and the
first production model, with, say, three additional launches for refuels and
cargoes. Tell ‘em we’ll pay a cash deposit up front per launch as soon as we
schedule our need, with an additional twenty percent penalty for substantial
delays and fifty percent for cancellations. That way they have cash in hand
before they have to provide us a vehicle, with a bit for their trouble if we
don’t show up. That should give them cost plus a bit to help them find new customers
for any launches we don’t use. Hardly a loss to them; they get paid and have
time to find new customers for any rockets we can’t use. Give them a reasonable
period for bid response, and we will do our best to turn around an award.” He
stopped for a second. “We’re far enough away that we can give them time,
right?” He looked at Chaz and Klaus.


“We’ve got enough time to give
these guys a reasonable window for evaluation and response.” Chaz looked at
Klaus. “I think you should sell the rocket boys on the long-term possibilities,
too.” He put on a salesman-like smile. “Give them the full pitch. Tell them of
all the wonderful plans we have to put permanent colonies on the Moon. They
might not believe you, but I guarantee that they’ll take you a lot more seriously
if they think you believe in what you’re pitching.” His smile got a little more
serious. “And don’t forget- in their hearts these guys want to believe in us.
They would like nothing better than to have regular cargoes going to the Moon
on their rockets.”


Klaus nodded. “I understand. I
think some upfront money will make a difference. Some of the smaller players
are always a little short of cash. A deposit will break the ice, and we might
get some decent bids. Um, do we have anything that you might want me to
incorporate into a sales pitch for the long-term plans?”


Chaz shook his head. “Not much on
paper yet, but I think with a little research you can come up with some
motivators, at least for the first ship’s objectives.” Then he looked at Aman.
“But about the long-term, Aman…”


   


Getting There is Only Half the
Fun


Aman had been half
expecting a call from Chaz, especially since they hadn’t talked in a while..
They tended to text and email more, but calls happened occasionally. And if it
was about what he thought, a call was best.


“What’s up, Chaz?”


“We’ve been working on
the destination problems. I think we should get together to go over the issues
and our progress so far.”


“Okay. When do you want
to do it? Do you want to come here or should I come to your place?”


“I need a few weeks to
pull a presentation together. I hate to pull Wallace and Klaus off the ship but
I think it would be good if they both went over things with me and my
destination team. I think it will take an afternoon to go over the issues and
present some likely solutions to you. Probably best if you came here. That way
if there are any last minute questions we can take care of them quickly.”


“You know I’m pretty
useless on the technological details. If you want me in on this it sounds like
this meeting is about cost.”


Chaz looked serious.
“Afraid so. I don’t think it’s a killer but if you are serious about planting a
flag on the Moon there are problems that have to be addressed. Timing is an
issue too. Right now it looks like the ships will be ready before we can
implement a destination plan. We need time for site research and selection of
course, but even then the ships look like they’ll be early. We have to do some
hard thinking to get things to mesh.


Besides, both you and
Klaus should know more about what we think the permanent base or bases might be
dealing with. You guys are our salesmen, and the more you know the more
realistic the pitches will be.”


“All right. Give Charity
a ring when you think you can set a date.”


“Will do. See you soon.”


Aman knew about
unanticipated problems. Those were the ones that were expensive and painful. He
had wondered for some time whether Chaz and he had gotten ahead of themselves
with Wallace’s moonship concept. He didn’t want to abandon the ship, but if the
destination problems were too expensive or plain unrealistic that might have to
be the decision. That was the only answer, though. Chung wanted to build a
ship. Aman wanted the destination. He wouldn’t need the ship if he couldn’t
have the Moon.


He didn’t think Chaz was
talking about backing out, though. If not, he was right about this meeting. And
maybe they would need more meetings as well. As he said, it never hurt if the
sales guys actually knew what they were talking about.


**


There were a dozen
people in the room for the presentation on Lunar destination problems. Chaz
opened his laptop and presented his first slide. It was titled “Problems.”
There were six bullets on it.


 


1)     
Magnetic field


2)     
Solar wind


3)     
Moon dust


4)     
Nitrogen and carbon


5)     
Locations and shelter for medium-term habitation by humans


6)     
Gravity


7)     
Funding


 


Aman spoke up almost
immediately. “That’s an interesting list of topics. I thought we would be
talking about lack of air and water. Things like that.”


Chaz replied. “We’ll get
there, but first we have to start with the fundamentals.”


“Well, then I’ll keep
quiet for a while and let you talk.”


Chaz smiled. “Okay. I’ll
get started.


Our first issue of
concern is the magnetic field of the moon. Or rather, the lack of one. It turns
out that the moon doesn’t have a magnetic field.


This is a significant
issue because of Item Two on our list, what scientists call the solar wind. In
addition to light, the Sun generates a high velocity flow of ions, a plasma,
consisting almost entirely of single protons and electrons, the constituents of
hydrogen atoms. There are traces of other stripped elements in the wind, but
the wind is almost entirely ionized hydrogen.


The velocity of the
solar wind relative to the Earth or the Moon is on the order of hundreds of
kilometers per second. The density of the solar wind is pretty low, however, so
over short periods of time it’s generally not dangerous. The short-term hazards
tend to be Coronal Mass Ejections (CMEs), during which the solar wind can
increase by a couple of orders of magnitude. While those are an issue, the real
problem is long-term exposure. Over months and years continuous exposure to the
solar wind can do a lot of damage.


On Earth we are
protected by our planet’s magnetic field, which diverts the solar wind around
the Earth, rather than bombarding the Earth’s surface. We get a few leftovers,
but typically very little of the solar wind ever reaches the Earth.”


Aman interrupted. “We
knew about these problems early on in the project. Do we have any solutions
that look feasible?”


 “I’m getting there. I
wanted to cover issues and ramifications of some of the problems first. A lot
of these things are linked together, and solutions might well have to address
multiple issues at one time.”


Aman nodded. “Got it.
We’ll follow where you lead.”


Chaz went back to the
problems.


“Since the Moon lacks a
magnetic field the surface is bombarded by the high-speed ions of the solar
wind wherever and whenever the surface is exposed to the Sun. The ion
bombardment causes the rocks of the Moon’s surface to break down in a process
called sputtering, producing a layer of superfine dust over much of the Moon.


While the overall solar
wind is electrically neutral, the electrons and protons distribute across the
Moon in a way that causes different parts of the Moon’s surface to have
different charges. If a drone or a person moves around on the surface, a charge
can be built up in one place that discharges in another place because of the
difference in charge in that area. Sort of like miniature lightning. This can
mess with any kind of equipment that is electrically sensitive, so the things
we send up to the Moon have to be shielded or grounded to be protected from the
charge levels on the Moon’s surface. If a person or a vehicle is moving around,
the protection has to be good enough to prevent discharges that might do
damage.


 While the charge
buildups are a problem, the superfine dust created by the long-term bombardment
of surface rocks by the solar wind is a problem in and of itself. It’s so fine
it acts as a high quality abrasive. It also gets into anything with a seam in
it. And the dust itself is charged, so it is drawn to and clings to anything
that isn’t magnetically shielded in some way.


 It seems like it’s
never been talked about in a really public way, but it’s also no secret.
Apparently the first astronauts ran in to problems with the dust getting in to
the very fine seams on their spacesuits and with dust eroding things like the
soles of their moon shoes. I don’t think anyone’s ever come out and said it but
I think there’s a chance that no one’s been to the moon since the first
landings because some pretty extensive precautions have to be taken against the
dust. The dust gets into everything and quickly destroys most anything we might
want to send up there.”


Aman raised his hand
again.


“The dust problem sounds
awkward. Do you think no one has tried a long stay on the Moon because of a
bunch of dust?”


Chaz shrugged. “Possible. This is just the first of some pretty big
problems, however. The variation of charge on the Moon’s surface is also a
substantial issue. Apparently variations of several hundred volts can arise
across relatively small areas of the Moon’s geography, so it’s necessary to
make sure there’s a way to stay grounded. It doesn’t seem to be a problem if a
machine or a man stays in a really limited area, but over a distance, say
between the top and bottom of a hill, the voltage drop can be pretty large. A
discharge of a few hundred volts would give us our miniature lightning strike,
and most electronics don’t take kindly to that sort of variation in their
environment.


There are also things like the two-week long days that cause overheating
in the day and sub-zero freezes at night, but compared to a locally charged surface
and clingy, superfine dust the heating and cooling problem might be a
relatively minor issue. Temperature variations just add increments to the
really big problems.”


“So, do we have an approach or are we stuck?”


“We have suggestions. Suggestions that we think can be implemented.
Whether our solutions will work…” He shrugged again. “We can find out quite a
bit here on Earth, as well as in space. But we won’t know for sure if our
solutions work until we land some probes designed to test solutions.


For example, we have ways of sheltering our Lunar station, or stations,
from the solar wind. The easiest seems to be locating as much as we can in
caves. That’s probably the easiest thing we can do.


The problem with that solution is that it isn’t complete. There are going
to be things at our Lunar stations that have to be on the surface, exposed to
the solar wind. Right offhand, two examples come to mind- research facilities
like observatories, and energy producing facilities like solar panel farms. For
these we need a surface solution, and the best one seems to be a man-made
version of Earth’s protection. That’s some form of a magnetic shield. Such a
shield will be the first of its kind, and it’s nearly certain that any lunar
station, even an automated one, will be some kind of hybrid that mixes
facilities in caves or other forms of shelter with magnetically shielded
resources on the Lunar surface.”


Chaz took a breath to start another topic. He wasn’t used to long
presentations, and this one was going to be pretty long.


“Caves and a magnetic shield reduce the likelihood of solar wind damage
in the foreseeable future. But what about the damage that has already been
done? In particular, what about the moon dust?


This might actually be the problem with the easiest solution. Our idea is
to use plasmas or lasers to melt the dust. Once melted, the dust will reform as
rock again. Carefully done, it’s possible that melting the dust will result in
fairly even, possibly even smooth, platforms on which to build. Or under which
to build. Remember that we have to find a way to protect our resources from the
solar wind.


It’s likely that we will use some kind of high-energy laser to do the
melting, but at this point plasmas can’t be excluded. There are some scenarios
in which a plasma sprayer of some sort may be the best solution. We have to do
some R & D to make our decision.”


Chaz continued. “So we have what appear to be feasible solutions to the
problems represented by items One, Two, and Three. Now we have to deal with item
Four, or more generally the availability of elements critical to the survival
of humanity on the Moon.


The most amazing thing about the Moon is that there is a great deal of
oxygen locked up in rocks on the Moon’s surface. Or amazing to us, at least. It
turns out that oxygen is extremely common in the universe, and actually
composes almost forty percent of the elements on the lunar surface. The oxygen
is bound into various compounds, of course, but it is there for the taking.


With the solar wind bombarding the surface with what are essentially
disassociated hydrogen atoms, we have not only oxygen but the other constituent
of water in quantity. In answer to your question about air and water, Aman, we
can crack oxygen out of Moon rock. As for water, there are not only deposits of
water ice in areas not exposed to the Sun, but we may be able to use the solar
wind to help create water.


There’s not a lot of water on the surface of the Moon because water is
volatile and simply evaporates off of most parts of the Moon as soon as it is
created in the heat of the Lunar day, probably within seconds of the hydrogen
and oxygen atoms getting together. The trick will be to capture any water we
generate so it can be used. We have a limited answer to the problem of water
because there are places on the Moon where water ice appears to have
accumulated, and there is probably enough water ice to make a small population
self-sufficient. With some ingenuity, though, we may be able to produce water
from the free hydrogen bombarding the surface and the substantial quantities of
oxygen locked in rocks. The first trick will be to catch and hold free oxygen
and hydrogen. The next trick is to combine them and hold on to the water once
it forms.


Creating our own water may not be necessary, though. We may be doing ice
mining, since some estimates of the availability of water on the Moon suggest
the supply is enough to last many decades, if not centuries.


There are also substantial quantities of things like silicon and iron,
even titanium, stuff to make things with. This is one of the major positives of
an effort to inhabit the Moon. Concerns about oxygen and water may not be all
that significant and there are other quite useful elements on or near the
Moon’s surface.


There are some things that are missing, however. Things that are quite
important to life on Earth, and which will probably be critical to survival on
the Moon. The two most important elements that appear to be in short supply are
nitrogen and carbon. We tend to think of Earth’s atmosphere as composed
primarily of oxygen, but as you know nearly eighty percent of the atmosphere is
nitrogen. It’s all over the place down here and it’s in a lot of things that
humans need to survive.


 Carbon is needed as well. It is a fundamental component of every organic
compound and also has some important uses beyond that. No carbon, and humans
won’t be around very long. The problem on the Moon is that there isn’t much
carbon in the ground and no atmosphere full of nitrogen, and both carbon and nitrogen
are trace elements on the Moon’s surface.”


Aman spoke up again. “I’m not sure why you’ve got the lack of nitrogen
and carbon as long-term problems. Seems to me that could be a concern pretty
quickly.”


Chaz nodded. “It could be, but the need is so critical that we simply
can’t go to the Moon if we don’t carry nitrogen and carbon with us. They are in
us, they are in our food and the wastes we produce, and nitrogen pretty much
has to be available in the atmosphere we create. In effect we are importing
carbon and nitrogen from the first minute we step on the Moon.


This is a bit like our problem of holding on to oxygen and water. What we
have to do is hold on to the carbon and nitrogen that the inhabitants bring
with them. We have to make the environment for our people as efficient as
possible with recycling, so that we don’t waste the elements we bring with us.
Over the long term, we hope to minimize losses so that we only need to bring
additional nitrogen and carbon to the Moon to replace those small losses. For
example, if we want to grow food on the Moon we can use waste products from
people, the way primitive peoples have done for centuries, to provide most of
the nitrogen and carbon needed. But no process is ever one hundred percent
efficient so there will have to be injections of new material from Earth or
somewhere else to make up for any losses in our processes.


One of the Moon’s paradoxes is the lack of surface carbon. Carbon happens
to be the fourth most common element in the universe, and yet it is available
only in trace amounts on the Moon’s surface. Is it possible that there is
carbon below the surface somewhere, carbon that could be mined? If so, we have
a long term solution to our issue. And if not, why not? Where did it go? If we
don’t have naturally occurring carbon on the Moon, can we bring it in cheaply?”


Chaz took a breath. “So those are the major issues. Some of the problems
require nearly immediate solutions, like a shield from the solar wind and a
solution for the dust. Some are probably intermediate, like generating oxygen
and water or mining water ice to reduce the need for imports from Earth. Some
are long-term, like finding a way to preserve nitrogen and carbon in the new
settlements and finding inexpensive ways to replace rare elements that will
inevitably be lost over time.”


Chaz highlighted Item Five on his laptop.


“Once we have items One through Four resolved, we arrive at Item Five-
deciding on locations and building human habitations and other facilities. On
Earth, Item Five is where colonization starts. That is, we have to decide where
to put settlements, and build shelters that make human habitation safe.
Compared to our first four issues, Item Five is pretty straightforward. Not
easy, we still have to come up with structures that are airtight or vacuum
tolerant and can either accommodate the temperature swings on the Moon or be
protected from them in some way. If we solve the big problems, though, locating
and building settlements will be practical. If we don’t take care of the first
four, putting settlements on the Moon for even moderate periods of time, on the
order of months, may not be practical.


The drones we are going to send down from the first cargo run of the
sailer will be focused almost entirely on the gathering of data for selection
of research and human habitat locations. We have a fair amount of data from
prior lunar probe missions, but our purpose is to get very practical about our
options and opportunities.


We have had at least one good idea arise from some of our consideration
of Item Five. That is, we should plan on using solar panel installations not
only to generate power, but to provide a first level of shelter for surface
structures that do not require visual or radio access to the surface. The idea
will help with temperature control, reduce the area that requires magnetic
protection, and provide first-line shelter from radiation and physical
penetrations of more expensive facilities. Perhaps not genius, but definitely
food for thought as we plan construction of surface lunar facilities.


Our second-to-last bullet is Gravity. I chose to put this one near the
bottom because at present we have an approach to low gravity survival and our
best estimates don’t look too bad, based on what we know of human life in zero
gravity. Gravity is a low priority issue for us because we have experience in
zero gravity at the International Space Station and on earth via a number of
experiments that have been conducted over decades. According to current
estimates, visitors to the surface of the Moon can stay for up to two years
without experiencing irrecoverable physical issues. We don’t want to take
chances, though, so I believe that we will set a limit of a year for a stay on
the Moon for any given person. That should be enough time for most researchers
to get things done. It should also be adequate to allow construction workers
and other service personnel to acclimate and be productive for an extended
period.


This doesn’t mean that we can simply let visitors go to the Moon without
making them aware of the issue and providing an approach to living on the Moon
that maximizes their chances of recovery from a low gravity environment. That
approach is to provide people with rigorous exercise regimes and set limits on
the amount of time that any human stays on the Moon to avoid irreversible
damage. Based on what we know of zero gravity living, visitors will have to be
monitored, and our time limit should be rigorously enforced.


One thing we don’t do much of in zero gravity at present is use machines
to do work, rather than people. People are still more versatile than machines
in space, but there are things about the lunar environment that might make
automation much more cost effective.


Bottom line is that we have a successful approach to the problem of low
gravity. Even though it’s untested in low gravity as such, it has been tested
in a more severe environment- that of zero gravity. Unless we are missing
something pretty big, our experiences with zero gravity should provide a decent
guide for survival of humans on the Moon.”


Chaz highlighted the last item on his list. This one blinked off and on,
and drew some laughter from the audience. Aman smiled, but he didn’t laugh.


“Last but not least, we have Item Seven- Funding. Putting humans back on
the Moon is going to cost money, especially if the decision is to keep a number
of habitations operating on a permanent basis. Clearly this is a problem that
is in a class by itself. Our principle backer is shelling out quite a bit of
his personal wealth to get our solar sailers up and running. If we want our
ships to have places to go, however, we have to start thinking technologically
about how we build successful human habitats someplace other than Earth. To do
that, we need to find backers, whether they be private concerns or governments,
to help pay our way. In the short run we may be able to make it by
supplementing Treble funds with research grants. In the long run, however, we
have to find financial or other important reasons to have people live on the
Moon. Some form of return on investment will be needed. Perhaps not in the
first couple of years. By year five, however, I think colonization of the Moon
will be in trouble if we can’t find something in the way of ROI that at least
gives people hope that permanent human habitats on the Moon can be made to pay
for themselves.”


**


The following day, Aman and Chaz were having lunch at Aman’s office. When
coffee came out, they settled back to talk about destination issues on the
Moon.


“It sounds like I have to write the solar ships off or we develop a
marketing plan to get backers for colonization of the Moon. I guess it would
help if our marketing plan actually had a potentially profitable product to
sell.”


Chaz stared at his coffee cup and toyed with it. “I think we can find you
a product, but this thing still isn’t going to be cheap. I’m not sure I would
have brought you this project if I had recognized some of the colonization
issues beforehand. You were looking for something to do, though, and the ships
looked like a good project.”


He looked at Aman. “I think your first step has to be deciding what you
want to do with your life. The ships will be done fairly soon, but colonization
will take years. Probably decades. Do you really want to spend your time
finding money for a proposition that is as risky as this one?”


Aman chuckled. “When I was a young guy I couldn’t have imagined what I’m
about to say.” He took a sip of coffee and turned serious. “I want to leave
something behind when I go, something more than a pile of cash that someone
else is going to waste. I don’t have any kids and there is no way I want to
leave my money in some trust for lawyers to get fat on. I’m thinking that the
Moon colony, for better or for worse, is something I can leave behind. Even if
it’s not a success, at least we will have left the information about what made
the failure. Even if we fail, our attempt may help someone else to get it
done.”


Chaz smiled ironically. “You know, it would be a lot cheaper to have kids
than to spend your dough on a Moon colony. I’ll bet Charity’s got a dozen
hottie girl friends, any one of which would love to help you spend your money
on them- and their babies.”


Aman looked disgusted. “Yeah, right. Like going through a few divorces
would be cheaper.” He smiled and shook his head. “No, thanks. If I find someone
special, well, I might change my mind. But not right now. I’d rather beg for
money for a worthy cause. I think I’ll take the Moon.”


   


Steam
Turbines


Wallace was feeling much better about
the project after the last few days. The meeting about Moon problems had been a
bit scary; he hadn’t really thought much about what his ship was going to do
once it was operational. It helped to know that Aman and Chaz were thinking
about that and had another team working the problem.


Things were starting to come
together. For a while his regeneration idea for the moonship engines had almost
turned to dust. He couldn’t find companies that made high performance turbines
at the scale he needed that could use ammonia as the working fluid. Most
regeneration facilities were far too big to fit on the ship, as well. The
customers for such things were big organizations trying to save on costs to
really big ones like power companies. Not much market for regeneration for
one-megawatt plants. Especially not regeneration based on ammonia.


Then he’d found a company that
made small regeneration steam turbines for everything from small farms to
middling-sized factories. They weren’t perfect for his needs but they were close.
He had taken Albert Sanchez, his chief engineer, and Suzette Thompson, his
chief mathematician, along to visit the company. They had talked over the
possibilities with the folks there and he had waved a little money under their
noses. It helped that a big money guy like Treble was funding them. The
turbines that he wanted for the ship would have to be high performance,
lightweight, and highly reliable. Just the kind of expensive little toys the
engineers at the company loved to have someone else pay for. Now Wallace just
had to bring in Klaus to make sure these guys didn’t rob him blind.


   


Aman Talks Politics


Aman had never met the Secretary
General but he needed a multinational authority to control the Moon, and the
United Nations was as multinational as it got. He was a little surprised that
it had been fairly easy to arrange an appointment with her. But then, money
tended to talk even when it wasn’t crossing any palms.


The Secretary General rose and
reached across her desk to shake hands. “Mr. Treble. I don’t think we have
met.”


“You’re correct, Madam Secretary
General, I’m sure we haven’t. Thank you for extending the privilege to me.”


“I am frankly surprised, Mr.
Treble. Your reputation precedes you and there is little of the diplomat that I
can see. What brings you to me?”


Aman took a deep breath. A lot
rode on this meeting and he wanted to get it right.


“About a year ago, a young man
sent a proposal to my foundation that we elected to fund. After a year of
progress I believe that the young man will soon succeed in an endeavor that
will have a profound impact on the future of humanity.


While the project is not yet
complete, it is likely that in two years we will demonstrate the availability
of low-cost, high-speed travel to the Moon. Perhaps of more importance, we will
soon begin development of a craft of greater capabilities that will enable
humans to travel to Venus in a fraction of the time required by other means.
Like our lunar ships, the interplanetary ships we intend to build will also operate
at considerably lower cost than anything now available.”


The Secretary General knew little
about space treaties, but she did know that at the moment the Moon Treaty and
the Outer Space Treaty were little more than pieces of paper. With the
exception of the ban on nuclear weapons in space, they were of little practical
use. As the Americans would say, they were nothing more than apple pie and
motherhood. They were that way for a reason; at the time the Moon Treaty was
written only the USA, the UK and the then- USSR had any interest in the Moon,
and only one was demonstrating the capability to get there. Since then no one
had found a strong reason for establishing a permanent colony up there, or even
a good reason to return. As for the Space Treaty, there were many signatories
but the treaty had yet to be tested. As long as there were no human beings
anywhere except on Earth and manned space travel was prohibitively expensive
the Space Treaty worked. What would happen if someone found a reason and
economic means to establish a colony on the Moon or some other place in the
Solar System? How was ownership going to work on a distant rock that no one
really owned? She frowned a little. Had Treble found a good reason to go back?
Would getting there faster and cheaper make a difference?


“What does this have to do with
the United Nations, Mr. Treble?”


“We intend to establish a
permanent colony on the Moon, ma’am, as a stepping stone for trips to Mars and
Venus. We recognize the problem with any one of the major powers controlling
the Moon. If a single nation takes control, there is a pretty good chance that
a major power shooting war will start. We don’t want to be the cause of that,
and we don’t want to be fought over.


It seems to us that the U.N. is
the best alternative to any of the major powers. I think that we need a few
things. First, we need a document covering governance of non-Earth territories
that addresses the needs of any colonies, research stations, or other
settlements that may be established in the near future. That has to include
some means of establishing ownership of parcels of land peacefully. Second, I
think we need some police or similar organization to act as a sort of trip line
in case one of the major powers decides they want to take any Lunar settlements
by force. Third, we need a judiciary to make decisions in cases of crime, civil
disputes, and possible violations of our governing document.”


The Secretary General interrupted,
“What about a legislature?”


“We will need that, too, but right
now any colony we build will likely be rather small, almost certainly too small
to require a legislature. My foundation will implement our corporate behavior
policies but I think we will also plan on limited-charter town meetings for
self-governance for a while. Meetings that all inhabitants of the Moon will
attend by some means. The first colony will be more a research station than
anything else, and a research station with a fairly narrow purpose: providing a
detailed assessment of the resource situation on the Moon and finding locations
suitable for a permanent colony that will be more than a tourist attraction.”


The Secretary-General turned her
chair and stared at a large bookcase against her office wall for a while,
digesting what she had been told. She turned back to address Aman.


“I don’t think we can help you
very much with your plan. Much as I’d like to be of assistance, the permanent
members on the Security Council are quite unlikely to allow anything meaningful
to come out of my office. With the exception of Earth orbital satellites, there
is no profit motive for activities in space and therefore no interest. There
has been no evidence that establishment of permanent habitations on the Moon
will be little more than curiosities for the foreseeable future. Of course, if
you do demonstrate that colonization of the Moon will someday be profitable,
the major powers will scrap over rights like dogs over a bone.


There is also the strategic
argument against permanent habitation. Once there, a colony on the Moon could
be a valuable military asset, a place from which to launch high-velocity
weapons toward Earth. The Space Treaty forbids nuclear weapons but variants of
conventional weapons such as kinetic weapons are not mentioned. The major
powers on the Security Council have become experts in cold war. They do their
fighting on other people’s property to insulate their own people from most of
the violence. The Moon would be a great place to fight over because of its
possible strategic significance and complete or nearly so lack of innocent
victims. That is, assuming that your project demonstrates that the Moon can
become a relatively inexpensive orbital bombardment platform.”


Aman shook his head. “We think
that hauling strategic weapons up to the Moon, even with our new technology,
will not be cost effective any time soon. We also think that the amount of
warning a nation will have if someone attempts an orbital bombardment will give
the target a fair amount of time to prepare, and particularly a lot of time to
counterattack with Earth-based nuclear weapons.


On your first point, however,
that’s why we need some form of political shelter. The technology exists to
make the Moon readily accessible. Whether or not it’s our group, someone will
implement existing technology to get to the Moon quickly and cheaply. If that
happens in a political vacuum the major powers will turn the Moon into a bone
to fight over, as you suggest. That’s why it’s necessary to fill that vacuum
with something that will keep them at bay. At the least they will have to think
twice if we have some political cover in place.”


The Secretary General swung her
chair away from Aman again. Not a patient man, Aman waited patiently as the
Secretary General stared out her window. At last she turned back again.


“Do you think that getting to the
Moon will produce a significant return?” She grimaced. “Of course you do.
Otherwise you wouldn’t be here.” She leaned forward a little.


“I can’t do much for you
officially, but give me a day or two to think this over. I think there may be a
way we can work together on this a bit and solve both our problems. I may get a
decent agreement on space activities and fill a potentially troublesome gap.
You will get the cover you need to keep the big dogs at bay.” She smiled and
rose from her chair. “And now I must end this meeting. You’ve taken the little
bit of free time that I have in this job and given me an excuse to fill all of
it.”


She offered her hand to Aman, who
rose and shook it. He smiled. “Thank you, Madam Secretary General. I am sure
any assistance from you will be worth the wait.”


   


Albert’s Bad News


“It isn’t going to work.”


Wallace looked at Albert Sanchez,
his principal engineer, with a look that could kill. He was in no mood to be
told that his ship wasn’t going to work.


“What do you mean it isn’t going
to work?”


Albert shrugged and waved his
hands. “I mean it isn’t going to work. It looks like there are two problems.
First, we can’t get the half-moon sails into orbit. We looked at the biggest
cargo carrier out there and the rocket diameter is too small to handle a large
segment of the frame arc. We’d have to break each sail edge down into four
pieces, maybe more, and trying to put them together again in space is going to
be difficult. If it works at all without human hands-on. And for each join
point we have to add we’ll weaken the frame and make it heavier. It may be
really expensive even if we can do it, because we would probably have to
dedicate a whole cargo run to the outer frame sections alone.”


The design of the ship currently
ahead in the development process included two sails. Each sail was a large half
circle, the two halves separated by a space for the ship’s hull. The outer
edges of the half circles were lightweight metal arcs that supported the outside
edge of each solar sail. The half-circle design was intended to provide strong
support for the solar panels while keeping the weight of the ship’s sail frames
as low as possible. An arc was stronger than a straight edge of the same
material.


Whether or not the half-circle
sail frame was the best design, it couldn’t easily be taken into orbit by the
existing cargo carriers. They simply weren’t large enough in diameter to hold a
length of curved aluminum big enough to keep assembly of the sail frames in space
easy. Then there was the loss of the original weight advantage and the possible
weakening of the frame.


The base of each sail was a long,
straight mast that spanned the diameter of the sail. The main masts were fifty
meters long and were attached to a massive (in space terms) axis that connected
them both. The hull of the ship sat at the center of the axis, inside a gimbal
that enabled the hull of the ship to change direction relative to the sails.


Overall the ship looked like a
huge letter H inside a broken circle. The H was made up of the ship’s hull and
gimbal and the two masts. Each half circle was divided in two by a spar that
stuck out of the center of its mast. The sail frames were split by what the
team had come to call the spars of the ship, hollow aluminum tubes that spanned
the radius of each semicircle from the center point of its mast to the outer
ring. The spars stored the very thin material of the solar sails when the ship
was at rest. When no power was being drawn by ship’s systems the fabric of the
sails was completely tucked away, folded like an old Asian hand fan inside
their spars. This was done to keep the sails from accumulating heat from the
sun’s rays when the sails weren’t generating electricity. The spars contained
the electrical cables that powered the sail motors and cables bringing power
back from the sails. When the ship was under way, each side of the H formed a
large solid semicircle of fabric like two hand fans that had been popped open.
At least, that had been the plan.


Albert continued on. “We’re also
beginning to think that the solar panels are going to take a beating because of
the switching we might have to do. As you know, part of the solution to the
heating problems in the solar panels and the engines is to turn off the
electricity by retracting the sails into the spars. It looks like opening and
closing the fans frequently to turn power on and off will cause a lot of wear.
The alternative is to slow down the switching, but it might have to be so slow
that we can’t really use it. Maybe the regen system will take care of the
cooling problem, but if it doesn’t and we have to open and fold the sails
frequently we’re sunk.”


Wallace sat back in his chair,
looking tired and frustrated. “So are we back to the drawing board? What about
the window shade design that we started? Was that a flop, or did we abandon it
just because we wanted to get the sail weight down?”


Albert shrugged. “We ditched it to
get the weight down. It looked like it was going to be quite a bit heavier no
matter how we put it together. But we have to get the frame up there. And that
might still be a nonstarter because we run the risk of not being able to shut
down without causing a lot of wear in the panel. We have to try something
else.”


Wallace nodded. “It doesn’t matter
how much better the circular frame design is, and we’re likely to have to
switch power on and off frequently to let the plasma motors cool and the sails
from accumulating heat.” He thought for a moment and then made the decision.
“Okay, let’s backtrack and try the window shade arrangement. Maybe there’s
something we can do to keep the weight down. Whether or not it’s heavy, it will
almost certainly be easier to ship and assemble just because the frame parts
are straight. It’s also going to be quite a bit faster to open and close the
sails if we have to do it.”


Albert nodded. “Will do. It might
not be so bad. It’s only the sail structure that has to be redesigned. I don’t
think we’re going to have to rework much if anything of the payload.”


Wallace frowned as he went back to
work. “I sure hope not.”


As it turned out there were some
advantages to the window shade design that weren’t immediately obvious. As
Albert and his team worked on the redesign it looked like there were some good
things about a rectangular design that hadn’t been taken into consideration.


Perhaps most important was the
cost. The standard type of solar panel fabric was made in rectangular sheets.
Material for a rectangular sail would be almost an off-the-shelf item. For the
circular sail the solar panel material had to be cut into arc slices like
pieces of pie, which meant additional cost for custom sail parts. The change in
cost wasn’t small, either. There were virtually no other customers ordering pie
slice-shaped solar panels and all the costs for development, setup, and
fabrication had to be borne by one customer (their moonship project) and by the
first set of sails. The difference in cost between rectangular and arc sections
of sail material was nearly a factor of five. Although the sails were not the
most expensive part of the ship, no part of the ship was cheap and the change
in cost alone was dramatic enough to call into question the original idea of
fan-shaped solar sails.


It turned out that the engineering
of the new system was also easier to understand. The new system was quite
similar to an electrically driven horizontal window shade and there were plenty
of those around to look at and play with. There were some differences in the
solar sails to be sure, but the fundamentals were similar.


The new design consisted of two
large rectangles, each forty meters “high” and twenty-five meters wide, for an
area of a bit over two thousand square meters. The newest variety of panel
fabric was lightweight, sturdy, and highly efficient, and two thousand square
meters would generate over one megawatt of power. Each sail was a frame of
aluminum tubing that formed the edges of the sail, with strips of solar panel
running across the width of the frame. The team called the long tubes masts and
the short tubes that formed the top and bottom of the sail its spars. In
addition to the spars at the top and bottom, there was a spar in the middle of
each long section of sail. The center spar broke each sail in two and contained
additional “up” and “down” motors, so that there were four sails that could be
independently operated.


The solar panels were fastened
together in long rolls, with wiring at the top of each section of a standard
width of solar panel. Small motors at the top and bottom of each sail were used
to roll up or pull down a solar panel window shade. (Motors had to pull down
and draw up the window shade; there was no gravity to pull the sails down.)
When the solar sails were inactive they were rolled up into a cylinder at the “top”
of the two top sails and at the “bottom” of the bottom sails; when they were
deployed to generate electricity they rolled out to form a flat surface between
the top and bottom of each sail frame. A series of wires running from each
rollup cylinder of each sail carried electric current to the inside mast where
it was routed to the ship’s systems and the plasma engines.


At the top of each width of solar
panel was a spring-loaded fin running along the length of each panel that
deployed perpendicular to the solar sail. The fins served two purposes. They
were made of a special material that absorbed the waste heat from the solar
panels and turned a portion of that heat into more electricity. They also
provided radiating surfaces to get rid of the remaining waste heat from the
sail. The cooling vanes rolled flat when the sail was “furled” into the rollup
cylinder of the spar to essentially turn off the generation of electricity


Albert showed Wallace the updated
rectangular design on his computer display. “It looks like this design will
actually be better than the one with the half-moon sails. It’s heavier, but the
cost is almost certain to be lower and the ship’s sails are likely to wear
longer. We can also do a better job of managing the heat in the engines and cooling
system because we can furl and unfurl the panels quite frequently without
putting a lot of stress on them. We’ll lose some cargo capacity to the added
weight, but we’ll almost certainly save money on construction and wear and
tear.”


Wallace watched the
three-dimensional view on Albert’s design station as it rotated slowly on the
screen. “How much additional weight?”


“We think about a ton because of
the motors and the increased weight of the masts. That’s an upper limit,
though; it could be quite a bit less if we can keep the weight of the masts and
spars down.”


“What about the cooling vanes for
the solar panels?”


“That might have been the easiest
part of the redesign. We have to have at least one reinforcing rod attached to
each section of panel to stiffen it. We changed the material in the rods and
flattened them out so that they are now the cooling vanes. The vanes use an
extra cable run in the pivot rods and sit perpendicular to their solar panels
so they can radiate the remaining waste heat out into space.”


Wallace nodded. “Okay, let’s run
it through the trip simulators to see how things work. We need the updated
figures on weight, too. Every pound we have to put into the ship is a pound of
cargo we can’t carry.”


“Okay, boss. I think we’ll be okay
with this design. Are you going to update Klaus on the change?”


Wallace nodded again. “Yeah, but
it will be brief. The savings in costs will make him happy and I’ll try to keep
him away from the loss of cargo weight. Right now I think anything that saves
money on the ship’s construction will be okay with him.”


   


The Lunar Compact


In the year since his first
meeting with the Secretary General, Aman had politicked his way across more
small- to medium size nations than he cared to count, promoting his (actually
the Secretary General’s) draft of a constitution for the Moon. He carried the
draft with him everywhere, looking for support from the Secretary General’s
list of potential signatories, checking in to other possible supporters, asking
for suggestions and listening to problems. In retrospect the draft constitution
seemed to hold up well under scrutiny. People took it seriously and made
thoughtful suggestions, some of which made their way in to revisions. Even
though he was the one pushing the draft he was somewhat amazed at how many of
the nations he visited seemed to approve and were willing to back it up. The
Secretary General’s plan had worked; he had agreements in principle from twenty
nations. Many of them were in a group he most wanted to have on board- medium
sized, not particularly aligned with any political block, and interested in a
piece of the lunar action. He thought he could turn those agreements into
reality, especially once the first ship made a run.


He thought he understood the
reasoning behind the general reaction. From the viewpoint of the less powerful
nations in the U.N. the Lunar Compact would give them a chance to wedge
themselves and possibly the rest of the world into what was the nearly
exclusive province of a small number of powerful nations. (One of the first
suggestions he received was to call the proposed document something other than
a Constitution.) It would also help to reduce the threat of open warfare
between nations who wanted a piece of the lunar pie. That was the most
significant of his original concerns, and it looked as though his efforts and
that of the Secretary General were going to pay off.


Once Aman had started to push the
Lunar Compact there was no way he could keep the agreement or the ship secret.
Fortunately the current crop of spacefaring nations weren’t taking the project
seriously. They thought of him as foolish and considered his personal crusade
to get to the Moon a rich man’s folly, nothing to spend always-scarce national
resources on. As far as Klaus and Chaz could tell no one was even trying to
evaluate Wallace’s work. The potential competitors were all busy making money
on their satellite businesses. In a strange way the Compact had contributed
camouflage for the ship; the space nations focused on the political issues and
were unconcerned about the progress of the project. They treated Aman’s
objective of protecting a lunar colony as a big waste. There weren’t any
colonies now; they themselves weren’t planning any, so why bother?


Nonetheless, he wasn’t entirely
happy with the outcome. The draft had taken much more of his time than he had
anticipated, and as usual time was money. (The push also hadn’t been much fun.)
His businesses had suffered from neglect and would suffer further if he wasn’t
able to get back to them soon. Aman was hoping he could get an announcement in
the immediate future, partly for the sake of his businesses, but also because
the first ship was nearly ready. When his drone explorers landed on the Moon,
he wanted to get the Lunar Compact portrayed to the public as more than a piece
of paper. Once out in the open, it should be harder for any latecomers to seize
any of the planned research stations.


At least that was what he hoped.
His next tasks were to get his group of nations together to establish some sort
of government for the Moon, publicize the agreement, and arrange for some
security to be on the Moon as soon as the civilian research station was
inhabited. All of it would cost money and time. He wasn’t sucking so much of
his personal wealth out of the businesses that he would lose control, but he
still had to keep things moving. That was likely to change as soon as the
Treble Foundation (or maybe one of his corporations?) starting shipping people
up for long-term stays. He had to get things wrapped up soon or find additional
sources of funding to bear some of the burden.


   


The Assembly Drones


The drone team entered the new
control room and took a look around. The room itself wasn’t much; empty except
for a series of ten workstations that looked like they belonged in a game
arcade.


The operator positions were
comfortable shells with some isolation from each other. Each faced a bank of
monitors dedicated to the management of a single drone. Each drone needed the
support of two workstations. Ten workstations controlled four drones; the last
two were supervisory stations that could take control of any given drone if
need be, but whose primary functions were to coordinate multi-drone activities
and manage the overall workflow.


Over the next two months the drone
team would actually work with simulations of the actual drones while the
machines themselves were still being completed and then taken into orbit. Once
the drones were up the workstations would switch out of the simulations into live
operation in space.


The team’s two months would be
spent learning the basics of drone handling first, and then learning how to
assemble the construction space dock and the ship in the alpha version
simulation. The operators would contribute their experiences in the alpha
simulation to the development of beta procedures, recommending needed changes
to the space dock and the ship kit. Then beta feedback would be applied to a
production simulation. Wallace and company hoped that the production simulation
would deal with one hundred percent of the real in-space procedures that
operators would have to execute, as well as a goodly portion of any unexpected
contingencies. That was probably a bit unrealistic. Somewhere, somehow,
something unexpected would turn up. That would be the real test of the in-space
concept and the drones themselves.


In addition to building the space
dock and the ship, two of the drones would be carried on the ship to be used
for some regular and all emergency maintenance. Some members of the ship’s crew
would learn the basics of drone operation to enable them to operate the drones
during voyages. For the cargo carrier, all of the human crew would work from
Earth; the ship’s artificial intelligence system and the drones would be the
crew for the trips to Moon orbit. The human crew would return to action when
the ship dropped its passengers- a set of three stations and six mobile drones,
customized for landing and exploration of the lunar environment. The mobile
drones were one-way actors. They would land as a group via a rocket-powered
frame and break off to start their exploration.


Each construction drone was
controlled by a “mover” workstation and a “handler” workstation. Both mover and
handler workstations had nine video screens, each of which covered sixty
degrees of vision horizontally and sixty degrees vertically. The human
controller could view a full one hundred eighty degrees of horizontal space and
one hundred eighty degrees of vertical space. There were controls for forward
and backward acceleration, a two-button joystick allowed the user to turn right
or left; pushing the joystick forward caused the drone to nose “down” from its
position, while pulling back would turn the drone “up.” Up was defined as
moving into the drone’s primary headlight beams; down moved the drone into the
light from two smaller headlight beams on the bottom of the drone.


There were also controls for two
tether reels on opposite sides of each drone. The tethers had hooks and
electromagnetic pads at the ends to fasten a drone in place, both to keep the
drone relatively motionless while working and to keep a drone from escaping
away into space in case of an accident.


The handler workstation had a
similar visual setup with nine video screens, but the controls consisted
primarily of two sets of two gloves each that the operator would use to control
the motion of four manipulators on a drone. The “big” manipulators were near
the top of the drone on opposite sides of the body. The two “small”
manipulators were set close to one another at the front of the drone top (or
“head”). Via drone an operator could grasp, move, and handle parts of the ship
kit. The manipulators were first rate technology, one set enabling the operator
to grasp and move large, heavy objects such as a plasma engine and the second
set capable of manipulating small parts that required fine motor coordination
like tools, screws and other small fasteners. Within some limits the large
manipulators could also be used to pull the drone around the ship or the space
dock. The two operators thus had control over two different forms of locomotion
for their drone- maneuvering jets to cover distances and position a drone
quickly and manipulators to pull the drone along the space dock or parts of the
ship for short distances.


The drones were designed to propel
themselves by jetting water steam from nozzles arrayed around the frame of the
drone. Water was heated by electricity from solar panels and pure sunlight
where there were no panels. The operator could control speed by releasing more
or less steam through the drone’s jets, but the jets were limited to prevent an
operator from overaccelerating. The two tethers, the ends of which could be
fastened to the ship or the space construction dock that the ship and its parts
were clamped to, also limited drone motion. The tethers ensured that the drones
could not fly off uncontrolled in case of an accident or malfunction. The
tethers were retractable, and proper procedure was to have at least one tether
attached to the ship assembly or the space dock at all times.


In a nearly frictionless, zero
gravity environment like space, it’s easy to forget that a little push will go
a very long way. It’s easy to forget that objects moving in space won’t stop
unless they are stopped by a force equal to and opposing the force that started
them moving in the first place. Inexperienced drone drivers were very likely to
use too much speed and force to get to a position, especially one at some
distance from the drone’s starting point. They were also very likely to make
braking mistakes by using too little or too much braking force.


For very small distances the move
operator could maneuver a drone in what the team called “manual” mode. In
manual mode the joystick worked just like a game joystick, slowly rotating the
drone in the direction required. Once the target was in the operator’s gun
sight the accelerator pedal was pushed to get the drone moving, albeit slowly
because of the firm limits to acceleration built into the drones’ programming.
Once the drone was moving it was necessary for the operator to brake the drone
with the brake pedal; again with the force of the jets severely limited.


For larger distances, however,
more force was needed to move the drone quickly, and more force was necessary
to stop the drone’s motion. It was hard for operators to move the drone
efficiently, and even harder to balance the braking force against the original
push to stop a drone in the proper position.


The team attempted to deal with
the problem in a very video game-like way, both to reduce the amount of time
and fuel it took to position a drone and reduce the likelihood of collisions
with the ship, the space dock, or another drone. The operator could set the
drone in “automatic” mode, in which the drone handled all the calculations to
start, maneuver and stop itself to get to the desired location.


The mover operator could set a
target on an object by rotating the drone and setting a gun sight on the
object. The operator then pressed the Calculate button on the joystick; the
drone brain would calculate the distance to the object and the force vectors
needed to get the drone to the object. Speed was not controlled by the operator
in automatic mode; the drone calculated a speed appropriate to the distance and
the availability of fuel. If the operator was satisfied with the parameters
calculated by the drone, he or she pressed a button on the joystick to execute
the move. The drone fired its steam jets and then fired a reversing set when
the drone was within the drone manipulators’ reaching distance. In the process
the tethers were automatically reeled in or out to minimize tangling and
prevent the drone from coming to a halt because it ran out of tether. The
process was a little cumbersome but reduced human error in positioning. To the
extent possible the drones did their own “housekeeping” to maximize the
efficiency of the operator. At least, that was the plan.


   


Drone Problems


Lucy slammed the joystick forward,
causing the simulated drone to spin head over heels. As the drone wasn’t real,
the only thing the slam did was cause the view on the displays to roll as if
the camera was attached to a ball. She needed something to throw and there
wasn’t anything available.


“Damned rotten little teapot!”


Wallace pinched his nose, trying
to relieve the tension brought on by one of his cousin’s temper tantrums. He
hadn’t planned on hiring his cousin even though they needed someone in the
programming area. Family forces being what they were, however, he had relented
and brought Lucy on board. As good as she was she had a temper, one that tended
to show up in verbal abuse of whoever or whatever was the source of her
frustration. He restrained himself and did his best to ask a calm, meaningful
question.


“What’s wrong, Lucy? Is there
something we should look at?”


“Yes, dammit! Every time I try to
line something up the jets aren’t calibrated closely enough and the stupid
teapot drifts past my target! Worse, the little tiny difference between the two
brake jets causes the stupid drone to turn. I can’t get the drone lined up
enough to pull the trigger to get the damned thing moving in the right
direction!”


He looked over at Albert, who
motioned him over with a pained look on his face. Wallace took the couple of
steps over to Albert’s station. He whispered quietly, “Is she right?”


Albert shrugged. “She has a point.
The drone sims work but it takes a lot of time to line one up on a target. If
the calibration of the jets is just a little off it gets to be a real pain to
line a drone up and get it moving in the right direction. Something has to be
done; the drones will be out in space where we can’t just go out and replace or
recalibrate pairs of jets.”


“Are you sure this isn’t something
in the simulations, rather than the drones themselves?”


“The guys checked the simulation
software. They’re pretty sure it’s a real design flaw. They checked the design
of the steam jets and with no friction and no gravity it doesn’t take much of a
difference to cause the drone to spin.”


“Well, what are you going to do?’
yelled Lucy. “I’m not going to spend my drone time jockeying one of the little
bastards around. We need an effing solution!”


Wallace made a conciliatory motion
with his hands, hoping he could quiet Lucy down a bit. “Okay, Lucy, okay. We’ll
take a look at the design of the drones to see what we can do. We get the
point. They’re hard to maneuver with the jets. Albert and I will get together
with the drone engineers to see what can be done. We’ll review the procedures
manual too; there might be something we can do to help the drone drivers guide
them. Why don’t you take a break, relax a little, and try running through some
manipulator scenarios at one of the handler stations?” He looked at the rest of
the trainees in the drone room. “I think it’s best if everyone takes an early
lunch and work at the manipulator stations when you come back. Team up and take
turns running the scenarios. And if anyone has any ideas to improve handling of
the drones, feel free to share them with Albert or me.”


   


Fixing the Drones


“Okay, Albert, let’s hear it. Can
we fix the drone design?”


Albert nodded. “Yeah, Wallace, it
can be done. We’ve run a couple of designs through the simulators and the best
one works really well. The only problem is that none of the workable designs
are modifications. It’s actually a brand new drone. At least half, maybe more
of the original design is being replaced.”


Wallace looked stricken. “Oh, man.
So we just threw away a bunch of money on a bad design and we’re going to have to
go to the drone builders and tell them to start over?”


Albert nodded again. “Pretty much.
The drone guys aren’t going to be real happy, but on the plus side we caught
this early. They haven’t gotten very far into assembly yet. And they’ll
grumble, but they’ll think about the extra cash flow and the pain will go away.
The guys that are putting up the money, though…” He left the punch line unsaid.


Wallace frowned and wiped a hand
across his forehead. “Man. They’ve been good about the money so far, but this
one’s going to hurt. There’s no way we can fix the old design?”


“Not really. We looked at it and
it’s pretty fatally flawed. We just didn’t realize how close the tolerances had
to be on the jets to ensure that the push and the brake forces were identical.
The only good thing about this is that the simulations let us catch the problem
early instead of getting drones up in space and finding out they didn’t work
then.”


“How does the new system work?”


“It’s pretty simple, really. In
the old model the operator maneuvers the drone around to get the sight set on
the destination. In the new system, the only thing that moves before the
operator pulls the trigger is a sighting camera. The drone stays stationary
until the operator executes the move. The drone can be completely out of sync
with the camera. The drone does its reorientation as part of the process of
getting to the target.”


“That’s great! Why didn’t we
design the drones that way in the first place?”


Al shrugged. “There are some
tradeoffs. The programming is more complex now; it’s not just about figuring
out how much force is needed to launch and stop. It’s more expensive, too, both
for the software and the drones themselves. Now the cameras have to be able to
rotate, elevate, and decline separate from the drone. The engineering is tricky
because we have to counterbalance any camera motion to hold the drone steady
until the operator is ready to go. We didn’t think the original design would
cause the operators as much trouble lining up the drone as they had.”


“Yeah. Well, I’d better go tell
Klaus. He’s not going to be happy.”


Albert looked shocked. “You mean
you haven’t told him yet?”


“I didn’t want to take him a
technical problem until we had a solution.” Wallace shrugged. “I hate telling
him that we’ve got a problem we don’t know how to fix. He gets you in range
with those beady eyes and it feels like he’s drilling a hole in your head with
them.”


“Well, better you than me. I sure
wouldn’t wait any longer.” Albert looked thoughtful. “I’ll get on the phone
with the drone builders. He’s going to want costs. The sooner we get him those
the better.”


“Right. Get them to me as soon as
you’ve got something.” Wallace sighed. “I’ll go talk to Klaus now.”


Klaus looked at Wallace with a
stony, thin-lipped expression. “Do you have a cost for me?”


Wallace shook his head. “Not yet.
Al is going to get me a rough from the robotics company as soon as he can. He’s
probably on the phone now.”


“You’re sure we have a fix?”


“Al says they ran a number of
options through the simulators and the one the engineers have selected is far
superior to the old system. It will save a lot of time in training and during
assembly of the ship, which should help to counterbalance the redesign costs.
It’s going to cost up front, though. He says there’s no way to fix the old
design. They have to throw away half or more of the original.”


Klaus turned away from Wallace.
“Once Albert gets the rough have him call me. I want to be involved in the
negotiation of the final cost to us. Let’s not allow the drone fabricator to go
wild with our money.”


They stood in silence for a few
moments. Wallace had the feeling he hadn’t yet been dismissed.


“Next time come to me as soon as
you know there is a problem.” Klaus turned back to look at Wallace again and
Wallace got that head-drilling feeling. “The sooner I know we have a
contingency the sooner I can review budgets to see if we can handle the problem
internally. Mr. Treble is spending a great deal of money on this project and
will do what is necessary to keep it moving, but I would rather not impose on
his largesse if we can act responsibly when something comes up. And next time,
let’s try to get the design right the first time.” With that Klaus turned and
walked away.


Wallace watched Klaus go. He felt
as if he was a sixth grader getting called on the carpet for not doing his
homework. ‘Not impose on his largesse?’ Really? Did he think they were out
buying sports cars for the engineers? They’d done their best; sometimes that
was how engineering worked. Get the design right the first time? The best you
ever got was pretty good the first time. It wasn’t unusual for a first try to
be dead on arrival. That was just the way things went.


 Wallace was angry, but he did his
best to get past his feelings. Klaus might be an asshole, but he was an asshole
who got things done. He knew that Klaus would go scrounge money in the budget
and then pick the robotics guys’ pockets to get Al his refab. In the process Al
would have a chance to watch a real money guy handle a vendor and Wallace would
be able to continue working with the engineers instead of going to meetings in
which vendors would treat him like a prime sucker.


Wallace pulled out his cell and
called Albert.


**


 “Hey Al, this is great!” Lucy
yelled across the drone room at Albert. “Smooth as silk. Set the sight and the
old teapot takes off and heads straight to the target. Much better than trying
to line up the drone first. She stops on a dime, too. Real good shit! Next time
let’s go for this first!”


Lucy wasn’t looking his way, so Al
grimaced and shook his head. Lucy had caught an important glitch but she was
still a pain in the ass. Wallace must have an iron stomach to have her around.
She was a good programmer and all, but the yelling was definitely hard to take.
And he wished she wouldn’t call the drones teapots. There were superficial
similarities, but a teapot was definitely not a highly complex semi-robotic
device. He guessed he’d better get used to it, though, at least as much as
Wallace. Especially after her catch on the drones, it wasn’t likely she was
going anywhere.


   


Moms and Dad for Alvin


Lucy, Suzette and Robbie Kay were
grinning like Cheshire cats as Wallace, Albert, and Klaus entered the room.
Suzette was the team mathematician and course management specialist, and Robbie
was the human pilot (the ship’s “captain”) and computer management specialist.


The three men knew only that their
programming team wanted a meeting. The e-note from Suzette included no
additional information. The object of the meeting was still a mystery.
Apparently there were some things that couldn’t be handled in the normal weekly
roundups.


Klaus, who had little time for
games and mysteries, opened the conversation. “We are all here. What is the
purpose of the meeting?”


A voice from the computer
interrupted. “Hello, Klaus. How are you?”


Startled, Klaus was confused for a
moment. “Who is that? Do we have someone phoning in to our meeting?”


Suzette smiled impishly. “Well,
yes, in a manner of speaking. Gentlemen, say hello to Alvin.”


Klaus, Wallace, and Albert all
looked mystified. “Do we have a new man on the team?” asked Klaus.


The three programmers still had on
their silly grins. Lucy shook her head. “No, Alvin isn’t a man. He’s an
artificial intelligence. I guess you could say he lives in the computer that’s
going to go into the moonship.”


A light came on and Wallace spoke
up. “Wait a minute. Are you guys saying that you developed an artificial
intelligence to pilot the ship?”


Robbie spoke up. “To be fair, only
Suzette and Lucy created Alvin. I just talked to him a lot. It was a little
tough at first, but now he’s a pretty good conversationalist.”


“Piloting the ship turned out to
be the easy part of the software,” said Suzette.


“Alvin came about because we
needed a program that could deal with maintenance and system failures with as
little human intervention as possible. The software had to be heuristic, able
to make decisions based on limited data in unstructured situations. The
software then had to be able to make the appropriate fixes or control the
maintenance drones to make them. We also wanted a system that would forecast
the need for preventive maintenance in advance of failures to the extent
possible.”


“If this was going to be a
once-in-a-lifetime flight, Alvin wouldn’t be necessary,” added Lucy. “We could
wing it with human monitoring and intervention, continuing to control the
maintenance drones from the ground. We realized, though, that the moonship
wasn’t going to make just one run unless it was a failure. If things worked as
planned, we wanted the ship to take care of itself to the extent possible. When
we go interplanetary, we’ll really need a ship that can take care of itself.
Thus,” said Lucy, “we have Alvin.”


“I believe my parents have taken
the correct approach to their needs.” Alvin’s contribution startled the entire
team. “Indeed, Suzette is quite correct. Piloting the ship is relatively easy
given its ability to change speed and maneuver efficiently. Not at all like the
old rocket-driven vehicles. It’s really just a matter of taking frequent
measurements of the positions of the Moon and the ship and making adjustments
as needed. As I will begin with a rough estimate of the required trajectory,
the rest should be easy.


 The more difficult part of my job
will be the prediction and execution of maintenance needs as well as decision
making in case of unanticipated failures. Even though maintenance and repair is
likely to take a small fraction of the time I will spend on navigation, that
fraction is at least as important. The problems will include a far larger
number of variables and there may be situations in which the information
available to me will include elements of uncertainty for which I have to
compensate. Further, navigation errors will be correctable. Any errors made in
maintenance and repair are likely to be extremely costly.”


Klaus acted somewhat annoyed after
Alvin’s comments. “Was it really necessary to develop a speech module for the
ship?”


Suzette responded to the question.
“We didn’t develop a special module, strictly speaking. We bought a package
that we integrated into Alvin’s intellect via his neural net. That was a lot
less expensive than trying to build up Alvin’s communication system any other
way. That was really the easy part. The hard part was teaching him what he
needed to know about the ship and its workings. That took weeks. Frankly, his
speech capabilities are a very minor part of his personality. If he needs speed
of communication he will use his high speed network to display messages to the
human crew back on Earth and his drones and other devices on the ship. His
ability to vocalize is more about his social interactions than his job piloting
and maintaining the ship.”


“Do you think Alvin can
pilot and maintain the moonship on his, er, its own?” asked Wallace.


Robbie nodded. “We used
the most recent ship simulations to train him. He’s also done well with the
scale models. He’s at least as good as I would be as a pilot and far superior
at monitoring and maintaining the ship. Don’t get me wrong, I’d really like to
pilot ships to the Moon, but Alvin can do the job without me unless there’s a
real catastrophe of some sort and a pilot has to improvise. Even then he has
engineering capabilities at Albert’s level, expertise that I don’t have. In
case of a genuine emergency I think I’d rather have him as pilot than me.
Humans will only be necessary in case of a complete loss of power and under
those conditions I’m not even sure a person would be much use.”


Suzette leaned forward.
“We want Alvin to train on the moonship so that he can be cloned into the
interplanetary ships once they are available. There should probably be a human
crew available, but we’d like to be able save the humans for emergencies. On
the multi-month voyages, crew and passengers should be hibernating to save
stress on the humans and reduce food and fuel requirements. Alvin’s our test
bed. If he can handle months of cargo runs he should be able to handle a
months-long run to Mars or Venus.”


Klaus shook his head.
“I’m not sure that having an AI as pilot is safe. It may not sell well to
potential passengers to the Moon, either. What if it made a mistake in a real
emergency? We might end up completely shut down.”


“That’s why we want to
do this now,” pressed Suzette. “We can afford mistakes during unmanned cargo
runs. He can safely learn now. Once we have passengers and long distance
flights he’s either ready or he’s not and there won’t be any opportunities for
“live” exercises any longer. And we’re not going to leave him completely on his
own even now. Robbie will be watching and paralleling his decisions on these
cargo runs. The Moon is close enough that communications won’t be so lagged
that they are useless. We certainly don’t want to lose the ship, but if Alvin
is going to fail let’s let him fail now.”


Wallace looked at Klaus,
who seemed to be the only one having trouble with a ship piloted and maintained
by artificial intelligence. “They’re right, you know. An artificial
intelligence can be tested now. Once we have passengers, we’d better have
enough data from the cargo runs to make a decision to commit human lives to an
AI pilot. We might want to leave the maiden voyage in Robbie’s hands, but we
should test out the AI on the subsequent unmanned cargo runs.”


Klaus looked unhappy but
he nodded slowly. “Now is the time if we think this is a viable option. I don’t
think Alvin should be left alone on the maiden voyage, but the AI pilot should
be tested as soon as possible after that.”


After letting the humans
thrash out his future, Alvin chimed in again. “That sounded like a positive
decision to me. I’d like to be on board for the moonship’s maiden voyage but
I’ll take the next trip if that would make everyone more comfortable. I’m ready
when you want me to take command.”


Wallace looked at the
three tech types across from him. “By the way, when did the solar sailer become
the Moonship?”


   


Building the Ship


“Okay, Al. we’re in position.
Drone’s lined up and tethers are both attached.”


“The next step is to reel in the
tethers to get the tension equalized and hold the drones firmly in place
against the sail ring while we move the two modules into place. Not interested
in having the drones drift while we try to dock the pod.”


“Rob, Lucy, tension up your
tethers now.”


“Aye, cap’n, rolling up the slack
now.”


 The two drone drivers entered the
command to equalize the tension on their keyboards and the tethers slowly began
to roll up on their reels. It took just a moment for the slack to be taken up.
The positions of the drones were stabilized against what the team called the
sail ring.


The ring was the large gimbal that
enabled the ship to point its drive in directions other than perpendicular to
the solar sail array. Even though the sun might be behind the ship, for
example, the engines could be moving the ship right, left, up, or down from its
original position. The ship could even be flipped over so that the engines
pushed the ship in a direction directly opposite the sun, a critical feature
needed to slow the ship down when it made orbital insertion around the Moon.


With one drone on each side, the
control and engine modules would be slowly moved together to lock into position
on opposite sides of the ring. The idea was to pull the two major modules
together without moving the center of gravity of the assembly, so the assembled
components wouldn’t start to move around relative to the dock. Once things
started moving, stopping any unwanted motion could be a problem.


“ We’re at zero motion and nominal
pressure on the tethers. Okay, set your tethers to reel in at a quarter meter
per second. Start the pull on my mark.”


Lucy repeated the command back.
“Reel in at a quarter meter per second. Ready and waiting.”


Rob chimed in. “Ready here.”


“Mark.”


The drones began to pull, and the
distance between the engine and control modules began to shrink. Slowly the
three major components of the ship began to come together.


   


A Little Publicity


The people in the conference room
represented the twenty nations that were signatories to the Lunar Compact. Aman
thought of them as “non aligned” because none of them had close connections
with any of the current major power space agencies. There were also about a
dozen journalists, half from technical websites and half from moderately
prominent newsites in attendance.


A mixture of scientists,
politicians, and journalists, it made a strange group. The media were there
because a well-known and quite wealthy retired pro ball player had spent a ton
of money on a spaceship. Perhaps more consequential to some of their readers,
Aman was a wealthy black man contributing to scientific progress in a very
public way. The scientists and the politicians were there to represent their
countries and see what their countrymen had bought for their signatures on some
rather obscure paperwork.


Adam Treble went to the
podium to make his announcement.


“Ladies and gentlemen, a bit later
today the solar sailer Edison will make its maiden voyage to the Moon.
On its first voyage Edison will equal the speed of the early Apollo runs
from Earth orbit to Luna. The trip will be made at a quarter the speed we will
come to expect from solar ships like Edison, at far less cost in
equipment and fuel than the Apollo missions. Assuming this first trip is
successful, our next step will be to make a series of runs to carry cargo to
the Moon. The first of these trips, and perhaps a few later, will drop a
variety of probes to conduct in-depth research into the Moon itself. Once we
know more about the Moon, we will send up robots and other machines, with some humans
included, that will build facilities to house human researchers for limited
periods. Assuming all goes well, we will return mankind to the Moon to stay.”


The last line caused a little
conversation among the politicians and scientists. They now knew what their
countries had signed on to but they were still a little unsure about what it
all meant. The journalists had questions. One of them rose to ask his.


“Uh, Mr. Treble, uh, I just got
this assignment. I guess the rep who knows this story is out sick. I apologize
if my questions are silly. You mentioned ‘solar sailor’ and ‘solar ship’. Does
that mean your spaceship is powered by the Sun?”


“I didn’t catch your name, sir.”


“Oh, sorry again, I’m James
Adanaya. I’m from Science and Politics.”


“Well, Mr. Adanaya, I hope your
friend recovers soon.


 Concerning your question, you’re
right. Edison is the first of what I hope will be a series of solar
powered spaceships capable of transporting large cargoes, and eventually
people, to the Moon. In addition to Edison we have one more ship in
final assembly at the Treble Systems space dock in Earth orbit, and another in
parts at our facilities in Taiwan, Costa Rica, and Puerto Rico.”


A young lady rose immediately and
asked the next question. “Cynthia Camallo of Science International, sir.
I understand your ship uses ammonia fuel. Did you consider any other options,
and if so what were they?”


The first reporter looked confused
and interrupted. “Wait, I thought the ship was solar powered?”


Arman responded, “It does use
ammonia fuel. I understand that other fuels were considered but there were
strong arguments for ammonia. As for your confusion, Mr. Adanaya, you have to
remember Newton’s Third Law. You know, for every action there is an equal and
opposite reaction? Edison uses electricity provided by its solar panel
sails to accelerate ammonia ions, which provide thrust to propel the ship.” He
grimaced ironically. “And I am afraid you have exhausted my technical knowledge
concerning the ship’s propulsion. I will have to refer any technical questions
to the head of the Treble Space Unit, Dr. Chaz Delsun, who can also put you in
touch with my technical staff for anything really complicated.”


Another reporter’s hand went up.
“I’m Samuel Loo, U.S. correspondent for Taiwan Science. It took roughly
three days for Apollo 11 to get from Earth orbit to the Moon. Are you saying
your ships will get people to the Moon in less than a day?”


Aman was beginning to thank his
stars for the long briefing Chaz had given him. “That’s right, Sam, we think
eighteen to twenty hours from earth orbit to lunar orbit. And we won’t leave
anything like boosters behind when the ship returns.” He stopped for a moment
to come up with a good way to communicate his next thought. “Speed has never
really been an issue in getting to the Moon. It’s always been about the
expense. Our solar sailers are going to do their jobs not just quickly, but
cost effectively. The biggest problem of getting to the Moon has been solved
not by us but by the people who have made inexpensive trips to Earth orbit
possible. That’s always been the big cost. We’re going to go faster, but it’s
more about cost, reusabililty, and reliability for us. The Moon isn’t going to
be our big payoff, either. The real payoff will come when we begin to make
trips into interplanetary space, where the continual acceleration of our ships
will greatly reduce cost compared to chemical rockets, making human travel to
Venus, possibly Mercury, and perhaps even Mars truly practical.”


A hand in the cluster of
politicians went up. “I am Serafina Delgado, representing Mexico. As
signatories to your Lunar Compact, will there be any benefit to us as you begin
interplanetary space travel?”


This was another question that
Aman wanted to answer in exactly the right way. He smiled. “That depends. As a
signatory, we hope you will take advantage of the intent of the Compact and
give serious consideration to sending not just scientists, but other skilled
workers as well to the Moon to help establish human habitats there. If you’ll
forgive a theft of an old company saying, we would also like you to consider
buying a piece of our rock. Your country and the others that have joined the
Compact will be given priority as you help us build places for the first space
settlers to live and work. The Compact contains rules for establishing
ownership of portions of the Moon’s surface, so the legal wrangling over who
owns the Moon can be kept to a minimum. We believe this will benefit both your
nations and our project by showing your citizens what you have obtained for
their tax dollars and enabling the development of a group of skilled citizens
in space. Their discoveries will contribute to the welfare of your people, and
these citizens of your countries will be in great demand as space becomes the
next frontier for all of humanity.”


Ms. Delgado asked another
question. “Can you be more specific about benefits? The major space powers
think there is no rationale, other than scientific curiosity, for establishment
of permanent habitations on the Moon.”


Aman knew his briefing had been
superficial but he decided to try an answer anyway. “We believe that merely
addressing the challenge of survival on the Moon will be of enormous value to
humanity over the long run. I understand your concern, though. The dollars
needed to fund a Moon colony are immediate, while the scientific benefits are
in the future, at best.


Our intention is to establish the
Moon as a waystation on humanity’s journey to the other planets of the solar
system. The Moon has all of the materials necessary to build ships that can
journey to the planets. Beyond availability of materials, energy is much
cheaper than on Earth. In the short run solar energy is available in greater
quantity than on Earth. In the long run the Moon has a greater supply of
deuterium and tritium, isotopes of hydrogen that will be used to fuel fusion
powered space ships. Perhaps even more important, the cost of building and
operating spaceships will be considerably reduced if we don’t have to bring
fabricated parts up from the bottom of Earth’s gravity well. If we can build
and fuel ships on the Moon, getting to the planets will be much more cost
effective. The cost of a colony on the Moon will be high, but it may be quite
small compared to trying to build and fly ships from the Earth’s surface. And
if we’re going to Mars or Venus anyway, why not do it cost effectively?”


A number of hands went up. Aman
knew he was already out of his depth and it would be a good time to hand the
session over to Chaz. He smiled again and held up his own hand.


“I really think it’s time for me
to get back to the things I know well and leave questions about planets and
spaceships to people who understand these things. My good friend and director
of my space unit, Dr. Delsun will take over now. Thank you very much for
attending our announcement.”


   


Maiden Voyage


Wallace looked at the screens over
Albert’s shoulder. They were both nervous; even though the scaled down
prototype had worked well they were scaling up a lot, with more weight, more
stress on the sails, and more heat to dissipate. If this worked, though, the
world was going to be a different place. Especially in space.


“How does it look?” he asked.


Albert scanned the screens and
cracked his knuckles. The knuckle-cracking was the tell that Albert was
nervous. Suzette stood behind the other workstation, looking over Robbie’s
shoulder.


“Everything looks good. All green;
no marginals. Mark One looks good; power to environmental and control systems
nominal.”


Mark One was the first of a series
of control points along the sail masts. It was the minimum position of the
sails as long as the ship required power. The sail area exposed to the sun at
Mark One was just enough to run the ship’s systems and charge the batteries
without starting the engines.


Wallace took a deep breath. “Okay,
then. Albert, unlock from the frame. Robbie, push her off with maneuvering jets
on Albert’s mark.”


Almost immediately, Albert announced,
“Frame unlocked. All locks clear. Jets on at Five, Four, Three, Two, One,
Mark.”


Everyone looked at the exterior
views of Edison on the central screen. A half dozen views of various
parts of the ship were displayed, with rotation of two views every thirty
seconds. Robbie turned the small control wheel of the maneuvering jets and
pushed buttons. The ship moved ever-so-slightly away from the space dock,
continuing to drift after the jets were shut down. Once the ship was a few
meters away from the frame, Robbie announced, “Ship clear of frame.”


Wallace spoke into the air.
“Alvin, how are you doing?”


A disembodied voice filled the
control room. “Everything is A-OK, Wally.”


Wallace wasn’t a fan of the short
form of his name, but Alvin stuck with it. Alvin would handle navigation and
engineering on the voyage. It was a test not only of the ship, but of Alvin as
well. Although Alvin had flown the scale model, that one was never intended to
venture out away from the Earth. Alvin was going to take this trip to the Moon
and back.


With a little luck the people in
the control room on Earth would have little to do during the trip. The human
team on Earth would monitor only the first few hours as Edison’s early
acceleration widened her orbit. Alvin would handle most of the remainder of the
trip, including insertion into orbit around the Moon. Assuming all went well on
this no-cargo “dry run” the human team would exert greater control during the
next run, when three fairly expensive automated research stations and six
mobile drones would be the cargo. People would be observing and involved as Edison’s
cargo was separated and the cargo components landed on the Moon’s surface.


“Okay, Alvin. We’re
going to get moving.” He turned to Robbie. “You’ve got the con, Robbie. Unfurl
the sails to Mark Two. Ship’s engines on ten seconds after sails at Mark Two.”


They all watched as the
next portion of the black solar panels unrolled to form more sail area. The
process was both slow and tense; some of the sticking points in the first
system tests were failures of the small sail motors. The problems had been
solved for weeks, but the team still remembered the frustrations.


“Engines One and Four up and
running at low power,” announced Albert. “Fuel consumption matched. Gimbal
controls wiggled and operating smoothly. Acceleration at zero point five meters
per second-second.”


Alvin’s voice came on over the
speakers. “Confirmed. Moving slow but sure.”


Wallace rubbed his hands together
and smiled. The rub was his nervous tell. “Okay. Unfurl the sails to Mark 4.
Let’s give her a shove.”


Albert smiled. “Aye, Captain.” He
turned the control for the sails, watching the motor positions on the masts and
the slight increase in fuel consumption. Now everyone was smiling.


Albert announced, “All systems
nominal. Engines Two and Three online and synched. Acceleration at one meter
per second-second.”


Alvin came on the PA system.
“Navigation program up and running. Recalculating trajectory to compensate for
launch initial conditions.”


Next came the big question. “How’s
the heat in the propulsion system?”


Alvin responded, “Heat looks good,
in nominal range. Looks like I’m not going to get toasted.”


Wallace smiled broadly. “Okay,
guys. Check stress readings as acceleration and steering take effect. Let’s see
how she does now that she’s at full power. Alvin, start pulse cycle. One hour
of thrust for one hour of drift. We’ll take it easy this trip.”


“Aye Aye, Captain.”


“Robbie, Suzette, any concerns on
trajectory?”


Robbie responded, “Nope. We’re off
a little bit but barely worth the course correction. Probably should wait until
we get to the ellipse to make a correction.”


Suzette nodded. “Agreed.
Trajectory is well within the error envelope at the moment. The recalc hardly
changed on launch.”


Alvin interrupted the silence
after the ship went to full power. “Isn’t this where people break out the
champagne or something?”


Wallace kept his smile. “Not yet, Alvin. Not until you get back from the
Moon. Then the party will begin.”


   


To the Moon and Back


So far the plan had gone
flawlessly. The trip to lunar orbit had gone quickly and the nearly month-long
stay above the Moon was over.


The human crew had been inactive during most of the trip,
with the exception of the turnover of the ship to begin the midcourse
deceleration. They watched Alvin do his thing for a few seconds as he made sure
that the torque of the ship’s hull as it rotated to reverse direction was
balanced. The sails stayed pointed toward the Sun while the hull rotated in its
gimbal to point the ship’s engines opposite the outbound direction of travel,
beginning the task of reducing the ship’s speed as it closed with the Moon.


 Suzette, Lucy, and Robbie had
started working with Alvin to develop an observation plan that took advantage
of Edison’s ability to maneuver under acceleration shortly after he was
awake and fully programmed. There had been refinements in the plan and mods of
Alvin’s programming as issues arose. Once Edison reached the transition
into lunar orbit Alvin and the computational people began work to execute the
plan, collecting new mapping and spectrographic data on Edison’s first
cruise to update information required to determine a site for human-inhabited
research stations. The stay near the Moon lasted a full thirty days, to enable Edison’s
video systems to record a map of the entire lunar surface in daylight.


In many ways the Moon is a tough customer to
produce a comprehensive orbital exploration plan for. The ship had to orbit in
a north-south direction because of the importance of the Moon’s poles as
possible locations for human habitats, locations where water ice in permanent
shadow and energy in the form of nearly constant sunlight were close to one
another.


Then there was the problem of
highly variable gravity. The Moon’s gravity changes significantly from place to
place due to patches of dense material in some regions of the Moon. In
particular some of the large meteor impact basins, which in theory should have
a somewhat lower than average gravity, have higher gravity due to the higher
density of the material in and under the basins. These areas, ‘mascons’ for
short, cause Low Lunar Orbits (LLOs; about sixty kilometers altitude) to be
unstable for satellites attempting constant velocity transits, orbits that
don’t require power. Alvin had to use information from previous lunar
expeditions to help him account for changes in Edison’s altitude as it
passed over the dense impact basins. Fortunately for the purpose of polar
exploration there are a small number of orbital paths at angles to the Moon’s
equator that are fairly stable over the long term. Alvin used this information
to establish orbits that were stable during the stay of the moon ship in orbit
around the Moon. This minimized the use of fuel while giving Edison an excellent
view of the poles for her instrument package.


Another important aspect of the exploration plan
was the long-term operation of the ship on nearly constant velocity (often
called “frozen”) orbits with half of the orbit in the dark. The ship ran on batteries
during the nighttime phase of an orbit. During the daylight phase the ship had
to recharge its batteries, as well as use its plasma engines to compensate for
any loss of orbital altitude due to mascons along her orbital trajectory. This
meant that the ship’s systems were constantly changing state during each orbit,
from charging and acceleration on the daylight side of the Moon to battery
supported, constant velocity operation on the night side. While some testing of
the expected lunar circumstances were done in Earth orbit the first trip to the
Moon was a test of the reliability of the ship’s systems where little help was
available.


Another aspect of the orbital
problems was the interaction of the strong gravity of the Earth with the
gravity of the Moon. Earth’s gravity was strong enough that circular lunar
orbits higher than twelve hundred kilometers were not stable. Fortunately Edison
could stay in LLOs to complete its exploratory mission.


The team reviewed Alvin’s orbital
plans every other Earth day based on the data collected by Edison and
from prior explorations.


“Great work, Alvin,” commented Suzette. “We’ve
gotten a lot of new data, especially the fine-grained spectrographic, magnetic
and electrostatic data that we need.”


“That’s right,” added Lucy, who was now operating
as the drone exploration manager. Her construction duties had been handed off
to another in-space drone handler, although she had done much of the training
and was still a principal advisor for the drone operators. “The habitat
planners have been really happy with the stuff you’ve been sending back. We
will be in great shape for the probe deployment on the next trip.”


“Is that a go for the next run?” asked Alvin. “I
don’t have an account on the construction computers so it’s hard for me to
monitor the progress. Same goes for construction of the new ships.”


“Well, from what I can tell the probes are making
the trip in a container in about three weeks,” the drone manager replied. “That
should give you time to get back here, and then give us time to go over you to
look for issues arising from this first trip. Once you’re certified ready by
the QA team we’ll be loading the drone container into your cargo frame, and
you’ll be going back to the Moon.”


“How will the drone deployment work?” asked the
ship.


“The container is the launch platform for the
exploration units,” explained Robbie, who was managing much of the movement of
assets in orbit. “There are going to be three stationary units deployed, plus a
construction drone to do some preliminary surface grading and testing, and the
first three of six mobile drones that will be doing a fair amount of roving
near the surface.”


“Well, it all sounds good. When
do I start for Earth orbit?”


Suzette pulled up a display of
the Moon and Edison’s position. “I think you can start for home as soon
as you check the thrust plan I’m sending you. It’s based on the assumption you
stay in your current polar orbit until you are in the sun to start
acceleration. You’ll deploy sails and begin to modify your orbits with
declining angles of inclination, plus a spiral out of lunar orbit so you head
roughly toward Earth’s equator. The plan is to use point one gees acceleration
to get you in full sunlight and away for the trip back. You’ll start
decelerating as soon as you clear the Moon’s gravity to get back into Earth
orbit. Once in orbit you will make adjustments to match speed and location of
the Treble dock. Once you are docked, the drones will climb aboard and start
gathering data on your condition. We’ll begin preparation for your second trip
as soon as your condition check is completed. Assuming there is nothing
significant found, of course.”


“Okay. So, when I dock, is that
when the party will start?”


Suzette could swear there was a
hopeful tone in Alvin’s voice. She grinned. In a long-suffering voice she
responded, “Yes, Alvin, that’s when the party will start.”


   


The Competition


In Europe, America, Russia, India,
China and Japan there was consternation at the space agencies. Some crazy
billionaire had made a cheap, fast flight to the Moon and was announcing plans
to build human habitats for research, etc. The space agencies were feeling embarrassed.


What made it worse, Aman Treble’s
solar ship wasn’t a particularly startling advance in spaceflight. The
achievement left others behind because no one else had applied the most recent
advances in materials to already existing technologies. That made catching up
fairly easy, assuming the will to do so; expensive and time-consuming R&D
would not be necessary. The potential competitors still didn’t seem to have the
will, however. Governments didn’t want to spend the money to get to the Moon
because everyone thought there still wasn’t a very good reason to go there.
Exploration for the sake of exploring was not a good reason.


The newly formed U.S. Space Force
was presently composed of two men. Head of the Force was Brigadier Arthur
“Smiley” Campbell, recently transferred from the Air Force Office of Advanced
Technology. His nickname was ironic; his fellow officers in the USAF knew that
he rarely smiled, and major contractors knew him as a big pain in the ass. He
had been transferred to the Office of Advanced Technology to get him off the
backs of some of the biggest Air Force contractors, people who were making
scads of money on slower-than-molasses and quite expensive procurement and
production processes. When the Space Farce position, as it was known in Congress,
had opened up, the contractors pressed the Air Force to move him completely out
of the way. (He actually thought the Air Force should have cost-effective and
efficient policies and procedures.) Quickly the deed was done.


His current one-man staff was
Colonel Trenton Samuels, a man who thought a lot like Campbell and was
therefore a prime candidate for the go-nowhere position of Smiley’s second in
command.


The Air Force was only slightly
embarrassed when Campbell was given a ten billion dollar budget and orders from
the President’s National Security Advisor to get on the stick and get some
solar sailers built. The USAF was pretty firmly convinced that the Space Force
would find itself with little to do because there was nothing of interest on
the Moon and probably the near planets as well. The man who was known in the
Air Force as the boondoggle killer had become the head of a first-rate
boondoggle in the minds of his fellow officers.


Smiley (who hated the nickname for
the misnomer that it was) sat with Trent Samuels in his little office at
Vandenburg AFB.


“So what’s our situation?”


Trent gave his boss a big smile.
“We’ve got a boatload of money and no idea how to spend it.”


Campbell smiled one of his rare,
small smiles. “Sounds like a top priority Air Force snafu.”


“Yes, Sir. This guy Treble has
created a new space race all by himself. He’s got robot drones that will be
looking for places to set up shop on the Moon and a ship that makes everything
everyone else has look like baby buggies. It looks like a lot of the problems
that have kept man off the Moon for the last sixty years are solvable. He’s got
people who solved a bunch of them and are working on the rest. No one else is
even tooled up.”


“Who’s our competition, apart from
this guy Treble? Can we buy or steal what he’s got?”


Trent blew out a deep breath. “I
think the second question is the easiest. From what I’ve heard he’s gone out of
his way to avoid working with the major national space agencies. And I’m not
sure it makes sense to try to steal anything from him. Everything they’re doing
uses stuff that’s off the shelf or easily constructed using current technology.
There’s no reward for the risk. By the way, he’s got one ship in operation and
two more nearing completion. If the national agencies don’t come up with money
and motivation soon he’s going to leave everyone in the dust. That goes for us,
too.


As for the competition there’s a
good chance the biggest competitor is China. They’ve got the solar and
electronic technology to get close to Treble’s ships. I’m not sure they could
build the plasma engines but Treble’s people are using a modified version of a
prototype that his group licensed. No reason to think the Chinese couldn’t do
the same. Defense Intelligence thinks they’re getting nervous about Treble but
have nothing going in the way of a real program. About like us.


The EU and probably Japan and the
U.K. are all likely to be in a close race for next if we make the dubious
assumption that we’re going to be second. They’ve all got the technology or
access to technology to give it a good try. I think the real question for them
all is the same as ours- is it worth it?


I’d like to say that Russia is
last, but they’re there only if you leave out their spacecraft experience. They
aren’t close on solar technology or electronics, and maybe not in the ability
to put together a large, truly sophisticated spacecraft. The one big advantage
they have is in earth-to-orbit lifting technology and capacity. That includes
infrastructure to move people as well as parts. We’re back in the hunt, now,
but they’ve got the experience.


Bottom line is it’s hard to decide
who’s close. It might even be that Russia is right behind Treble because they
can get stuff and people into orbit in proven vehicles.


But, you know, I don’t think
capability is the issue. I think it’s the will to spend the money and do the
job. That’s why Treble is where he is now. The real question is what do we get
if we follow him? Does he have a dollars-and-sense reason for doing all this,
or is he just a rich guy playing with a fancy, really expensive yacht?”


Campbell smiled
another of his rare smiles. “At this point does it really matter? When the
President says spend, we spend.” The smile disappeared. “What about colonization?
Assuming there’s a need to stay on the Moon, is there some sort of legal
framework in place to keep people from shooting each other over a piece of
airless rock?”


Trent shook his head. “Not
really. There was a treaty circulated that was supposed to keep weapons of mass
destruction off the Moon, but all the nations aren’t signatories and its only
real feature is the prohibition against nuclear weapons on the Moon. None of
the current spacefaring nations signed it. If it was on paper it wouldn’t be
worth the paper it was written on. Apparently Treble circulated his own idea, a
thing they call the Lunar Compact, but I haven’t seen a copy yet. Presumably
his document addresses some of the issues that the treaty didn’t. And he
actually has signatories, although none of them are really space oriented. From
what I can figure out, that was his selling point. Sort of ‘Buy a piece of the
Moon.’ The marketing seems to have worked; it sounds like he visited a bunch of
small nations with little or no space presence and they bought in. Apparently
he’s getting a lot of the people who will populate his first research stations
from his signatories.”


“Christ. You mean there isn’t
even something in place to keep WMDs off the Moon? Did anyone even think about
ways to keep people from fighting over valuable property up there? And he’s
actually got a plan to put people up there long-term?”


Trent smiled grimly. “I don’t
think anyone thought there was any property up there that would ever be
valuable. As usual with we humans though, we can figure out a way to convince
ourselves there is land worth fighting over pretty much anywhere we go. That
was pretty easy on the Moon. The two poles have some important characteristics
that make them more suitable for habitation than other areas. Everyone will be
looking to set up camp at the poles, and there isn’t really all that much
choice real estate. If we’re not careful, we could have exactly what you said-
a bunch of people shooting at each other over chunks of airless rock.”


“That’s not great.” Campbell
frowned. “I guess we will have to look into militarization of the Moon, along
with everything else. If it turns out that we actually have to do this, I’ll
arrange a meeting with someone from the State Department to figure out how to proceed.
I’d much rather have a treaty in place than have to start planning for
skirmishes up there. Man, I hate working with State. Everything over there
takes forever. This is going to be a real hornet’s nest if we have to put
people up there.”


He sighed. “This all hinges on
whether we’ve actually got to go to the Moon. Then I think we’ve got two short
term goals, aside from write specs and a Request for Proposal to send to those
aerospace bandits we have to do business with. We have to find out how this guy
Treble thinks he’s going to make money off a Moon colony. If it’s just a scam
of some sort, we have to take steps to keep the government from spending more
money on this thing. We also have to read this Lunar Compact he’s cooked up to
see if it makes any sense, particularly about ownership of property up there.
If he’s got a way to make money and his Compact has political support of some
sort and gives him ownership of whatever property his people stake out, we need
to know as much about his setup as we can find out. I’ll take on the Compact
and you start on goals. See if Treble has made any public statements about his
reasons for going to the Moon. Do we have any people available to start looking
at their ship design and sketch out an RFP? Would it make sense to recruit any
of the current and former astronauts? Do we have anyone we can recruit who can
give us a feel for the politics of this mess?”


Trent shook his head. “I can do
the research on motivation, but we have to get started on recruitment. Astronauts
are a good starting point but we will need more people from Defense and the
branches who are able and willing to contribute ASAP. Do we have to stay in
channels on personnel requests or can we snatch and grab?”


Campbell smiled an evil little
smile. “The President wants this. I think we take what we can and call the
Secretary if anyone gives us trouble. Our chain of command won’t like that, but
they don’t like us anyhow. Let them explain to the Commander in Chief why they
can’t help with a few bodies.”


Trent put up a finger. “One more
thing we have to do somehow in our free time. We have to keep tabs on our
competition. Can we get some people from Defense Intelligence to help with
that?”


“I’ll handle that. I know a few
people over there. I don’t think we can grab any personnel, but my guess is the
man in charge would be happy to get a piece of this action. I’ll ask if he can
set up a team to keep track of our competitors, even Treble’s people. My guess
is he’d rather do that than have us try to freelance the intelligence issues.”


Campbell stared into space again
and then looked at his exec. “Anything else we’ve got to take on?”


Trent laughed. “Isn’t that
enough?”


“Yeah. So we’re good. Let’s plan
on meeting once a week, with a bit of communications every day through email if
we can find the time.” Then he shook his head ruefully. “Oh, and about that.
I’ll talk to my buddy at Defense Intelligence about getting this deal a top
secret classification. I know it’s a pain, but we have to be ready if we have
to roll on this. Apart from the project itself, the technological advances in
something this exotic stuff could be huge. We can’t have potentially defense
related stuff talked about on the streets. Besides, we don’t want our erstwhile
friends in the Air Force or our competitors to know any more about what we’re
doing than we absolutely have to.”


He stood up and offered his hand
to Trent. “Sorry you got roped in to this. Let’s hope it’s a big scam. Oh, and
welcome aboard.”
















 


   


The Old Man


 







Characters


- Bob Smith,
nearly 250 years old, lost his wife 20 years earlier


- Al Thompson,
nearly 250 years, also a widower


- Grem, 50 years
old, operates an antique bar


 


 


Bob waits for Al in Gremorg’s bar.
The bar is a style nearly extinct; dark with low lights and expensive,
hard-to-find woods stained dark. Gremorg’s appearance stopped changing when he
was thirty. Bob and Al were early participants in age stabilizing therapies
that saved their lives when they were in their early seventies. The early
technology stopped aging at the current age of the subject; while they are both
healthy, mentally alert seventy-year-olds, they are still seventy. They have
become unusual anomalies in a society in which life prolonging therapies are
applied to virtually everyone between age twenty-five and thirty-five.
Therapies have not been developed that can reverse aging processes and return
Al and Bob to their physical and mental capacities to match the days of their
youth. Al is tired of waiting and tired of living; Bob is struggling with
loneliness; his wife of many years died in an accident ten years earlier.


**


The Golden Goose looked the same
as always. Like everything else, nothing much changed in just eight years. It
was quiet; there were a few people talking in booths. He felt bad that he
hadn’t come back sooner, but it was easy to lose track of time. Time used to be
valuable. Now it was easy to waste it.


His eyes had to adjust to the low
light. Grem still kept the place in great shape- every piece of wood polished,
the bar and all the tables in the alcoves along the wall gleamed. The style
predated Bob himself and he was no youngster. Low light, dark wood, dark
leather in the booths. After all the years that Grem had taken care of it, the
Goose still felt as homey as any bar Bob had ever been to.


Even Grem looked the same. But of
course, he would.


Grem looked at him for only a
second, instantly recognizing the walk and the slightly grayed hair. He smiled
as Bob walked up to the bar.


“Hello, Bob. Haven’t seen you in a
while. Glad to have you back. How are you?”


Bob smiled and took a seat on a
barstool. “Same as always. No older and no younger. How are you? How’s the
Goose?”


“Same old same old. Still keeping
the old girl running. It’s getting a little harder to pay the bills though. Not
too many into well-maintained antiques any longer.”


Bob grimaced at the irony in
Grem’s words. “Yeah. In more ways than one.”


Grem looked embarrassed. “Hey, I
didn’t mean…”


Bob waved him off. “Forget it.
After all these years I can tell a slip from a dig.”


“Yeah, I imagine so. What’ll you
have?”


“Just a beer. Whatever you have on
tap is fine.”


“Coming right up.” Grem pulled a
glass out of the rack, slid it under the tap and pulled the handle. “What
brings you here?” He smiled again, and set the glass in front of Bob. “Other
than the beer, I mean.”


“I got a call from Al. Al
Thompson. You remember him, right? Said he wanted to meet someplace where we
could talk for a while. I thought he might like to meet at one of our old
haunts.”


“Do you two keep in touch?”


Bob looked at his beer. “No, not
really. I lost track of time and he moves around a lot. We were in the Corps of
Engineers together, you know. We started when it was still part of the U.S.
Army. They’ve needed every hand for decades now, and every time he thought
about leaving they’d give him some big, juicy project to manage. Hadn’t really
even thought about him for quite a while. Kind of embarrassing, really. We’re
actually pretty good friends. Or we were, I guess.” Bob hesitated, looking at his
glass. “They retired me out when my wife died. Medical retirement. Probably for
the best.” He took a sip of his beer. “This is really good.”


“Thanks. One of the new brews.
Some pre-warming archeologists found some old recipes in Europe and brewed them
up. They ran the results through an analyzer and added a few tweaks. Came up
with a half dozen great beers. Amazing what you can do with a little
information and a smart machine.”


“Whatever they did, it worked.
Think they’ll go into distribution?”


Grem shrugged. “Hard to tell.
Things move so fast. One day you’re a hit, the next you’re an old fad.”


Bob nodded. “Don’t I know it. Hard
to keep up with all the things going on nowadays. Especially with the
Artificial Intelligences. I heard a group of AIs did some experiments that
showed there’s a way to circumvent Einstein’s barrier.”


Grem looked astonished. “Wow.
Hadn’t heard that. Guess I should get on the net once in a while. The speed of
light’s been the limit for so long it looked like the Kuiper belt was going to
be as far as anyone was ever going to go. I don’t think even the AIs thought
sublight starships would ever be practical.”


“It is sort of a big deal. With a
little luck, we'll both be around when they launch the first FTL ship.”


Grem smiled. “Wouldn't that be
something? I might consider migrating if it happens. I could probably use a
change. Or maybe just take the bar and move it to Alpha Centauri.” Grem
hesitated. “What about you?”


Bob shrugged. “Might be fun. It's
getting a little stale here.”


Grem hesitated. The silence got
longer. “Have you heard anything new? Medically, I mean.”


Bob sighed. “No, nothing new. It's
been a long time and there are fewer researchers interested in my situation.”
He shrugged. “I'm a dead end. Doesn't make sense to invest time and resources
in a problem that no longer exists. Except for me, of course. And Al. And a few
others.” He swirled his beer. “And getting fewer every day.” He took another
sip from his glass.


“Hey, don't get discouraged. Who
knows, maybe some AI will find an answer for you.”


Bob smiled sadly and shook his
head. “Probably not. Too busy working on FTL drives.”


Grem looked unhappy and
discouraged. It wasn't a look Bob saw very often any longer. There was a lot of
optimism now. The Cyclone Decades were long gone, famines were reduced to
occasional events in the locations where recovery was still under way, the
Great Cleanup and the global ecology laws had worked, and the bad times were
gradually fading away. Space was opening up, too. Not fast enough to move much
of the world’s population off-planet yet, but between the population crash
during the famines and effective population planning the New Frontier of space
was beginning to feel like a real option. There was a lot of hope out there.


Bob shook it off and brightened
his smile. Didn't make sense to dump his problems on someone else. “Hey, no
worries. You're right. I've got a lot of time and there are a lot of smart
people and machines out there. Somebody will figure it out.” He held up his
glass. “In the meantime, I’ve still got my slot at the University. And now
there's some mighty fine beer.”


As he took another drink two men
came through the door and took stools down the bar from Bob. Grem stepped back
a bit. “Gotta work. I’ll be back in a few.”


As Grem moved away Bob looked into
the mirror behind the bar. He saw a gray-haired old man, face wrinkled with age
and experience. He looked at the hand holding the glass of beer; it looked
about right for seventy. A healthy seventy, and right for the rest of his body.
The package as a whole looked aged but he thought he should be grateful. He was
rather young looking considering how old he was. Unchanged for years. Two
hundred years, give or take.


The eyes and face in the mirror
hardened, and he looked away. He knew what the view was like.


Looking seventy in a world where
almost everyone looked thirty or younger was not the best of circumstances. It
wouldn’t be so bad if there were a few more people in the same situation. There
weren’t a lot in the beginning, though, and even the few that there were had
slowly disappeared. On the plus side, some had made it through the bad times
and gone into space. On the minus, a few hundred years of famines and accidents
hadn’t left a lot of survivors even with the longevity treatments. Then there
were the people who made the decision, the ones who couldn’t take being lonely
old people in the land of the young. He just didn’t like to think about them.


He thought about Meg. They had
both had the stabilizing treatment. The first ones to get it had been those who
were both valuable and threatened by old age. It was nearly experimental when
they started the treatment. It had worked, of course, but for the old ones like
Meg and him there had been a major drawback. The old ones who were treated
stopped aging, but they stopped at the age they were at. At first it was an
easy price to pay to help rebuild, especially since the expertise they had
acquired was critically needed. It wasn’t until the young ones started getting
the treatment, with ages stabilized at twenty-five to thirty, that things went
sour. Over time, the world Meg and he knew became younger and the original “old
ones” became rarities. Not just rarities, but oddities.


They had made it through most of
the bad times. Thank God they had both gotten in to the experimental group. He
didn’t know what he would have done if she had died in her nineties (or
younger) like most people they had known. For sure he wouldn’t have made it
through the bad times without her.


As it was he’d come apart
completely when he heard about the accident. They had made two hundred and
fifty years together, much of it through really tough times. They had been
survivors at a time when life was at risk everywhere.


Then suddenly she was gone. A
once-in-a-century accident, they’d said, as if the safety record meant anything
to the people who lost loved ones. The University psych people had fought to
bring him back from his breakdown for two solid years. He was mentally healthy
now, sort of. He still wondered whether all the time and effort of the psych
people had been worth it. He was still an old one in a world where everyone
else was young.


Bob’s thoughts were interrupted by
a slap on the back. “Well, hello, old man. My, my, you don’t look a day over a
hundred.”


Bob turned to see his friend Al.
“Considering I’m supposed to look seventy, that’s not so good.” He stuck out
his hand. “You don’t look much younger than a hundred yourself.”


Al smiled and shook hands with
Bob. “Just stayin’ alive.”


“Definitely. Come on, pull up a
stool. What’ll you have? Grem’s got some really good beer on tap.”


“Beer sounds good.” Al looked
around and saw an empty booth. “Would you mind moving to a booth? Easier to
chat over there.”


Bob rose up from his stool.
“Sounds good.” He turned and waved at Grem. “Bring another beer for our friend
here. We’ll be over there.”


Grem waved at Al. They moved and
slid into the empty booth.


“How have you been?” asked Al.
“It’s been a long time. I didn’t realize how long until I started thinking
about calling you.”


“Doing all right,” responded Bob.
“I had the same reaction when you called. Just didn’t occur to me how long it
had been since we last got together.” He took a sip of his beer. “This
longevity thing makes it easy to waste a lot of time. Like time is cheap or
something.”


Grem walked up and put Al’s glass
on the table. “Another old timer. Good to see you, Al. Seems like it’s been
forever since you’ve been in. What’s it been, ten years now?”


“I think ten is about right,” said
Al. “We were just talking about that. Now we’ve got time to waste, and it seems
like that’s what we do with it.”


“I know what you mean. I don’t
know what it was like in the old days but it’s really easy to let things slide
now. You’ve got to have something you want to do to keep moving. Gotta have a
life plan or something.” Grem looked at Bob. “Like that thing we talked about.
Making a trip to a star.”


Al looked curious. “What’s this? A
trip to a star?”


Bob smiled. “A group of AIs have
done experiments that seem to confirm that Einstein’s limit can be
circumvented. If we hang around long enough we might see the first
faster-than-light ship. We might even see humans on a planet around another
star. Probably still a long trip, but not centuries like on a sublight ship.”


Al frowned. “Hmm. Well, even with
FTL a trip to another planet that’s worth going to would be a long one.”


Bob shook his head. “Time is
something we have a lot of. And who knows, maybe with some work even marginal
planets might be livable. With all the time we’ve got, maybe a challenge is
something we need.”


“Maybe.” Al looked doubtful. “I
don’t know, though. Humanity made a lot of challenges for itself. Not sure it
makes sense to go off into the wilds of space looking for more. Besides, what
would we do with a bunch of new territory? Probably just make a mess of it,
like we did with Earth. At least here it was a matter of survival to straighten
the mess out. If we started on new planets, we might just go around wrecking
perfectly good ones because we could leave and forget about what we’d left
behind.”


Bob shook his head and smiled.
“You always were a bit of a pessimist. Do you think we’re going to forget all
we went through and just walk away after doing it again?”


“Look around, Bob. They’re no
different on the outside, but the young ones were never in the mess and don’t
think about it. You know, people who are actually in their twenties and
thirties, not the ones that only look like it. They’ve got the information in
their heads; they don’t have it in their hearts. Not like the ones who came
through the bad times. Not like us.”


“Maybe. We don’t have just humans
now, though. The AIs won’t forget. Neither will the enhanced humans. I think it
would be hard to backslide.”


Al shook his head and frowned. “I
don’t know. If humanity goes out pioneering there won’t be a lot of law out
there. There will be those who figure it’s all right as long as they don’t get
caught. It’s not like somebody from Earth is likely to take off into
interstellar space to chase down rumors of ecological destruction. As for
people in other star systems, interstellar travel will be slow for years, maybe
for decades, maybe for centuries. They’d have their own problems. Nobody would
be interested in hunting down ecological pirates that mess up their own
worlds.”


Bob countered, “I think you’re too
pessimistic. You can argue that we might destroy another planet’s ecology, but
with what we can do now I’m not sure there’s a rationale for that sort of thing
any longer. Why destroy a good planet when the things we need are probably
available on uninhabitable planets? Even in our solar system, we can mine the
moon, Mars, the Asteroid Belt, and the moons of Saturn and Jupiter. Using the
tough places might be more expensive initially, but how much did it cost us to
fix the damage we did to Earth?”


Al looked thoughtful. “I guess you
might be right. Nowadays we can put the really bad stuff in places where it
doesn’t matter. Maybe that’s the real answer.” He took a drink of his beer.
“Wow, this is good. I think I’ve been gone too long.”


Bob finished his first beer and
signaled Grem to bring another round for the both of them. “So what’s on your
mind? Probably not interstellar travel.”


Al lubricated with another taste
of beer. “No, it’s not about interstellar travel.” He remained silent for a
moment and then said, “Actually, I came to invite you to a party. A farewell
party.”


Surprised, Bob asked, “A farewell
party? Have you got another project with the Corps?”


Al smiled sadly. “No, it’s not for
the Corps.” He hesitated again. “I’ve decided to leave.”


Bob wondered if Al was still right
in the head. “Yeah, I got that. That’s what a farewell party is for. So where
are you going?”


Al searched for the right words
and decided to come straight out with it. “I’m not going anywhere, Bob. I mean
I can’t stay in this life anymore.”


Bob stared at his friend. “You
mean…you can’t mean you’re going to suicide.”


The nod that Al responded with
seemed a little shaky to Bob. Maybe there was a way to talk him out of it.


“Are you sure, Al? What’s going
on? What’s wrong?”


Al took a drink before he
answered. “A little of everything, I guess. Frankly I’m surprised I’ve been
able to hold out this long. Maybe it would be all right if we were like the
young ones. The ones who got the treatment at the right age. I’m lonely, Bob,
and I can’t fix that. We’re freaks, old people living among the forever young.


“I don’t regret having done it.
The country needed us and the world needed us. But now we’re paying the price
for the decision. Some of the young ones are sympathetic, but most don’t care.
For some we’re just reminders of the bad people who wrecked the planet, whether
or not we helped put it back together again.


“Man, this beer is good.” He took
another sip, then set his glass down. “The Corps hasn’t called me for a couple
of years now. They don’t need us anymore. My first kids have been adults for a
hundred years. Even the second bunch are in their sixties. They talk to me now
and then but it’s been years since I was a real part of their lives. Alia
divorced me decades ago. She’s still around, I hear, but trying to bring that
back would be like trying to raise the dead. Once in a while I run into some
young thing that decides it will do her soul good to have sex with an old man,
but they’re kidding themselves and they can’t kid me.


“It’s not a life anymore, Bob. The
world is telling me I’m obsolete. I’m no longer needed, even by my family. It
feels like it’s time to call it quits.”


“What about space? It’s wide open
out there and completely different from what we’ve got here. I can’t imagine
the Exploration Agency would turn you down. After all the things you did for
the world? How could they? Even with your age issues, they need all the
technical people they can find. I think they’d take you as soon as you walked
through the door.”


Al shook his head. “You’re
probably right, but I think starting another job would be a temporary fix.
Besides, I’m not interested in living in one of those glorified boxes out
there. They make it look pretty but the reality is you’re living in a big tube
under tons of rock just about anywhere you go. Not my cup of tea. I spent too
much time fixing things so we could have a beautiful outside again.


“Moving out wouldn’t change my
situation. My problem is that I’m lonely. Most of the ones who were like us are
gone and the young ones don’t need us.


“Not the way I need to be needed
anyhow. Alia divorced me after the second family was grown up. We hoped that
the new kids would help us stay together. It didn’t work. She said she didn’t
want to do it again and we’d been together so long it was boring. When I see my
kids, you can tell they’re struggling too. Everyone’s been divorced, looking
for a new playmate. Of course, they don’t look a day over twenty-five.


“You know what really gets me now,
Bob? There are no kids around anymore. I see a little one maybe once a month
now. Sometimes it’s longer than that.


“My daughter is sixty-one. The
girl from the second bunch, I mean. When she applied for motherhood twenty
years ago, they gave her one kid. One. That one’s grown up now, if twenty is
grown up anymore, and just started to think about applying. She’s saying she
might not have one until she’s sixty. Forty more years before there’s another
little one in the family. And again, Family Planning will give her one. Maybe
not even one, you know? If none of us are going, is there room for more kids?
Maybe the only new ones will be born off Earth.”


Bob tried to be sympathetic. “You
know the rules, Al. A lot of the problem, maybe most, was overpopulation. It
could get even worse with all of us living for centuries.”


Al smiled ironically. “Doesn’t
really help me. Knowing why doesn’t change things.” Bob thought that sounded
pretty familiar. “And even if Family Planning wasn’t a problem, who would I
have a kid with? You and I are the last of the old codgers, ugly old farts in
the land of the beautiful. Raising a kid means someone would have to look at
this face for at least a few years. Who would want to do that?


“I’d like to stay with someone for
a while. I’m not interested in two weeks of pity sex, although frankly I’d take
even that now. It’s been a long time since I’ve had someone sharing a bed with
me.”


That struck a chord with Bob. No
one would ever replace Meg, but after so many years it was lonely. Really
lonely.


Al sighed a long sigh. “It’s not
one thing. It’s all of it put together. Not really anywhere to go and no one to
go there with. I’ve decided I don’t want to do it anymore.”


Bob hesitated, then gave it
another try. “Are you really sure about this? Death is pretty permanent. No
one’s going to bring you back once you’re gone.”


Al stared at his drink for a long
time. “Do you believe in God, Bob? Could it be there is an afterlife?”


Bob shook his head slowly. “I’m
not sure. I see where you’re going with this. Do you really want to gamble that
there is something after death?”


Al grimaced. “When times get hard
we start to look at our options.” His face softened. “Do you ever think about
Meg?”


Thinking about Meg as part of this
conversation was something Bob had hoped to avoid, but here it was. He took
another sip of beer. “I do. I do a lot, actually. In a way she hasn’t really
left me. I miss her. I’d like to think she’s out there, somewhere, and that
someday we can be together again.” This time he took a solid gulp and emptied
his glass. He caught Grem’s eye and pointed to his glass. Grem nodded. “Do you
want another one?”


Al finished off the little bit he
had left in his glass. “Sure. Sounds good.” Bob waved his hand again, held up two
fingers and Grem acknowledged.


Bob looked down at his empty
glass. “You know, in my heart I want to believe that there’s something more,
that maybe we get to retry life and not make the mistakes we made the first
time around. Or start a new life that makes some kind of sense. Then my head
kicks in. What are we up to now, a hundred fifty orders of magnitude between
the smallest and the largest things in the universe? That doesn’t even count
the possibility that there might be a huge number of alternate universes out
there, a lot or maybe all of them as big as ours.


“I think about ants and how close
they are in size to us on the scale of the universe. On the grand scale we’re
just a tiny bit bigger than them, and maybe on that grand scale we’re also just
a tiny bit smarter. Do you think God cares a heck of lot more about us than he
does ants? Maybe he or she cares about all life, but that doesn’t mean he’s so
committed to life that he’s got us and all the other intelligent beasts on an
infinite loop, letting us all have a multitude of shots at things we haven’t
done right in our prior lives. Maybe God and the universe are actually limited
in some way and there just aren’t any options for him or for us. Who knows? I
don’t want to think about Meg being gone forever, but it’s hard to have much
hope. Too many paths to oblivion and too few to paradise.”


Their conversation stopped for a
minute as Grem brought fresh beers and took away the old glasses. “Thanks,
Grem,” responded Bob.


“I’m not betting on an afterlife,”
said Al. “It’s just…I’m getting tired of being alone. I wonder if I’m taking up
space that should be going to new life. I just don’t know if I can do it much
longer.”


“You know what I think? I think
you’ve been on the sidelines too long. I think we’re back to doing things like
going out to space. Maybe that applies to me, too. We can’t just sit around
watching the world go by. We’re slowly going stir crazy in the life we’ve got
now. Time to get off our butts and try new things. And there are new things to do.
We should be out there trying to do them.”


“Maybe you’re right. Maybe I
haven’t tried hard enough. I know it’s the final alternative. Maybe I should
give more things a try before I decide I’ve had enough.”


Things still felt delicate and Bob
wasn’t sure the next question was timely. But he gave it a try.


“So, do you think you can put off
this farewell party for a while longer?”


Al nodded slowly. “Maybe. You’re
the first one I’ve told. I didn’t want to get the kids all wound up until I
could talk to someone in the same position. I wanted to talk to you first.”


Bob smiled. “I’m glad you did. We
should try to stay in touch more. We’ve let things slide. It’s so easy to put
things off now. So much we’ve been through. Just getting together more often
would be a good thing. Especially since we’ve got a long way to go yet.”


“You know, I hadn’t thought much
about what we’ve got left. Sounds like you’ve been keeping up with the news
more than I have. What’s the word? Have you spoken to any of the doctors about how
long we’ve got? I stopped being concerned about medical stuff years ago. How
about a fix to our peculiar problem? Any word on that?”


Bob looked at his glass. “I still
have connections with a small research project at the University. They try to
follow us old guys. There are a couple people who did a full physical workup on
me with the idea that they might be able to tell how long we’ve got. They said
at the rate we’re going, we’ll probably make 500 years. They said it was more
likely we’d die of an accident or some other unnatural cause than we would from
any kind of disease or aging. The bad news is that our particular problem isn’t
any closer to being solved. I’m not sure anyone’s even working on it anymore.”


Al shook his head. “Wow. Two
hundred fifty behind us and another two hundred fifty to go. And for a while
there it looked like Mother Nature’s global retribution would take us out
before we hit a hundred. Another two fifty living as an old man, though. Not
exactly the best of all possible worlds.”


Bob sighed. “No, not the best of
all worlds.” He smiled ironically. “I heard a long time ago that the Chinese
had a special curse- ‘May you live in interesting times.’ I guess someone’s
cursed us. Not only have we lived in interesting times, we’ve lived a long time
in them and as old men. I think we should update the curse somehow.” He took
another sip of beer. “Maybe the next two fifty won’t be quite as bad. Hope
springs eternal. I think hope will be around even longer than us.”


Al looked at his watch and took a
long drink of his second beer. “I’ve got to get going. This was a good talk.
I’ll think about what you’ve said. Maybe you’re right. Maybe what I need is a
challenge. New horizons, that sort of thing. Maybe the party will just be a
party instead of a farewell. What do you think we owe?”


Bob waved it off. “Forget it. I’ll
take care of it. Just remember to invite me to the party, farewell or no.
Okay?”


“Yeah. We should get together more
often no matter what. And…thanks for everything.”


**


It was rather ironic that he was
leaving almost two years to the day since he and Al had their first talk. There
had been a number of other conversations over the next six months. It turned
out that their first conversation had been good for Bob. It had started him
thinking, and then he had started to do some research.


The thinking brought him to the
conclusion that he didn’t want to be like Al, seriously considering ending it
all. He didn’t feel that his options were really exhausted. There were things
he still wanted to do, things he still wanted to see. He didn’t have Al’s
people problem. He had always been a bit of a loner. Meg had been his one true
friend and love. Even Al was peripheral to his needs; that had been pretty
clear when he had gone eight years without even getting in touch. And Al had
called him. Having survived this long without Meg, Bob figured he could keep it
up a while longer.


He thought about Al. He couldn’t
really tell whether their talks were good or bad for him. It didn’t matter any
longer; Al finally had his party, and it was a farewell. Bob got to meet both
generations of his kids. Even Al’s ex-wife was there. There had been a few
tears; perhaps fewer than Bob had expected. At the end, Al had given him a big
hug and thanked him for all the good times. He thanked him again for the last
few months as well. Bob wasn’t sure he deserved that. Nothing he said had
changed Al’s mind. It had just taken a little longer for Al to go. Maybe that
was really all that could have been expected.


It was a little silly that Bob had
to hold back tears that wanted to come as he thought about Al. He had made it
out the door at the farewell party but that time he hadn’t been able to stop
them for a while. It was easier now; the deed was done and the pain had faded.
All he could hope for was that sometime in the distant future he could join up
with Meg and Al again when his own time was up. The doctors had said five
hundred years, assuming his luck held out. Not really likely considering he was
almost certainly raising the odds against himself. Of course it wouldn’t matter
much if the afterlife didn’t exist. When you were gone, you were gone.


He would never have given Al’s
particular way of leaving a second thought if Meg was still around, or if the
planet still needed him. When Al came to see him he actually considered the
idea for a while. Al’s argument never really stuck, though. It didn’t take long
for Bob to come to the conclusion that it didn’t make sense for him personally.
Al’s way out seemed all too permanent and pretty scary unless you believed in
some kind of afterlife. Bob wasn’t religious; he’d seen too many bad things
during the bad years. If there was a God, he was perfectly happy to let humans
go to hell in their own way. Not likely there was help from that direction.


Before Al showed up he hadn’t
really spent any time thinking about space travel. Oh, he had kept up with
headlines and such, but really understanding hadn’t been a priority. His years
on Earth had been filled with the struggle to get the planet back on course,
and with his days with his wife. Now those things were memories, some good and
some bad. It had been an exciting life until recently.


After a fair amount of
consideration he realized that he needed some kind of change. If nothing else,
it was clear that he was bored. After decades of excitement, and decades of
love, things had certainly gotten dull. In that first conversation with Al, the
subject of space travel had been as much about pulling Al out of his funk as it
was a real thought.


The idea of space travel had
arisen almost as soon as Bob realized he needed a change. The idea turned into
a dream, and then into an objective. He had seen much of the Earth, and with
the possible exception of the oceans there weren’t many frontiers left. In
space, however, there didn’t seem to be any limits. In the Solar System alone a
man could spend centuries and never see it all. According to the docs, he had
centuries to burn.


His interest in space travel had
been pretty superficial when the thought arose. He really knew almost nothing
about it, except that for a while humanity had almost lost it. During the worst
of the climate crisis, all the resources went to saving planet Earth and its
people.


He had always been a quick study,
though, and space turned about to be a very interesting subject. It took him a
year, but at the end of the year he was a bit of an expert on space and space
travel.


Once the planet had breathing room
again, a lot of the best minds began to refocus on space travel. There was the
feeling that a backup plan was needed, not only to have a way out in case of
another major climate shift, but in case any of a number of possible
catastrophes occurred, natural or manmade. There was also the itch to see what
was out there. The unmanned probes of the old days had found all sorts of
unique oddities on the satellites of the outer planets. Relatively little was
known about the big planets and things beyond. Maybe it was time for mankind to
go and see for itself.


Space travel had survived, and
while it hadn’t moved quickly during the bad years it still progressed. The
solar sailers had supplied small permanent colonies on the Moon during the
early years of the global crisis, and research stations in the atmosphere of
Venus were established. More sunlight at the distance of Venus from the sun
meant much more power, making the trip easier than the relatively long haul to
Mars. All that power made building easier. There were also some commercial
possibilities in the atmosphere of the second planet that made the investment
worth the risk.


Things stayed that way, with a few
colonies on the Moon and research stations in the atmosphere of Venus for some
years. As things got easier on Earth and the challenges were met, there were
explorers who turned their eyes back toward Mars, the Asteroid Belt, and the
outer planets.


That was when the next big leap
occurred- the lightways. It started with a massive station “following” Earth in
its orbit around the Sun. For the most part it was a huge array of solar panels
and a big set of lasers. The panels provided power to the lasers, which pushed
gigawatts of power into the distant reaches of the solar system in a tight beam
of monochromatic light. A solar ship caught the light in its sails, converted
it back into electricity and created a big plasma push through its electric
engines. The first lightway did dramatic things to the cost of travel to Mars ,
the Asteroid Belt, and even the moons of Jupiter, reducing fuel costs in the
same way that the solar sailers on the Luna run cut costs to the Moon.


After his year-long study he had
made his own decision. He started to apply for jobs in outer space. It turned
out that there were slots that made sense for him everywhere from Venus all the
way out to the Kuiper belt. People with his experience in large-scale
construction and environmental development were rare, and his problem became
one of picking the places he wanted to see rather than whether someone would
take him. No one cared what he looked like as long as he could do the job. He
did have to complete six months of training in vacuum and low-gravity living
and survival. That had not been as hard as he had anticipated. Even at his
apparent age of seventy he was in better health than he had been before the
treatments and his mind was still sharp. After his training he was ready to go.


**


A medical crewmember stopped at
his cocoon. Bob suppressed the embarrassment he felt at the situation. Here he
was lying naked, waiting for an attractive young lady (she looked young, anyhow)
to give him the pill that would put him to sleep. Of course at the moment every
other passenger was naked in his or her cocoon too. Not like he was the only
one feeling embarrassed.


The pretty lady wasn’t wearing
much, either. Her uniform was a rather tiny little bikini-like thing, just
enough coverage to provide a place for her crew insignia and a little modesty.
Much more would have been more annoyance than meaningful. After all, she was
going too. His recollection was that the crew monitored things for a few hours,
and then handed the flight over to the ship’s AIs. In a few hours, she would be
naked in a cocoon too. His hormones still worked, and the thought of this
little lady lying naked on her personal bed actually got things rather stirred
up. Nowadays that didn’t happen to him very often.


Once he was down she would close
up the cocoon and the cold sleep cycle would start. It was about a week to get
to the nearest lightway station along Earth’s orbit and a three-month trip to
Callisto, the outermost of the large Galilean satellites of Jupiter. It was a
lot more efficient to put everyone in cold sleep than to maintain a waking
environment for the passengers and crew.


Even the (human) crew would be
down unless there was a dire emergency. The ship’s Artificial Intelligences
would be running the show for nearly all of the trip. For the human crew there
wasn’t going to be much to do. Why sit around with nothing but games and
simulations to occupy the mind?


Once he reached Callisto, he had
choices to make. The four Galilean satellites of Jupiter each had opportunities
for an engineering specialist, as did Titan and some of the other satellites of
Saturn. His tentative plan was to spend time on the satellites of Jupiter and
Saturn, and then make a decision about next steps. He could come back to the
inner Solar System to see what was happening on Venus, go asteroid mining in
the Belt, stay where he was near Jupiter or Saturn, or head further out from
the Sun. Most of the inhabited spots around Uranus and Neptune, as well as
locations in the Kuiper Belt, were small research stations at the moment. He
didn’t think he would want to go out that far, but who knew? Maybe something
important would happen out there that would make the year-long trip worthwhile.


“Are you ready, sir?” she asked.


Bob nodded. “Ready to go.” She
handed him a little cup with the magic pill and a small glass of water. He took
the pill and washed it down. “Have a good trip, sir.”


He smiled and lay back. “See you
on the other side.”
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Damage Report


 


A colony ship of a starfaring people
discovers a planet bearing the remains of an extinct civilization. The ruins of
a technological culture are only a thousand years old and are the best chance
of the star people to understand why only their species has survived out of
hundreds of predecessors spanning a half million years of time and hundreds of
light years of space around their home world. The evidence is that
technological cultures destroy themselves. Will the demise of such a recent
civilization help them understand the failures of so many other species, and
how they can continue their own survival?


The second of the two-story anthology is Long Lance.
Most of the Northern Hemisphere has been destroyed by a “small” nuclear action
against Russian aggression that went global. A team of American aviators is
assigned to assassinate the Russian marshal who gave the order for a nuclear
attack on America and the nations of Europe. Only the U.S. Navy has resources
remaining that can reach across the globe to complete the mission after so much
of the nation and the world has been destroyed.
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