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GENERAL DESCRIPTION OF PROJECT 
 
 In this project, you are member of a special group of young Starfleet officers, charged 
with a continuing exploration of the abandoned colony on Glia-6.  The focus of this visit will be 
a study of what appears to have been a science museum of the long-vanished culture.  However, 
what is supposed to be a routine visit unexpectedly turns into a life-threatening entombment, and 
the only way out is to solve a difficult boundary value problem.  The details of all this are given 
below.   
 
 
PRACTICAL MATTERS 
 
 You may work alone, or in groups of two.  You may discuss the project freely with 
others.  If you get significant help from someone else, that fact should appear as an 
acknowledgment or reference in your report.  Any books or articles that you use also should be 
referenced.  Your report should be brief but self-contained, so that a reader not having access to 
these directions will know what you have done. 
 
 A typical report organization might be something like the following:  Introduction (with a 
general description of the problem); Formulation (the detailed quantitative formulation of the 
problem); Results (results of the calculations, including any graphs or tables necessary to make 
the results clear); Summary (a summary of your conclusions); References (books, articles or 
people consulted).  Mathematica notebooks showing calculations should be included as an 
Appendix to the report.  Although typed reports are preferred, neatly handwritten reports are 
acceptable.  Your project grade will be based on both the write-up (20%) and the technical 
content (80%).  For groups of two, only one report need be submitted.   
 
 
CONNECTION WITH THE REAL WORLD 
 
 There exist a number of geophysical techniques for learning about subsurface features 
from surface measurements of fields.  The problem in this project is in the category of thermal 
prospecting.  Many other techniques use various electromagnetic fields as probes.  An 
outstanding new book in this area is Handbook of Geophysics and Archaeology, by the late 
Alan Witten.  Although this book won’t help you solve the project problem, it does give a 
fascinating overview of the field, including such applications as finding clandestine underground 
facilities, finding and mapping ancient buried cities, finding pirate tunnels, looking for the 
treasure of Jesse James, looking for tunnels in the Korean DMZ, and looking for dinosaur bones.  
Alan, a UR graduate, was one of the pioneers in this field.  
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DETAILED DESCRIPTION OF PROJECT PROBLEM 
 
Background on the Glia System 
 
 Visits of the USS Enterprise to the Glia starsystem began on Stardate 5526.3, with an 
examination of an ecosystem on Glia-2 (ME163 F93).  On that visit Starfleet Academy cadets 
saved an ecosystem.  They were commended even though their bold plan violated the Prime 
Directive.  The second visit to the Glia system, on Stardate 6872.1, involved the launch of an 
unmanned probe to the large airless planet Glia-4 (ME 163 F94).  Showing great ingenuity, the 
cadets on that mission successfully designed a nonlinear landing suspension for the probe.  The 
discovery on Glia-4 of naturally occurring dilithium crystals (used in warp propulsion) led to the 
third visit on stardate 7304.6, during which Academy cadets solved a crucial forced vibrations 
problem, allowing the dilithium crystals to be transported undamaged to the Enterprise (ME163 
S97).  Because of the importance of the dilithium mining, a colony in a biodome was set up on 
Glia-4 to continue the mining operation.  An epidemic of Jasmine fever on Glia-4 was the 
occasion of the fourth visit.  Once again Academy cadets proved the value of mathematics in 
modeling events, and developed a vaccine transport strategy which minimized the number of 
lives lost (ME 163 S98).  The fifth adventure in the Glia system (stardate 8378.2, ME163 S99) 
began innocently as a recreational visit to the abandoned colonies on Glia-6. The situation was 
instantly transformed into a dire emergency when Captain Kirk was bitten by a feral glion 
carrying a deadly virus.  Only by the most strenuous efforts were the Academy cadets able to 
save Kirk, by developing an optimal treatment protocol for the viral infection.  The sixth training 
mission to the Glia starsystem (Stardate 8993.1, ME 163 S2000) required cadets to calculate re-
entry orbits for a 20th century Apollo capsule, and then, in a surprise test of their computational 
acumen, to actually ride the capsule down to the surface of Glia-3, accompanied by Professor 
Clark’s cat Billie.  Additional details on some of these earlier visits to the Glia system are 
available on the web at  
 

http://www.me.rochester.edu/courses/ME163/webproj/proj.html. 
 

The seventh visit to the Glia system (Stardate 9604.2, ME201/MTH281 F2000) was the 
first involving upper level cadets from Starfleet Academy.  On that visit, two cadets well-versed 
in partial differential equations were able to avert a war with the Klingons by their skillful 
analysis of a cooking problem.  The eighth expedition to the Glia system (Stardate 9863.4, 
ME201/MTH281 F2001), also with upper level cadets, included a visit to the abandoned 
colonies on Glia-6.  There the cadets unraveled the secrets of an acoustic lock and gained access 
to the historical records of the abandoned colony.  During the ninth visit to the Glia system 
(Stardate 9927.3, ME201/MTH281 F2002), a surface visit to Glia-6 was not possible because of 
a continuing dust storm.  The Academy cadets on board the orbiting Enterprise engaged in the 
design of a stealth submarine, using the novel technique of flow into and out of the submarine to 
mask the more prominent components of the far field.  On the tenth visit to the Glia starsystem 
(Stardate 9966.2, ME201/MTH281 F2003), the Cadets were charged with explaining why there 
was a melt down of a nuclear reactor long ago in the abandoned Platonian colony on Glia-6.  
Significant new information on the reactor was available in a recently discovered manual in the 
historical repository opened several years ago by Cadets.  The manual describes a unique 
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modification to the boundary condition on the reactor which allows critical states at a lower fuel 
density.  The Cadets had to reproduce the critical value analyses given in the manual, and then 
search for an explanation of the melt down.  

 
The details of these last four visits are available on the web at  
 

http://www.me.rochester.edu/courses/ME201/webproj/proj.html 
 

The present eleventh visit to the Glia system is, for you and the other junior officers, 
centered on a study of the ancient Platonian Museum of Science and Technology.  What is 
supposed to be a routine mission unexpectedly becomes a matter of life and death when your 
presence in the museum triggers an ancient Platonian trap.  It seems that the lives of the entire 
group depend on your collective abilities to solve accurately a difficult problem in heat 
conduction. 
 
Who is on Glia-6? 
 
 Because of the excellent work done by your group as cadets – solving the puzzle of the 
acoustic lock and the mystery of the meltdown – Starfleet command took the unusual step of 
keeping you together as a research group after your graduation from the academy.  In addition to 
you, the group members are Vinod, Catherine, Yud-ren, Roger, and Andi.  When the group was 
formed, you were all given the privilege of choosing your own name, and the name chosen was  
the Bronx Bombers.  For the present mission, the Bronx Bombers have been traveling on the 
Enterprise, along with 294 crew members, all under the command of Captain Kirk and Science 
Officer Spock.  Normally your landing party would have included Kirk, Spock, and other crew 
members, and the Enterprise would have remained in orbit about Glia-6.  However this time the 
Enterprise and all crew members have departed for a mission in other parts of the Glia system, 
leaving you home alone on Glia-6.   
 
The Thermal Prospecting Challenge 
  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 
 As our story opens, you and Catherine are having a discussion as the group walks the 
short distance from the shuttle landing site to the Platonian Museum of Science and Technology.  
“Just out of curiosity,” you say,  “where did our group get the name Bronx Bombers?  It doesn’t 
have a very sophisticated sound.  I wanted the name Winnetka Warriors, but I guess that isn’t 
much more sophisticated.”  
   
 “The name was Vinod’s idea,” responds Catherine.  “He is an avid student of 20th century 
earth history – particularly American culture.  The name is a nickname for an American baseball 
team.” 
 
 “I have heard of baseball but I really don’t know much about it.  How does it relate to 
what we do?” you ask.   
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 “It doesn’t,” says Catherine.  “It is a strange game played with a small ball in a very large 
field, and most of the time the players are just standing around.  It was popular in the 19th and 
20th century, but it finally died out in the middle of the 21st century, although the fan clubs went 
on for another half-century.” 
 
 “Why did it die out?” you ask.   
 
 “I’m not sure, but Vinod says that they paid the players so much they could all afford to 
retire after one year, and they just ran out of players.”  
 
 The logic seems a bit lame, you think, but by now the group has reached the museum 
(Figure 1), mercifully ending this conversation.  You all stand in awe at the entrance of the 
massive structure.  The lock is an acoustic lock, something the group is familiar with from an 
earlier study of the Platonians.  The signal generator you have brought makes short work of the 
lock, and the six of you enter the huge, dimly lit enclosure.  The building is in the style of a 
cathedral with a vast open interior, with balconies at many levels around the periphery.  The 
shape is somewhat irregular, with the diameter ranging from about 600 m to 800 m.  
 
 “This is great,” you say to Catherine.  “I’ve always wished that I could make Kirk and 
Spock disappear so that we could do our work without their constant criticism, and this time they 
really did disappear!”   
 
 “I guess so,” said Catherine, sounding a little uncertain.  “It is kind of nice to have them 
around though if there is going to be any trouble.” 
 
 “Trouble?  What kind of trouble could there be in a deserted museum?  I’m glad they’re 
not here!  Kirk has always reminded me of my Uncle Frank and believe me that’s not good!”  
You turn to the group leader Roger with the thought of discussing the procedure for exploring 
the museum.  “Roger, what do you think --- ”  At that moment you are interrupted by a low-
pitched grinding sound made by something massive in motion.  All of you turn and see a huge 
stone slab sliding into a position which completely seals the entrance.  
 
 Everyone is stunned into silence.  Finally Roger says, “I’m sure there is a switch 
somewhere.  We’ll do a systematic search for it!”  He was sounding anything but sure.   
 
 Before you can move, the lights brighten somewhat, and a deep voice, speaking in 
measured tones, seems to come from all directions.  “Greetings interlopers!  You are hearing a 
voice from the Platonian past because you have entered our most sacred space without our 
permission.”  You wonder briefly how you were supposed to get permission from a group which 
vanished centuries ago, but the voice continues.  “Only those judged worthy will survive this 
encounter.  Our culture values, above all else, the analytical ability of the scientist.  We have 
prepared a little challenge for you.  If you meet the challenge, we will judge you to be civilized 
and you will be released.  If you fail the challenge, you will be sealed in here for eternity.  
Without food and water, your eternity will be a rather short one.”  By now you are thinking that 
you haven’t felt this way since finals week in your last year at  Starfleet Academy.  The 
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pontificating Platonian poltergeist continues.  “You should record what follows, as it will not be 
repeated!  Buried beneath this building is a compact nuclear power reactor in standby mode.  In 
that mode the reactor releases q = 5.32 kW of heat.  In the absence of the reactor, the temperature 
everywhere would be a uniform T

0
= 5°C .  The heat from the reactor flows to the surface and 

creates a non-uniform heat flux at the surface.  The air circulation in the building maintains the 
ambient temperature in the building at T

0
.  The heat transfer coefficient from the floor surface to 

the air is h = 0.5 W/m2
!K .  The thermal conductivity of the soil and the building floor is 

k = 1.2 W/m !K .  You will be given equipment with which you can measure the temperature at 
any point on the surface with an accuracy of ±0.1°C .  From this information, you must predict 
the depth of the reactor below the surface.  You will submit your answer on the computer located 
next to the exit.  You will be allowed two attempts.”  You wonder distractedly what happened to 
the usual three wishes in situations like this.  “Your answer must be in error by no more than two 
meters.  If you fail on the second attempt, the exit will be permanently sealed.  To help you in 
your work, we will provide two robots for you.  There will be no further communication from us 
until you have submitted an answer.”  Then the sound stops and the lights dim.  No one moves or 
speaks for a moment. 
 
 Then Andi, who has developed complaining into a fine art, breaks the silence first.  “Is it 
just me, or is it cold in here?” 
 
 “Andi!” shouts Roger, “this is serious.  We have got to find a way out of here.  We don’t 
have time for complaints!”   
 
 “We know the way out of here,” replies Andi, somewhat annoyed.  “We have to solve a 
boundary value problem and compare the answer with our temperature measurements. We have 
two chances and all eternity to get it right, so let’s get started.  Let’s find a conference room with 
a holoboard and start formulating the problem.” 
 
 Roger replied, “We can probably find a conference room, but I doubt if this culture had 
holoboards so long ago.” 
 
 Vinod, who has a passion for anything from the 20th century, looks considerably cheered 
and says, “Maybe we will be able to find a blackboard!” 
 
 Roger rolls his eyes and mutters something about herding cats.  At that moment there is a 
shout from Yud-ren:  “Here is a conference room!”   
 
 Everyone piles into the room.  The most obvious feature is a large, vertical, shiny white 
panel on the front wall of the room.  Vinod groans when he sees it.  “It’s a whiteboard,” he said.  
“They were used for awhile in the 20th and 21st centuries.  They really don’t work.” 
 
 Yud-ren asked, “If they don’t work why were they used so long?” 
 
 “Oh, the usual reason, “ Vinod replied.  “The people making the decisions about the 
equipment were not the people using the equipment.” 
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 “QUIET!” bellowed Roger.  “We don’t have time for complaints, we don’t have time for 
chit-chat, and we certainly don’t have time for this history lesson!  If we don’t solve this 
boundary value problem, we’re going to be somebody else’s history lesson!” 
 
 Before anyone can answer, the door to the conference room bursts open and in clatter two 
of the strangest robots anyone has ever seen (cover picture).  “Hi,” said the blue one.  “I’m Harry 
and,” pointing to the red robot, “this is Marv.  We are here to help.  Here are some fresh pens for 
the whiteboard.  See you later.”  The robots hand the pens to Roger and then leave the room 
quickly. 
 
 You say to Catherine, “Did you look at Harry?  Did you ever see a robot with a gold 
tooth?”  
 
 “No, “ says Catherine, “and did you notice the logo on their backs?  Oh-Kay something 
or other.  Believe me, those guys are trouble.  We are going to have to watch them.”   
 
 Roger, although a little concerned about the robots, takes charge again.  “Let’s get 
started.  Vinod, I want you to use all the information we were given to present a complete 
formulation of the problem we have to solve to get out of here.” 
 
 Vinod strides to the whiteboard, and begins talking rapidly.  He starts writing, discarding 
several pens before he finds one that writes.  “We will take the z-coordinate to be positive 
downward, with z = 0 being the floor.  Then 0 < z < !.  The coordinates in the horizontal plane, 
x and y, will each run from !"  to ! .  We can do this even though the building is finite in 
extent, provided that the depth that we calculate for the reactor is much less than the 600 m or so 
of the building width.  We use the delta function to model the reactor as a point heat source of 
strength q at an unknown depth z = L, in a medium of conductivity k.  We put the origin of our 
coordinate system at the x-y position of the heat source.  We can model the source as a point 
provided that the source dimensions are much less than the distance L.  Our best guess that this is 
true is the Platonian statement that the reactor is compact.    We will have to take a chance on 
that point.  The ambient temperature in the air above the floor is T

0
 and the temperature at 

infinity is also T0 .  The heat transfer coefficient between the floor and air is h.”  Here is what 
Vinod wrote on the board: 
 

 

T = T(x, y,z),  0 ! z < ",  and # " < x, y < ",

$
2T = #

q
k
% (x)% (y)% (z# L),  

with k
&T
&z

= h(T #T
0
) at z = 0,  and T ' T

0
 at ".

 

  
The relevant parameter values are 
 

Heat source strength q = 5.32 kW, 
 

Thermal conductivity k = 1.2 W/m °C , 
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Heat transfer coefficient h = 0.5 W/m2

°C , 
 

Ambient temperature and temperature at infinity T
0

= 5¡C . 
 

 Vinod then goes on to say, “Because of the symmetry in x and y, I think it would be 
easiest to use a Hankel transform in the horizontal, and - - - ”  
 
 Andi interrupts with a shriek, and then yells, “Hankel transform?  Our lives depend on a 
Hankel transform?  I have never even heard of one!  What are we supposed to do now?  Do you 
know how to do Hankel transforms?  Does anybody here know how to do Hankel transforms?” 
 
 Vinod hesitates and then says calmly, “I have heard of them and I think I know what they 
are, but I have never actually used one.  Did anyone bring their ME201/MTH281 text?”  There is 
a depressing silence. 
 
 Finally you say, “We all know how to do Fourier transforms.  Why can’t we do a Fourier 
transform in both x and y?  We should be able to solve the problem that way.”  Everyone seems 
somewhat relieved, and there is general agreement on that approach. 
 
 Yud-ren, who has been uncharacteristically quiet, says, “Suppose we have solved the 
problem.  How is that going to tell us the depth L?”   
 
 More silence.  Finally you say tentatively, “The heat flux from the source comes to the 
surface.  The deeper the source, the more the flux will spread out, and the lower the surface 
temperature anomaly will be.  We can measure the surface temperature.  The horizontal position 
at which it is a maximum should be directly over the source, and the magnitude of the maximum 
should tell us the depth L.” 
 
 Roger looks greatly relieved on hearing this plan and he immediately assumes his best 
command mode.  “OK, let’s get going on this.  Yud-ren and Vinod, I am putting you in charge of 
solving the basic boundary value problem.  Andi and I will do the temperature measurements, 
and you other two will determine the relation between maximum surface temperature and source 
depth.” 
 
 You realize that your task can’t be done until the boundary value problem is solved, but 
there is no point in arguing with Roger when he is in his full command mode.  You and 
Catherine can work with Yud-ren and Vinod.  The four of you together can do all of the analysis 
in the proper order.  
 
 At that moment, in a day full of surprises, there is yet another one – water is running 
under the door into the conference room.  You wonder if the Platonians had forgotten to threaten 
you with drowning in their recorded message.  You all splash into the hall where you see the 
robot Marv happily watching an overflowing drinking fountain.  You notice the drain on the 
fountain has been plugged.  Just then Harry clatters around the corner and begins screaming at 
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Marv in some robot dialect that you are grateful you don’t know.  Harry turns off the water and 
leads a sheepish Marv away.  
 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
     
 It is six hours later and you are all meeting in the conference room to report on your 
progress.  Yud-ren and Vinod give a clear and complete summary of the solution of the boundary 
value problem, complete with the Bessel function that arose in the analysis.  Catherine presents 
the algorithm that you and she developed to find the depth by combining the measured maximum 
surface temperature with the theoretical results.  Then Roger and Andi go to the board to present 
the temperature measurements. 
 
 Roger, looking a little less confident than usual, begins by explaining that he and Andi 
gave the temperature-measuring task to Harry and Marv.  You can’t believe what you are 
hearing.  You interrupt angrily.  “The Platonians seem quite happy at the prospect of sealing us 
in here to die, and Harry and Marv work for the Platonians.  Don’t you see at least some risk in 
using the robots for anything critical?  Perhaps the Platonians are testing our common sense as 
well as our scientific ability, and, if so, I think we just failed!” 
 
 Roger flushes and says, “We were told the robots were here to help us.” 
 
 “Right, “ you say, “and Captain Kirk is Santa Claus!  So what value of maximum 
temperature did those walking scrap heaps give you?” 
 
 Roger pauses, and then says “ 103.2 °C .  They showed us exactly where the maximum 
was measured.” 
 
 By now you are screaming, “And were your shoes smoking? ” 
 
 Roger finally understands that he and Andi have been conned.  He says wearily, “OK, 
let’s go do the measurements ourselves.”  You all realize that this is a big job.  There is a lot of 
area to cover.  Fortunately there are six temperature sensors.  You propose that everyone spread 
out, start measuring, and walk always in the direction of increasing temperature.  With luck and 
care you will all end up at the same point – the location of the maximum temperature.  As a 
check, you will repeat the process on a small scale near that point to make sure you actually have 
found the maximum.  You all set out to complete this final task.   
 
 Harry and Marv are watching with undisguised amusement from one of the balconies.  
Harry leans over and yells out to you, “Hey Kevin!  Are you having a good time?”  Puzzled, you 
turn to Catherine and say, “Did you hear that bucket of bolts call me Kevin?  What’s with that?” 
Catherine shrugs and you trudge on to your marathon temperature measuring session.   
 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
 Nearly eight more hours have gone by when you reassemble wearily in the conference 
room.  At least this time you are confident in the temperature measurements.  Vinod starts the 
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discussion.  “The maximum surface temperature is 8.1 ¡C .  Does everyone agree?”  There are 
general nods.  You agree, although you are concerned that it is a relatively small increase over 
the nominal 5°C  that would obtain in the absence of the reactor.  You and Catherine have used 
this value to calculate the depth, and you have repeated the calculation for temperature values 
shifted from the measured value by ±0.1 ¡C .  The range of depths so calculated is less than 2 m, 
so everyone is guardedly optimistic.  It is time to test your results.  
 
 You all walk slowly to the computer near the exit (Figure 2).  It looks like a 20th century 
earth computer of the kind called microcomputer in those ancient days.  The data entry task is 
given to Vinod, who is by far the most familiar with the old hardware.  He enters the first digit 
very deliberately and with great care.  He is just reaching for the keyboard to enter the second 
digit when a falling object flashes by and hits the return key.  The computer accepts the 
incomplete entry.  The lights brighten, and the tiresome recorded Platonian voice returns.  
“Sorry,” it says in an almost cheerful tone.  “Wrong answer.  One more try.  Good luck.”  The 
lights dim again.  You look up to see Harry and Marv on the balcony above you, high-fiving 
each other.  You bend over and pick up the small wrench they dropped with such devastating 
accuracy.  You can think of nothing you would rather do than use it to dismantle them. 
 
 Once again, Roger takes charge.  “Yud-ren, Andi, and Catherine.  Keep a close eye on 
Harry and Marv.  Don’t let them anywhere near this computer again.  Give a holler when you are 
sure things are clear for us to proceed.  Vinod, you will enter our answer again.  I will stand 
guard near you.”  Turning to you, he instructs you to stand near the entrance in case it opens.  
You are to go outside as soon as possible, so that if something goes wrong after it opens, there 
will be at least one person outside to call for help.  Everyone knows, but no one mentions, that 
the Enterprise won’t return for a week, and it may be too late by then for anyone still trapped in 
the museum.  Yud-ren shouts an all-clear, and Vinod approaches the computer again.  Very 
carefully he enters two digits, a decimal point, and a third digit, and then he presses return.  Once 
again the lights brighten . . . . .   

       
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 
Your Task and Work Schedule 
 
 As a minimum, your work should include (1) the calculation of the source depth from the 
value of the measured maximum surface temperature, and (2) the range of source depths 
consistent with a temperature variation of ±0.1 °C  about the measured maximum.  It would also 
be desirable to discuss the variation of temperature with horizontal distance from the maximum 
point, to say something about the error in depth associated with measuring the temperature at a 
point displaced slightly from the true maximum.  
 
 In order to allow time for the evaluation of your work before term-end, your report must 
be completed by stardate 10026.8 (local Rochester time:  Wednesday December 13, 6 PM EST). 
If you are successful, you and the other five will be freed, and Harry and Marv will be presented 
to Kirk and Spock.      
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Figure 1.  Ancient Platonian Museum of Science and Technology 
 
 

 
 

Figure 2.  Platonian Computer on Which Depth Estimate is Entered 


