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PROLOGUE


  FIFTEEN MEN in shining, bulky air-tight suits stood beside the great hull that had brought them across a quarter of a million miles of space, and landed them at last on this airless satellite world. Warm golden light still shone from the windows of the giant machine, the greatest rocket ship Earth had ever produced. Harsh, electric-blue sunlight glinted on the jet-shadowed spires of the crater wall beyond. In the near foreground was the cracked, pitted surface of a crater-bottom, scarred and broken by ages-old moon-quakes, fading into a horizon strangely near, made jagged by incredibly rugged crater walls. And above, in a star studded sky hung a blue-white ball of fire, the unshielded sun. There was no air here; warmth was only where the sun was. Night was everywhere, hidden from the blue light of the sun in every shadow.


  The fifteen men were grouped about a metal structure they were rapidly raising from a barren, level mass of rock. When it was completed, a bedraggled American flag hung limp in the airless space. In forty-eight hours it would be a piece of white bunting, bleached colorless by the violent light of this place. Later they were to replace the limp-hanging cloth with a sheet of painted metal.


  But now they had other work. Dr. James Harwood Garner was the leader of this party of carefully chosen men, and in the name of theUnited States of America, he claimed the so-called dark half of the moon. Half a world! Millions, tens of millions of square miles of utterly barren surface, surface never seen by Terrestrian eyes, save when, five years before, Capt. Roger Wilson had circumnavigated the moon twice, landing for two brief days on the Earthward side, and had claimed that.


  But unlike the earlier party, these men were here for continuous exploration, and not for two days, but for two full yearsl Their orders read: "On June 10, the ship will leave fromInyokern,California, Earth, arriving atLimaJune 15. One circuit of the satellite will be made, and a landing made as near the center of the "dark side" as possible. Explorations will be conducted and data collected for one year and eleven months. On May 10,1981, a relief ship will take off from Mojave, California, Earth, proceeding directly to the camp on Luna, landing as near to the dome as practicable. For one month both parties will remain on the satellite, then the return shall be made, starting June 15, and arriving atLake Michigan, Earth, on June 20."


  This first ship came out, loaded with the tons of supplies and instruments that must last the men two full years. So great was the load of oxygen and food, that no fuel for the return could be carried. Hence the need for the relief ship, carrying oxygen and food for but fifteen days for the total crew of both ships, seventeen men in all. The men were to weigh "an average of 153.5 pounds. Two thousand pounds of instruments, samples, photographs, and materials may be returned. Under any circumstances the comparative-reading instruments (instruments whose value was lost if experiments conducted with them on Luna were not repeated with the same instruments on Earth) shall be brought back."


  From the squat, pointed cylinder, heavy leads were run, while other men set up powerful electric winches. Electric wrenches and tools were brought out. Inside the ship motors were pumping the atmosphere back into the tanks from which it came. Presently the trained crew fell to work, and rapidly the entire machine was unbolted, the gaskets between the plates laid to one side, and the numbered pieces piled in order. Only the low, round battery-house remained untouched; this was the base of the original ship, housing the batteries that would supply heat and h'ght during the two-week long lunar nights. Now the winches began work again, and rapidly the pieces from the hull were transformed into a new "shape, assembled till they made a huge, polished dome, with five small windows set in it. Within it were the bunks, stove, supplies, tanks of oxygen and water, air purifiers--all the equipment and supplies of the original ship, converted into this more spacious dome.


  Beyond the battery house and the Dome, a series of racks were set up, and on them huge photo-cells that soon began pouring energy from the sun, converted into electricity, into the batteries. Camp was made. Ten hours had elapsed, and now the men retired to the dome, and turned the air from the tanks into it. In another hour the pressure and heat within were normal, and a meal was under way, their first on the Moon.


  Sleep now--then the two years' work was begun. It was during the lunar night that most of the exploration was done. "During the days," wrote Dr. Thomas Ridgely Dun-can, "we are constantly oppressed by the monotony. It is a time of rest, and repairing things that need no repairing. The heat from the sun is absolutely unbearable, the rocks are hot enough to melt tin, even lead. The entire world is bathed in burning heat. The suits cannot radiate enough to cool, and perspiration does no good. We'are continually subject to sunstroke, and have to remain in the dome.


  "At night the work begins. The sun sinks, and the great barren surface cools. Starlight, far brighter than starlight of earth, gives a slight general illumination while our suit


  lamps supply more. But little battery heat is needed, and wide exploration is possible. The greatest handicap is the necessity for eating. One cannot eat in a space suit, and one cannot take it off. Oxygen supplies for several days could be carried, but food and particularly water, is the problem."


  But explorations were carried on. During the day the two mineralogists, the two chemists and the photographer were busy. The little astro-physicist, Melville, was busy day and night. The magnification possible on the airless moon threw him into a terrible despondency, because he had only two three inch telescopes, the greatest weight he had been allowed, and their light gathering power did not permit him the magnification he wanted. So Duncan and Bender and Whisler working together, made a twenty-inch reflector of fused quartz, and with this Melville succeeded in getting photographic maps of the famous "ca-nali" of Mars for the first time, maps that proved them not canals, but tidal swamps, caused by the cross drag and pull of the two satellites of the planet and the Sun.


  The others had little to do during the day. Birthdays were celebrated; and the Fourth of July, Christmas, Thanksgiving, New Years Day, all were feast days.


  Two light tractor-treaded trucks were included in the equipment. The chassis and treads of the trucks had originally been landing gear for the great rocket, 'and their engines had served as air pumps and fuel pumps. Every piece of equipment had served dually on the rocket. Assembled on Luna, they carried the men further afield, and did heavy work.


  But "There is little to do. We know all the motion pictures now, every move of every film. Only our own new films are of interest. TJiere is no radio here, since the airless moon has no Heaviside layer to bring the waves about the curve that hides Earth from us. We can neither send nor receive from Earth. It is nearly 1500 miles to the nearest point where earth is visible, and therefore reachable. We are thrown back half a century in time to the period when explorers were cut off from other men.


  "Our little helmet radios work fairly well up to a distance of about five miles, further if we are atop a ridge. The powerful tractruck sets can reach some twenty miles broadcast from a ridge top. But the curve of the Moons surface makes real ranges impossible--it brings the messages too far underground."


  Cut off from humanity by distance and solid rock as they were, it is no wonder they welcomed the night's work. Most of the exploration was done by foot, rather than tractruck, since men afoot could "make better time over the incredibly jagged rock, and the frequent chasms. We can leap fifty to seventy-five feet easily, and the trac-trucks can't. Future expeditions should develop a mechanical grasshopper, perhaps on the order of an inverted catapult with powerful steel springs, cocked and released by an engine. Nothing else can move far here. Airplanes cannot be used, of course, where there is no air. Small rocket ships can't be supplied with fuel."


  Still the tractrucks could carry the men further, as the hard working explorers needed greater oxygen supplies.


  There is little of interest that has not been made public already. Perhaps a few of Duncan's weather reports are most interesting, best give a picture of that cruel, dead world. "The mercury thermometer was left outside accidentally, and has been broken. We were alarmed at breakfast by an inexplicable boom from the Dome walls. We rushed out to see what had caused it, and found that the rising sun Iwd struck the mercury bulb, blackened to register in this airless place, and had quickly raised it to tfo boiling point. The explosion had caused the sound."


  Again he reports of a lunar pre-dawn. "Winter here now. We hadn't believed it would make any difference, but apparently it does. We cannot notice it; it is always cold or hot. Nothing is moderate. The chasms are terrifically deep, and terrifically abrupt. The craters are gigantic, and their walls miles in height. It is either utterly cold or utterly hot."


  The sensation of constant fall, which Duncan mentions at first, left them as they became accustomed to the lesser gravity. Their muscles did not weaken as had been feared. Instead they grew stronger from the heavy work. Yet the weight charts that Dr. Hughey, the expedition's surgeon, prepared read like kindergarten records. Duncan, in prime condition the beginning of the second year, was recorded as weighing 31 pounds! Dr. Hughey reports he was weighed on a spring balance hooked through his belt, and supported at arms length by one of the men. Yet that means a normal Earth-weight of very nearly 186 pounds. Then late in the second year came the first fatality. Duncan writes, "Today we had our first tragedy. In but two months we will be leaving; and Morrison and Wilcott would have gone with us. They were exploring near North Chasm in tractruck No. 2, and the edge broke away under the weight of the machine. The chasm is over half a mile deep, and they were precipitated to the floor below.


  "The slow fall under lunar gravity was a mockery. Wilcott called the Dome, and told them they were falling! They sent us word where they were, called good-bye-- and there was a crash.


  "Efforts to recover the bodies were in vain, though Rice, with tJie aid of the other tractruck and a long cable, succeeded in reaching, and recovering the machine. He says he will be able to repair it. The two men were hurled free, apparently, and buried under a mass of rubble.


  "North Chasm has been renamed Morcott Chasm."


  As the months passed, the time for their release from voluntary exile came nearer and nearer. As each lunar night passed they watched more anxiously the dark heavens for a moving dot of light. Tremendous work had been done; and now they wanted only to return to the Earth with it's soft, natural air, winds and rains. But their release was not to be so soon. Nor for some of them,,was it ever to be.


  The remainder of this account is from Dr. Duncan's diary, kept faithfully throughout the two years, and later through the terrible period of waiting for a second relief ship. It was, like all their records and accounts, written in chemical pencil, since ink was either frozen or boiling much of the time. During all the months the expedition spent on the alternately frozen and baked moon, Duncan missed but one entry, the last, when his hands could no longer hold the pencil.


  Throughout the diary he mentions the men by their last names. A list of the men living at the end of the second year is given here.


  PERSONNEL OF THE GARNER LUNAR EXPEDITION


  Dr. James Harwood Garner, leader, rocket-ship engineer, astro-physicist, chemical engineer.


  Dr. Thomas Ridgely Duncan, physicist, second in command.


  Dr. Eustace M. Hughey, surgeon of expedition.


  Dr. Robert Kenneth Moore, chemist.


  Dr. Warren P. Tolman, chemist


  Mr. Arthur W. Kendall, photographer.


  Mr. David H. King, mineralogist.


  Mr. Hampden S. Reed, mineralogist.


  Mr. Anthony T. Melville, astro-physicist.


  Mr. Carl Jewell Long, astronomer, navigator. (Who did much of the work in determining latitude and longitude on the moon, and in navigating the ship, across space. Fort Washington was taken as the zero meridian.)


  Mr. George W. Rice, expert electrician and mechanic. Mr. Joseph T. Whisler, cook, mechanic, lens-grinder.


  Mr. Frederick L. Bender, mountain-climber, adventurer, mechanic, amateur astronomer.


  THE FIGHT FOR AIR


  The Diary of Thomas R. Duncan, Ph.D.


  May 16.


  King and Reed returned from a last expedition to the south-west. They report a remarkable find, a bed of silver selenide so enormously rich that they declare it could be profitably worked and the silver carried back to Earth. It is an enormous bed of "jewelry ore."


  The morning is half over now, and tomorrow the relief ship is due. We are awaiting this release with the most intense eagerness. The moon, for all its terrible harshness and cold and heat has become beautiful to us--a frozen hell, but awesome and magnificent for all that. Most of the men spent the day looking for the relief, and little work was done. We know that it is due tomorrow, and a day more or less means that some accident has happened.


  Whisler promises a feast tomorrow. We are all eager for news from home. As we have not even seen Earth in two years, it may have been wiped out for all we know. An all-out atomic war might be in progress, and we would not know.


  May 17.


  The relief has not arrived this evening. It was to be here not later than the seventeenth. We have air supplies for two months, food for three, and we are worried. Interplanetary schedules are exact, of necessity. The ship should have started at syzygy.


  May 18.


  Outside, the relief ship lies, a crushed, red-hot mass of broken, glowing metal. It arrived this afternoon, twenty-one hours late.


  The meaning of this to us, is terrible. It will be at least one full month before Earth even knows that the relief expedition has failed. It will take at least another for action to be started. And not less than five months will be necessary to build a new relief ship. This means that not less than seven months must pass before we can hope for relief--and we have oxygen for two months morel Food we can cut down on, but oxygen we cannot reduce.


  This morning Rice caught a glimpse of it as it came above the horizon, sweeping rapidly up till it was 'new' and dark, a tiny satellite of a satellite. We all saw it disappear below the horizon. We were watching for it when it appeared over the horizon again, rising. It was much nearer and larger, and our spirits rose. It was less than 1000 miles away, and the rockets opened just after it crossed the horizon, with the result that it began to fall rapidly toward the surface. A cheer broke out from the men, and Rice, as radio operator, attempted to establish communication. At 10:55 he received a reply; the ship was less than 300 miles away, settling on intermittent rockets, and coming fast.


  We welcomed them, and watched them settle less than a mile from the Dome. They landed with a slight jar at 11:12. Almost immediately the stern rockets broke out, and hurled the ship fully fifty miles straight up, with terrific acceleration. The men were very quiet as we watched. It was easy to understand that the main rockets had in some way been accidentally opened, and could not be shut off.


  The ship was finally driven to a height of half a mile by some of the most skillful management of rockets I can conceive. The servo controls failed suddenly, and under the full drive of the main rockets, and lunar gravity, the ship crashed to the plain, now less than a quarter of a mile from the Dome. It exploded instantly. In fifteen seconds it was a white hot mass in which we know the pilots have lost their lives. We could not investigate today, as the wreck was too hot to approach.


  Dr. Garner called a meeting of the men shortly after that, and briefly pointed out that it would be over a month before Earth would realize the relief ship had crashed, and at least eight months before a second ship could be built. He asked that suggestions be given in the morning.


  May 19.


  Temperature: 163 C in rocks.


  The meeting was called this morning after breakfast. Moore, in charge of pure atmosphere, advised permanent discontinuation of all smoking, as it consumes oxygen and fouls the air. He has stated that he may be able to get oxygen from compounds in the rocks, though the process will be difficult.


  As quartermaster I had to state that the rations would have to be greatly cut down.


  Air is evidently the primary problem, as it is impossible to greatly reduce our allowance of oxygen. We will at least have warmth. Water we have for two months, but Moore promised relief on that score.


  Rice reports, however, that the batteries which have served us two years under the most extreme conditions, are in danger of breaking down. Originally built for lightness, they may fail, since they have been run continually on what amounts to an overload.


  The tractruck has a fuel supply for but sixty hours operation; and in hauling the minerals for extraction of oxygen would be exceedingly valuable. Bender objected to its use, saying it required too much oxygen; actually it uses less than men accomplishing the same work.


  King and Reed reported the brightest spot in the meeting. There is a large gypsum field nearby, where water can easily be obtained by roasting the rock. Moore had hoped to find something of the sort. Electrolysis will furnish the needed oxygen. Demand on the batteries will be serious.


  We have spent the day bringing supplies of the gypsum to the camp, while Rice, Whisler and Bender constructed a wheeled trailer. King and Reed, after showing us the location, started work on the electric roasting furnace we will need. Obtaining the gypsum is very trying work, as explosives are useless on this airless world, unless very heavily tamped. We find we have very small supplies of explosives.


  It will be difficult to live off so barren a country. One must work even for the air one breathes.


  May 20.


  Temperature: 169 in rocks.


  Afternoon is coming in the lunar day, and Rice warns us we will not be able to use the batteries to produce water during the night, and advises against diverting the power of our photo-cells. The batteries are not fully charged after last night's (lunar-night's) use. I am inclined to agree with him, though Bender does not believe it, and has convinced the others it will be safe, even necessary.


  I have made a trip today to Reed's silver deposit. I think it will be useful.


  Nearly ten tons of gypsum hauled today. King advised construction of roadway, but Tolman, in charge of works, felt it best to get all the gypsum possibly in before night.


  It will be difficult to work then; it will be too dark to handle explosives.


  We are all tired tonight, and feeling the pinch of reduced rations. Whisler has been ordered to cut down the amounts slowly.


  May 21.


  At my suggestion, Garner ordered a roadway constructed to the gypsum mine. I feel it wise, as the trac-truck will not always be available.


  I have been accused of favoring certain members of the party in the matter of rations. They have been very short and are due to become shorter, and the men's tempers with them. We are working harder than ever before, and with less food.


  The sun is approaching the horizon now, and Reed tried out his still today. The photo-cells would not carry the load, a*id the batteries had to be drawn on, against Rice's protests.


  The mechanism is not satisfactory, for though the water comes off readily, it will not condense, surrounded as it is by a world all of which is above the boiling point of water, even under atmospheric pressure.


  May 22.


  The road has been finished, and late today the trac-truck broke down. There is so little fuel left it was decided not to repair it. Another cart was built, and the men are hauling the material. It is fortunate lunar gravity is so weak.


  Reed has, improved his still, and it works. He was forced to build a shelter which cut off the sun's rays. He says it would be impossible to work at night anyway, to which Rice privately gave a sigh. He seems to love that battery set.


  I paid another visit to Reed's silver deposit today, and


  returned with some samples on a small sledge. I will try to make some photo-cells * with Moore's aid.


  Food has become a popular subject of conversation. Though they realize the necessity for drastic rationing, and take it in good spirit, all the men are hungry. The tobacco smokers are particularly unhappy. I have taken to chewing a crumb of tobacco occasionally, and find it far from satisfying.


  When the call for meals is broadcast we all come promptly. Whisler is being unmercifully kidded, and tonight a mock trial was held in which he was accused of wasteful use of water. The soup tonight was rather thin.


  May 23.


  It is nearing sunset now, and during the sleep-period tonight the sun will probably set.


  A considerable pile of gypsum has been hauled from the mine, and Reed has made a larger oven for use when the sun appears again. He found some large blocks of pumice rock, and has set these up as insulators for his furnace.


  Moore and I have started work on the photo-cells. The silver was refined electrolytically, after we reduced it to a soluble compound. We made a crude, small cell, and were delighted--and, I admit, somewhat surprised--to find it worked. Kendall and Rice have .agreed to help us.


  Pancakes for breakfast, washed down with coffee, at 7:15, and some twelve hours later dinner of vegetable steak and a watery soup. You feel satisfied for the next half hour, till the water is absorbed. There is some complaining from our stomachs, but there is surprisingly little grumbling, though the men are working hard all


  * The photo-cells were made of silver plates, a layer of silver selenide, and a transparent layer of a second metal. Sunlight falling on these generated a quite powerful current. These had been their source of power during all the past two years.


  day, under difficult conditions. Luckily the mine is now under a ledge of rock that shades it, and makes the work endurable. It seems curious to dig ones air from the rocks.


  May 24.


  Dr. Garner has detailed Moore, Kendall and Rice to assist me in making the photo-cells. Rice however, spends half his time with his beloved batteries. I can understand his worries, after seeing the cells. They were made, I fear, for light weight, rather than long service. The material has been falling from the plates badly. Rice experimented today with the possibility of rebuilding the plates, and had to give it up.


  We are not equipped to resist cold. We have only the thinnest of blankets, for it was not expected that it would ever be cold within the dome.


  My stomach is constantly afflicted with an unpleasant burning feeling, and of course the others feel it too.


  Temperature outside: --143.


  May 25.


  Ten large photo-cells completed, and the gypsum pile increased. At my strong recommendation the still will not be used until day. We hope to have a considerable battery of cells by then. Even Rice agrees that the current we are drawing for making the cells is drawn in a good cause.


  Very difficult to work glass for cells without gas flame, but the oxygen cannot be spared.


  Reed, King and Tolman are working on an electrolysis apparatus for use with the still. Some question as to disposition of hydrogen released. We have all too many empty tanks, and I suggested storing it for possible usefulness. Certainly as well as to release it.


  Temperature: --147.


  May 26.


  About two o'clock this afternoon Melville was brought in in a horrible condition. There was an accident at the mine today, a rock slide, and Melville was buried. Instinctively his arms protected the faceplate, and it was not broken, but a great rent appeared in the leg of his suit, and the air began to rush out. The others uncovered him in a very short time, and found him clutching his leg tightly to prevent the escape of the remaining air. A rope was tied about the thigh, to cut off the leak, and he was hurried back. He said nothing on the trip, and was unconscious when they arrived. They set him down in the airlock as gently as possible, but when they picked him up to carry him in they discovered his leg, the right leg, had been broken off three inches above the knee. The heater wires had been cut when the suit was torn, and without heat from the battery, and the circulation cut off by the air-stop, his leg had frozen on the way back. It was evidently brittle as glass in the cold of the lunar night. Dr. Hughey tied the veins and arteries, dressed the wound, and hopes for the best. No one has had any experience with such wounds. The stump of the leg was soaked in cold water, which had to be constantly renewed at first, as it froze against the flesh. Aside from the small capillaries, burst in the vacuum of space before freezing, the flesh appears normal.


  Work was stopped at the mine, and tonight Dr. Garner spoke to us briefly on the dangers, but the absolute necessity of mining. We can only continue the work. The men are greatly depressed.


  We have fifteen photocells finished.


  May 27.


  Melville is conscious this evening, for the first time since the accident. Dr. Hughey has kept him under soporofin, but his stump is thoroughly thawed, and he was allowed to regain consciousness. For some time as he came to consciousness he complained that his foot itched, and tried to scratch it. When he was fully conscious he quickly understood that it was missing, and heard the whole story. He has been very calm, merely saying that as he is an astro-physicist he will not greatly miss it. He wants to help us with the photo-cells, as he says that is the only work he can do now.


  He suffers no pain, apparently, and Dr. Hughey says the freezing was so rapid that the tissue of the stump is unharmed. If only he had not been laid down there in the air-lock. But then, no one ever had experience with space-freezing before.


  Twenty-five completed photo-cells, now. The work at the mine was resumed today, while Dr. Hughey replaced Rice here on the photo-cell work.


  The rations have been reduced to one and one-half pounds per day per man, which will mean about five months supplies for us, in-so-far as food goes. However, we will certainly not die of starvation. Before that occurs we will be too weak to work the gypsum mine.


  May 28.


  Since the sun has long been below the horizon, work at the mine has become hard, for it is cold and dark. The tractruck batteries and lights were dismounted, and set up beside the mine for illumination. There is scarcely a score of steel picks left, and Garner is worried about the situation. The steel picks are invaluable to us; and in the terrible cold of the shadowed space, they are, as I have said, very brittle. Kendall broke one today, as he is inexperienced in their use under these conditions. At my suggestion Reed tried something with" the cinnabar we found two miles south-west of Fort Washington. It was


  difficult work at night, in the cold outside, but we could not refine it inside due to the poisonous fumes. Rice, as usual, complained bitterly at the drain on his batteries, and some of the men complained even more strongly at the use of oxygen, but fortunately the work was successful, and two new picks of solid mercury were made. In this extreme cold they are hard as steel, and no more brittle. Further, should they break, the pieces need only be picked up, and brought back here. They fuse together, and can be returned to service in half an hour. They are much heavier, and are very popular for that reason.


  Melville is improving rapidly, much more rapidly than we had dared hope, and has been helping greatly on the photocells. He is a skilled manipulator.


  In speaking to Dr. Hughey about the chance of stretching our food supplies, he gave as his opinion that it would be impossible to reduce the rations beyond one pound per man per day if mine work were to be maintained, and doubted that they could be done. Privately I agree with the latter reservation. I have been mining the silver only intermittently, but I can readily appreciate the feelings of the miners.


  May 29.


  Dr. Garner is on the sick list at present, and the men are trying to make his stay there, he claims. Our leader has certainly been leading the men in work, and it has told on him more heavily than we knew. Dr. Hughey has ordered him to rest. Dr. Garner is the oldest of us, and probably would not have been chosen had he not organized the expedition himself.


  Forty photocells completed. Fifteen today, thanks to Melville's aid, and the experience we have gained. Dr. Hughey says it is much better for Melville to do what he is able to, as it improves his mental condition.


  May 30.


  Reed is 28 today. I issued a quart of the Scotch whiskey for him, and some of the men froze it into a cake, with "iceing" of pale ginger ale. Reed insisted that it be cut with a knife of mercury to be in keeping. Needless to say, the "cake" was not eaten, though Reed got a few cold-burns from handling his knife and the "cake."


  Work continued as before, however. Another still is being built now, with provisions for continuous process operation. Pumice-like stone cars will be dragged through the kiln, saving the heating and cooling of the furnace between charges. Experiments have to be made, and one mistake almost ma4e was in putting the planned outlet to the condenser at the top. It is hard to remember that such a thing as hot gases rising is unheard of here. ALL gases sink--when they occur. It makes things easier, however. The vapor need only be collected in a funnel-like tray at the bottom.


  May 31.


  Long has made a proposal. He offers to go to the edge of the portion visible from Earth, set up a heliograph, and signal Mt. Wilson. He feels certain even a small mirror would be visible. He plans to carry a flask of mercury, and freeze his mirror on the spot. Food he says can be carried in the form of canned milk in a rubber bottle, and drunk through a tube. We have all, but Melville and one other, offered to accompany him. Garner has refused his offer, and ours. As the leader he feels responsible, and says the expedition is impossible. He points out the danger of starving and thirsting if the tube is dropped from the mouth while asleep or by accident/ since it would be impossible to restore it.


  But it might well save a month or more of time.


  June 1.


  The men are tired nights, and sleep is heavier. In the evenings, however, various amusements are tried. There has been considerable amusement derived from a planetary round-robbin story. Melville left the hero stranded on Jupiter, where the gravity was too great for his ship. Long comes next. He will carry on tomorrow night.


  There seems to be a tendency, during the course of the story, for the characters to partake of some very tempting meals. All the frozen fresh meat is gone, and the meat-flour, though nourishing, is not tempting.


  More photocells today. We have now a total of eighty-five cells, or one full bank. We will set them up tomorrow.


  June 2.


  Long disappeared during the night. We all volunteered to go after him, but Garner ordered us to stay. It would be impossible to find a man on this dark lunar surface. The entire country is indescribably rough. Every ancient moonquake rift is as sharp as the day it was made. We are all hoping for Long, but as Rice said, "It ain't a Long hope and it's a hell of a Long chance." The great circle distance is 1100 miles, probably 1500 across country. It is not difficult to make 300 miles a day here, and under forced marches he will probably make 500 the first day. He took oxygen for seven days.


  I wish I could foresee my entry for June 9.


  Four new Mercury picks made. They work excellently, but blunt rapidly and have to be re-cast every day.


  June 3.


  Long evidently took six days' rations of powdered milk chocolate and water, as I miss them from my store. Curiously I thought they were there yesterday, and thought he had merely eaten a heavy meal. We do not begrudge him those supplies.


  The men are greatly excited about Long, and have been trying continuously to reach him by radio, but he is already beyond range. A month's difference in the arrival of the rescue ship may well mean life to us.


  June 4.


  It is shortly after midnight, and Rice has reported to me privately that the batteries are failing badly. He says that if they are to last till sunrise, we must lower the temperature of the Dome. They are evidently going to pieces even more rapidly than he feared. Ironical, the beauty of our calculations in making the equipment. This was to have been our last Lunar night, and the failure of the batteries would have been a minor nuisance. As they certainly won't last another night, it's hard to know what it does mean now. As I have said, we brought no heavy clothing, the suits being sufficient in empty space. I have stopped working on the photo-cells, as the others are advancing nicely, and have started on a burner.


  The men were told this evening of the probable failure of the batteries. Like good sports they agreed to the change. The Dome will be cold while the men are out working, kept just above the freezing point (we cannot let it fall lower) will be warmed at supper time, cold all night, and wanned in the morning. The saving will really be considerable.


  June 5.


  Long's birthday. He was 28 today, but not with us to celebrate. We hope he will be here to celebrate Tolman's, the 14th. It will be sunrise, then.


  Burner worked successfully. Too bad we can't use it tonight. It will save us, probably.


  June 6.


  Last of canned milk issued. Last sugar gone, also. The supplies look amazingly low, now that we have cleaned


  out all the empty boxes which had been saved for possible future use.


  I was again accused of favoritism in distribution of food by Bender, today. He is ill-fitted for mining work, and hunger adds to his distaste. I am only surprised none of the others have made accusations, though I deal with all possible fairness.


  Very uncomfortable working in Dome with temperature low. Rice says he prefers the mine. We are using the heater at the laboratory end which makes it slightly better.


  June 7.


  Rice claimed he heard signals from Long. I doubt it, as but five days have passed, and he expected to be gone seven.


  There is a great pile of gypsum outside now, and some of the men are saying they can take a rest, since we have enough for now.


  It is very cold in the dome during the day, and it is almost impossible to work. But Rice says the batteries may last till the 14th, when the sun rises.


  Two full banks of photocells completed, increasing our power generating equipment 50%.


  June 8.


  Today Rice had to cut out several of the worst cells and cut the heaters in half. They work very poorly, and we freeze all day and all night.


  The round-robbin story, which was left off with Long^s disappearance was continued. The ship was hurled free by a volcano, and has landed on Mercury. Heat in abundance, and plenty of food, I noticed.


  Melville is almost completely healed, and Rice has made him a sort of push-cart on which he can move readily.


  June 9.


  No word from Long, though we have waited till 12 o'clock, New York Midnight. Garner ordered us to rest.


  Two more burners arranged. Rice has made a compact recharging outfit, and Garner has agreed to the plan.


  Some fear today the temperature will fall below freezing and burst the water tanks and food tins. It would be disastrous, for they-would be lost beyond redemption.


  June 10.


  Signals from Long! It began at 11:30 P.M., and Rice at once took bearings. The signals were too weak to decipher. At 11:45 they were readable. Long was then twenty-five miles or so from the Dome. He had thrown away everything, except one oxygen tank, almost empty. He hoped to reach the station before it was exhausted.


  Rice wanted to head a relief expedition at once, but was ordered to remain at the radio. Bender is leading an expedition commanded by King, carrying oxygen tanks, and a stretcher.


  June 11.


  The sun rises in five hours. Long is freezing. His battery is exhausted, and his oxygen so nearly gone he cannot work to maintain bodily heat. Distance 22 miles. The expedition has covered five.


  Dr. Hughey has made a startling proposal. The expedition cannot reach him in time, and Hughey advises that he allow himself to freeze as quickly as possible! From his experience with Melville's leg he says he feels sure thyra-dren will restore him to life. If it is possible it will save Long's life.


  Long has assented. He has thrown himself into a position that will be shadowed even after the sun rises, and covered his suit with the emergency radiation paint. He has stopped speaking.


  Later--sunrise. The expedition found Long, and brought him back on the stretcher. He was frozen solid, and the oxygen and gases in his suit are liquid. The photocells are pouring in power, a great relief after nearly freezing to death. It has been hard on us.


  (Equipped as the expedition was with light summer blankets, working on a starvation diet, stating that it was "hard on us" was a fearful understatement of facts.)


  Hughey had Long brought into the Dome, placed inside a huge coil of wire, and from the main radio set, drew radio frequency current at the maximum power. The body was warmed to 99 degrees in less than five minutes. Artificial respiration with pure oxygen mixed with carbon dioxide was started, and heavy injections of thyradren administered directly to the heart.


  The process has been continued for half an hour now, with.no results as yet.


  Later. Long is alive! He was badly starved, as well as under-oxygenated, and already he has eaten! He is recovering with unbelievable rapidity. He is apparently wholly unharmed. It seems a miracle to us who saw him brought in, a frozen statue, bathed in liquid air, brittle as glass, and as dead! Kendall, worse than any newspaper photographer, has photographs, he says. Long will be interested!


  Work continued this afternoon, consisting mainly of setting up the photocells, and starting the furnaces. Everything is working smoothly. Long has not been allowed to speak yet.


  June 12.


  We were disappointed to hear that Long had been unsuccessful. He stayed twelve hours within sight of the Earth, trying vainly to correspond. Neither heliograph nor radio brought results. Radio, he believes, was interfered with by the tremendous group of sunspots he noticed, and the aurora of Earth was magnificently bright, even from there. He evidently picked an unfortunate moment for his brave attempt.


  It was the twelve hours delay which caused his--death, as a matter of fact, though it seems wrong to say that while he sits watching me.


  Hughey is writing a medical report, which will explain the case more fully than I could.


  June 13.


  Work progressing rapidly. Gypsum fed into the furnaces is quickly ejected as de-hydrated CaSC>4, the water collected, and taken to the electrolysis apparatus. It is warm and comfortable inside the Dome now, for which we are all thankful, and the work on photocells is progressing rapidly. Another load of silver selenide was hauled over today.


  Rice has repaired the batteries to the best of his ability, and they are being recharged for lighting and laboratory needs during the night. The burner hearing system is being charged and more burners prepared.


  I find in re-reading the diary that I have not described this. Hydrogen and oxygen, derived from water, electro-lyzed during the day by our photo-cell power, is stored, and burned together for warmth during the night. The water so formed is collected, condensed, and stored to be re-electrolyzed the next day. It is thus a perfectly reversable action, requiring only the electro-chemical energy from the photo-cells. And our heating plant will be once more free of the batteries' defects.


  Long is feeling well, and worked today on the photocells, though he maintained he was perfectly capable of returning to the heavier mine work. Dr. Hughey says that he is best here.


  Long tells me he took but one day's supply of food with him. Some one else must have rifled the stores. We all feel hungry, save immediately after meals, but I did not expect that, since our company has been so finely uncomplaining.


  June 14.


  I made another trip for silver selenide. The lunascape is awesomely wonderful under the early morning sun. Titanic peaks loom up, casting shadows as black and hard as full night. It is a land of blinding light and blinding darkness, with mighty, rugged chasms on every side, and only bare, jagged rock underfoot. The passage from light to shade is accompanied by a sudden fierce chill that seems to bite through in a moment, then the welcome heat of the battery dispels it.


  Returning, dragging the tractor-wheeled sledge loaded with ore, the sheen of the dome is a beacon, the only brilliantly metallic sheen in all this land of rugged, waste rock. Not a spindle of grass, no hint of shrub, nor fallen leaf. Not even sand, only jagged, harsh rock.


  It seemed vicious to us at first. Now, like the desert to its prospectors, it is beautiful for its fierce harshness, clean and naked and unashamed under a blazing, blue-white sun.


  But it is a relief to get back to the Dome. And more of a relief, after remembering the night of chill we have passed, in watching the meters that record the steady, powerful flow of energy coming from the photo-pells.


  June 15.


  Today marks our second year on Luna. . We had planned to take off today, for the return trip. The crumpled wreck of the relief ship seems to mock us. It has been investigated time and again, and not a vestige of any useful article has been found. The burning fuel destroyed everything.


  We have been forced to look for glass-making materials. Our supply of glass is running low, and we need quartz glass for the photocells. The hydrogen has been helpful in making them, for the flame is easier to work with, and Moore and Tolman have installed a reconden-sation apparatus which collects water from the air passing through the purifiers. It is electrolyzed for oxygen.


  More food has been stolen from the storehouse. It is curious that no one sees this, as it is light at all times now. But all the men are tired from their work.


  June 16.


  Fate has turned ironical. Rice, searching for quartz crystals for the tubes, brought in some magnificent, clear crystals, and said there was a' considerable bed of them, enough to last some time. Had it been quartz, we would have been lucky, for the crystals are clear as water. They are diamonds, most of them large as my fist. They are utterly and completely useless to us, as they cannot be worked in any way.


  No suitable quartz supply has been found.


  The gypsum pile is diminishing, despite the continued activity of the miners, and the oxygen pressure in the tanks is rising steadily.


  I have been interested in the psychology of the story tellers of the interplanetary round-robbin. The ship has gone to Pluto now, where it is exceedingly cold, but their power is endless. Oxygen is found frozen in glaciers, and may be chopped off with axes or explosives. Kendall, who has been working at the mine told the story tonight. It's Rice's turn tomorrow night. He will spend the day searching for quartz, and I have a half-hope he doesn't find it to see what his story will be.


  June 17.


  We should have been sighted from Earth today. Interplanetary schedules are exact, and our non-arrival will probably start discussion.


  Funds for the building of a relief ship will have to be raised by public subscription, to a total of approximately three millions. I fear it will be slow coming in.


  Work continued today hopefully. The oxygen and hydrogen tanks are filling ever more rapidly, for more photocells are constantly being added. Reed is now able to run two furnaces and is electrolyzing faster. The pile of gypsum is nearly gone.


  The hunt for quartz has been unsuccessful. The one thing we need beyond all others, the basic need, is power, and without the quartz we will be helpless to install the proposed electrical machinery at the gypsum mine.


  Rice carried on the round-robbin tonight, and the interplanetary travellers landed on the warm-belt of Neptune. Neptune's warm belt is caused by its satellite, which is a solid globe of crystal quartz, and which acts as a burning glass to warm the planet.


  June 18.


  Long has made another proposal, which I can back with my full agreement. Money must be raised by public subscription, and a ship built. The building will take at least four months, and Earth knows we have supplies but for one month more at most. That we have a new supply of oxygen and water they do not know. People will hesitate to give money for a cause lost before it begins. If some word is sent, telling that we have oxygen at least, the aid may be hastened.


  His new plan is that twelve men start from the Dome, all but three burdened with oxygen tanks, these three travelling light. At the end of one day, one oxygen-unit's distance, six men will turn back, caching all the oxygen they carried, save one tank apiece for the return. The remaining six will continue, again three heavily loaded, three going light. At the end of that twenty-four hour run, three will turn back, caching all their oxygen save one tank apiece. These will return to the first stop, sleep there for the first time on the trip, then return with one new tank. The remaining three, hitherto unloaded, will sleep at this farthest cache for twelve hours, then carrying four units of oxygen, a small photocell bank for power, a converter-transformer, and a powerful portable radio, will make a dash for the visible border.


  If the whole trip be made by daylight, no batteries need be carried, but a second trip to the first cache could put batteries there for emergencies.


  The men have all volunteered, and even Garner approves of this plan. Long insists he should go, as he knows the way, and the easiest way. The group will carry more powerful apparatus, and have a far better chance of success.


  The second thing of import in today's happenings was the discovery of a great outcropping ledge of crystal quartz. It was discovered by Melville--under the battery house! Rice threatened to tear his hair out by the roots as the Universe's prize ass.


  Actually, the reason it had not been discovered was simple. Since we came, an accumulation of battery sludge had hidden it. Our power worries are ended.


  Almost equally cheering was the discovery that we had forty pounds more protein flour than I had thought. That is three days added to our lives here.


  June 19.


  The plan Long outlined has been decided on. At his urgent request, he will guide the party. I have been given command, so I will get my first glimpse of Mother Earth in two years, shortly. Rice will be the third member of the three who make the dash. As he is the radio expert, he is the logical choice. Since all the others want to accompany us, the others are to be chosen by lot. The start will be made the ninth of July, which will give us fourteen days of sunshine, a plentiful margin.


  It was noon of the Lunar day, and terrifically hot today. The storage batteries will take no more charge, and have been disconnected. All new photocells were taken to the mine, along with the batteries and motors from the tractrucks, and several other electric motors taken from the rocket ship. The diamonds have proven useful after all. All the empty cans were collected, and the lead and tin melted off. A diamond toothed saw was achieved with the aid of the old tractor belts from the tractrucks. It cuts the soft gypsum with an enormous saving of labor. Carting it back is not easy, however.


  The mine power station is not yet self-sufficient, and is drawing on the batteries. New photo-cells will help, however.


  June 20.


  The long afternoon has begun. Miners are gaining on the furnaces now, and Reed is making a new one, wants new photo-cells.


  Work continued as usual.


  June 21.


  New furnace finished, and consuming more power than cells produce, but new cells coming. The complete heating system was tested, and found to function perfectly. So perfectly the Dome was unbearably hot in no time. Oxy-hydrogen flames are hot!


  June 22.


  More food stolen from supply house. I will be forced to rig a burglar alarm! It is exceedingly serious, for our supplies are rapidly diminishing, and we are all underweight. (A strong understatement. At the time he wrote this, Dr. Duncan had fallen from a normal 184 pounds of muscle and bone, to 155.)


  Moore is experimenting with what he calls ".edible" acids. Most of the men are claiming them "terrible acrid." I doubt that we could eat the substances, though undoubtedly they have food value. He has compounded them directly from water, carbon dioxide and nitrogen. He claims they will save our lives.


  June 23.


  Afternoon is well advanced now. We have gained considerably over our uses of the last month, and the oxygen tanks are beginning to show pressure. Water has gained even faster, and a new electrolysis apparatus is being set up. Despite the short rations the men are feeling better as they see the power from the sun wresting atmosphere from this frozen, lifeless world.


  June 24.


  A two pound can of dried milk is missing today. I cannot understand how these bold thefts are carried out. Nor can I understand how any of the men do it; they are all pitching in and working without grousing. We are all tired though, when we turn in. There is a distinct rivalry now between the furnace gang, those extracting water from the gypsum, and the mine gang, those extracting gypsum from the mine. The mine gang is gaining now, thanks to hard, heavy labor, and the new machines. Reed demands more power, which we are trying to supply.


  Long did the first heavy labor since his death! He went to the silver selenide mine with Rice, and brought back a supply.


  Preparations going on now for the dash to the yisible area. Long insists the message will come at the psychological moment.


  June 25.


  The sun is very low now. Tomorrow it sets. Reed has had to close down the small furnace, as the. shadow of Garner Crater began to touch the new bank of photocells. We will have to move them "tomorrow," that is, next morning.


  The miners will be sadly handicapped when their power tools fail them, with sunset. There is still a brisk demand for photo cells however, as both mine and furnaces consume power at a fearful rate. Certainly, on earth, with its clouding atmosphere such power would be almost impossible to maintain with so small a bank of cells.


  There has been some discussion of the message we are to send, when we reach the visible zone. Garner points out that possibly only parts of the message will get through. He suggests that it be so worded that even fragments of it will be intelligible and hopeful. It is a wise suggestion, I believe.


  June 26.


  It is dark now, outside. Dark and cold. After two years, the transition from day to night is still a startling thing, when in half an hour the rocks, blistering hot but a few minutes before, become so cold that mercury freezes, then carbon dioxide,-and within an hour oxygen freezes to a liquid. The rapidity with which first the mercury, then the alcohol, and finally the pentane thermometers freeze up, leaving only the metal thermometers, is still a phenomenon to wonder at.


  And the heavens, studded so thickly with colored stars, not the great, blurry white things of earth, but infinitely minute pinpoints of red and green and blue and orange! It is glorious, and the light from them is incomparably greater than starlight on Earth.


  Our force of photo-cell makers is augumented. Tolman has joined our staff permanently, and is devoting all his time to extracting the chemicals we need. The stocks we used for operations were running low, and now grkcious step-mother Moon has provided as liberally as her scant bounty permits, with further supplies. Luna is a single, vast chemical laboratory! The richness of the rocks is beyond belief. Probably the enormous volcanic upheavals of the past brought these substances to the light, and the absolute lack of rainfall has prevented their being buried.


  Further argument over message to be sent tonight I believe it is an important point.


  June 27.


  The heaters are working nicely. The temperature stays constant with beautiful precision, the only disturbance , being a slight, endless hissing, to which we are growing accustomed. Rice, in further protection of his beloved batteries, has rigged a metal stove, burning hydrogen. Whisler was heard cursing him horribly, told to refrain as he was damaging the precious atmosphere, and requested to explain. Rice was over enthusiastic, and had a regular oxy-hydrogen blow-torch for a burner. Whisler tried it out cautiously, but not cautiously enough. It burned a hole through his heavy aluminum frying pan so quickly he couldn't get it away in time.


  The stove has been tamed, and works nicely. I agree with Rice that the batteries will be important for light; and for the indispensable electrical work at night, and must be preserved. At least five months more--five nights.


  Even cooking might wholly disintegrate them. Without their power, our airlock could not function, and the cost in lost atmosphere, when we could no longer pump the air back to the Dome, would be heart-rending.


  June 28.


  The work at night is even heavier than before. During the day the machines lifted a heavy load from the men, but now that it is night there are no electric hoists to lift the blocks of gypsum sawed out by electricity, and the men are complaining of weakness. I fear they are indeed underfed. For some time those working in the mines have been fed more heavily than those who work inside, since their work is so much more strenuous.


  Beginning with tomorrow those who are to make the longest dash to the Earth-side of Luna will be fed more heavily, the three making the full trip getting three-quarters full rations.


  June 29.


  No work today. We declared a holiday, not-so-jokingly called Collapse Day! The men spent most of Page 31 the morning dozing. We needed it badly. Extra rations issued to all.


  I am too sleepy and too contented to write more this night.


  June 30.


  Work resumed today.


  Rice has shown himself a genius with tools. He is utterly invaluable now. Today he spent the whole time working on one of the fuel-less tractrucks. This evening to the amazed joy of the miners, it ran down to the minel He has somehow rigged up a valving system so that it works effectively on hydrogen and oxygen, and the exhaust, pure water, is carefully collected and recondensed to liquid. He arrived at the mine to be greeted with rousing cheers. He dragged behind him two sledges, one loaded with two great fuel tanks full of hydrogen and oxygen, and on the other, one of the large motors converted to a generator. In half an hour he had all the electrical mining apparatus going again. It costs us nothing, for the fuel can be reelectrolysed in the daylight period, and burned again that night. Rice is a popular hero, despite the fact that the machines must be run on more or less reduced load. We will need more photo-cells than ever now, but it is an inestimable boon to the miners.


  Moore has joined the laboratory staff. Reed was sent out on an exploring expedition, seeking certain minerals at the directions of the chemists. King is hunting in the other direction. I heard him order nitrates, so I suspect we are going to have explosives again, which gave out long ago.


  July 1.


  The men are glad the hydrogen driven power plant has been built, aiding them so enormously in the hoisting and sawing, even though the saws stop when the hoists start. Rice wanted to fix up the other tractruck, but we need the hydrogen we have for the heating apparatus. The system is working perfectly, keeping us comfortable again, but we cannot spare much hydrogen.


  Output of photo-cells greatly aided by Tolman who showed us how to make the metal much more workable. We are turning out twenty cells a day regularly now, but with the consumption at the mine both day and night now, and the furnaces during the day, we need a lot of power. Power has become our chain to life.


  The message to be sent has been decided upon. It will read: "Relief ship crashed. Oxygen from gypsum by electrolysis assures supply. Food scant. Help." We hope the message will get through successfully.


  July 2.


  Evidently the thief is a heavy eater. Despite the large supply already missing, chocolate has been taken.


  Gypsum pile growing rapidly, while Reed and King are back now. The needed nitrogen has been located, and a bed of carbides Moore wanted, as well. The furnace crew is working on new and bigger furnace, still and electrolysis equipment. The Moon's lack of air and water allowed metallic nitrides and carbides to exist in the rocks as stable compounds. They will be a great help.


  The mine crew and the furnace gang have been going about with contracts, attempting to contract for photocells, as a keen rivalry is developing. Reed swears to destroy the gypsum pile when the sun rises. He will have a good chance as practically all the men will be gone two or four days with us to the visible half. Power is badly needed in both camps.


  Electrolysis apparatus has been built beside the mine, for re-converting the fuel for the motor-generator set.


  July 3.


  Lunar midnight. The members of the dash party are getting larger portions now, and I for one feel new strength coming. I do not tire so quickly now in carrying the loads of silver selenide from our mine. We are using an incredible amount of that substance now. Three new racks of tubes completed, however.


  July 4.


  Another holiday, with extra rations all round. Nevertheless two more tanks of fuel taken out to the mine. That is the last that can be issued them safely, as the hydrogen for heating is getting scarce. And another frame of cells completed today. Moore has been making an unholy stench with his chemicals, and he drew a prodigious amount of electric power yesterday from the batteries.


  July 5.


  The packs for the expedition have been made up, and a definite schedule outlined. I will carry the transformer-converter, Long will carry the photo-cell racks, and Rice the set itself. Portable--but not too portable. In the last dash we will each carry four cylinders as well.


  Moore's stenches were worse than usual today. He refuses to reveal his aims.


  July 6.


  I was surprised today, and seriously sorry, to see Moore secretly swallowing something. I can scarcely believe that he has been our thief, yet the stores were tampered with last night most ingeniously, despite a trip-wire I had strung.


  We will start in four days now.


  July 7.


  I have been watching Moore, and today again he drew a tremendous amount of power to run a small furnace. While it was running he went off and again swallowed something. Tonight he pleaded sick, and did not eat. It attracted some attention, as he did not look sick, and when food is scarce, it is seldom refused. Page 34


  Moore presented the miners with several sticks of an explosive he assured them would work, but must be protected from extreme cold. It has resulted in saving fuel, since the saws are no longer needed so much.


  July 8.


  The photo-cell frames have been set in place today, five new racks of cells. Three were placed at the mine, and two here. The mine will get one more, and the furnaces one, before leaving. Over 2200 horsepower is available at the mine now, twenty-four hours a day during the daylight period. During the sleeping period all this power will be turned into the electrolyzer.


  Without the machines and explosives, I am afraid little mining could be done, as the men are greatly weakened.


  July 9.


  The final selection of the party has been made. Garner, Moore, Whisler, Reed and Bender will turn back after reaching and establishing the first cache, Tolman, Hughey, Kendall, and King will turn back at the second, while Rice, Long and I go on. Only poor Melville will be left behind altogether. We are turning in unusually early, for a long sleep. We start three hours after the sun leaves the horizon. Thermos bottles of hot chocolate have been fixed in the suits of Rice, Long and I. The others must go hungry altogether, though water is the greatest problem.


  July 10.


  We have stopped at the first cache. Garner, Moore, Whisler and Reed and Bender will return. The sun is up, casting long shadows over everything. We have covered a considerable distance I feel sure, so far with no accidents. We had to skirt several craters, and finally descended into this one. Tremendously high walls ring it, but Long showed us a pass. A second, smaller crater within it is the marker of our cache. By turns we have roasted and frozen all day, particularly on the pass, as it was largely shaded, which means cold here. The moon is a vast frozen hell. The crater tips flame in all directions like motionless, frozen tongues of fire, jagged and broken, a hell frozen in an awful cold, the very light frozen in the flames, where the sun touches them. We are ready to start.


  July 11.


  We are nearly exhausted for want of sleep, and from the continuous labor. It will be worse returning, with four days without sleep, and practically without food. Tolman, Hughey, Kendall and King have it even worse, I fear. They have just left us, to make their way back over all the distance we have come, with scarcely the chance of a rest, no food, and little water. They will not have slept for four days when they reach the Dome. Sleep for us in our suits.


  Later. Twelve hours sleep, a quarter of our chocolate, still warm, and now on our way. It is eternally magnificent, never beautiful. It is as magnificent as the Grand Canyon of the Colorado made six thousand miles wide, six thousand long, and ten miles deep, with ten times the color. But it isn't beautiful, it's stern and harsh, and horribly, bleakly dead. It makes me think of a skeleton lying in a cave, its skull crushed, and a stone ax beside it It seems to have died violently. We are oppressively alone here.


  Time to go. Four oxygen tanks, besides the load we have carried, which was little. We are fresh from sleep now, to make the attempt!


  July 12.


  We have camped. The photo-cells are sending their power to the set correctly, and the converter-transformer is working smoothly. We cannot test the set, as our suit-sets won't pick up its wave. It seems to be okay however. Rice is sending the message. New York now.


  The Earth is immense above us, reddish-green in color, turning slowly, majestically as we watch. It looks wonderfully beautiful and familiar to us, and terribly far away.


  Later. Sending again. Chicago now, with all the power we can get. The aurora is small, so there is hope.


  Still sending. No lack of power, apparently. Let us hope some station receives this.


  Long has contributed a surprise. He produced a can of aluminum paint, and has selected a broad, flat spot on the rocks. He is painting a message in symbols ten feet high. Mt, Palomar could easily read it. But there are some 3,142,000 square miles of rock visible to Mt. Palomar.


  He has finished. "O2 from CaSO* send food," he has written. No more paint.


  Denver now below--or above us. Telescopes show cities clearly, even some bigger buildings visible. Tremendous magnification possible, but light gathering power of our little telescopes limits it.


  California now. When it passes we can send only to Hawaii, the Philippines and Japan. Opportunities poor. We think it best to start back.


  Rice has produced another triumph. He had an electric clock device rigged that will keep the set transmitting toward Earth as long as the set operates. It is Sun-powered, of course. There is small motion across the skies, so there is no need to aim it carefully! The set, worked automatically, and powered by the photo-cells will continue to send a code message.


  We are leaving. Rice and Long object, but I have ordered them back. We will be exhausted when we get to the first cache, and tired men make for dead men. There are too many opportunities for falls into chasms.


  July 13.


  Back at the second cache with a spare tank of oxygen.


  We have decided to carry it; though it increases our load it may save us. We can move more slowly, and not force ourselves so heavily. Leaving at once.


  July 14.


  First cache. Exhausted. I wonder that Long ever made it the first time, despite his use of anti-fatigue capsules. Last chocolate gone. Terribly thirsty. Twenty-four hours more. Going on at once.


  Later. More than one hundred miles from 'the Dome, and Rice has had an accident. Fell into chasm. Miscalculated his leap, fell seventy feet, the rope joining us caught, held for a moment, and sawed through on some outcropping quartz crystals. Irony! Two weeks ago he was searching for them, today quartz hurled him another hundred feet and broke his leg. His arm is badly bruised I believe, but his face plate is unbroken. He has an extra oxygen tank, thank God. He is conscious--communicating by radio. Long will stay here, I am going on to the Dome.


  Reached the Dome. Very tired, but ate, and drank a little water, while Moore, still working with his brews, started out to the mine to get the men. I will have to lead them back. They are coming now. Dr. Hughey will go with us, though he can do little till we bring Rice in, and get his suit off.


  Taking ropes, block and tackle, extra oxygen.


  Five hours to get back to Rice. He is still conscious, but weak. His suit is uninjured. Poor Long had gone to sleep. Rice said he had been unable to keep awake. Too tired to stand, and as soon as he sat down he went to sleep. Rice couldn't sleep. The men have reached him, but cannot move him, as he is in pain. Dr. Hughey going down the ropes. He came prepared--brought a tank of CO2 as anesthetic. Hughey reached him, substituted CO2 for oxygen. His fatigue will keep him asleep now oxygen tank has been reattached.


  Long won't wake--just mutters and tries to brush us away. He will have to be carried. I'm afraid I would too if I hadn't been writing. Starting back at last.


  July 15.


  I fell asleep on the way back, and Kendall, King and Reed had to return and hunt for me. Carried .the last ten miles. I've slept nearly twenty hours. Still Sleepy.


  July 16.


  Half the day gone, and routine is at last restored. Rice's leg was not badly broken, and has been set and bound up. He is working at the photo-cells with us again, sitting before a low bench rigged on two chairs. Twenty cells turned out today. Gypsum pile diminishing rapidly. The water made by the heaters last "night" has all been broken down, and the fuel for the motor-generator at the mine has been regenerated. Oxygen tanks showing steady pressure gain.


  We wonder what success our trip had.


  (As the world knows, the trip was successful in the extreme. As the men realized, the work of subscribing to an apparently lost cause, that of rescuing men probably dead already, was going very slowly. So many scientists stated positively that it was impossible to secure air on the moon, that the people would not subscribe. The news-bureaus were broadcasting news continually, of the probable plight of the men, and there was much speculation as to whether the ship had crashed before landing, or when starting back to Earth, or whether it had wandered off into fathomless space with all aboard.


  The message did not get through complete, and even the fates seemed to be against the men, for the automatic transmitter failed after but a few hours operation. It was afterwards discovered (by the Thurston Expedition in 1994) that the intense heat of the sun's rays had melted the sealing compound of the transformers and caused a short circuit. The only parts of the message that did get through read: "Relief------crashed----ox--en------ gyp--m--------electrolysis assures supp----------food sc-- t----help" As even this came only a few letters at a time, despite the fact that almost every amateur and professional operator was tuned to it after the messages started coming, it is understandable that a terrific debate began. It was almost impossible to determine where, in the message, the letters received belonged. Some maintained that the "ox" was part of some such word as "box", while others declared it was the far more important word "oxygen." For nearly a week the discussion -went on as to the placing of the letters. Then finally the claim of James R. Caldwell, an amateur radio operator of Su-casunna, N. /., was printed in the New York Herald-Tribune. He had made phonographic records of the mes-$ages as they came, and by careful timing, transcribed the words as "Relief (ship) crashed. Ox(yg)en--gyp (su)m (by) electrolysis assures supply. Food sc(an)t. Help."


  Immediately scientists who had stoutly maintained that air could not be obtained on Luna, rushed to his defense ,1th explanations of how oxygen could be obtained from gypsum J)y baking and electrolysis, and that that would assure a supply.


  But long before this important point was settled, the rush of subscriptions had begun, because the men had tent a message of some sort, proving them alive. The interpretation of the message, and a very fine imaginative account of the hardships the men must have met to send the message, written by Thomas W. Hardy, of the San Francisco Times, and widely re-printed, sent the subscriptions up rapidly. Within two weeks of the receipt of the message, orders that had already been filed, were being filled, workmen donated their time, Universities their instruments and laboratories. The work, terrific though it was, was being rushed ahead at maximum speed.


  A telescope manufacturing corporation in Chicago sent one of the largest donations, explaining that the tremendous increase in sales made them feel it only right. Everyone was watching the moon.


  Then Mount Palomar, Flagstaff, and Sydney Observatories announced the discovery and confirmation of the sign on the moon almost simultaneously. A photograph taken at Mt. Palomar even showed the tiny, square point of the radio set! The oxygen from gypsum was confirmed. The excitement was world-wide, and the works in the Mojave Desert, California, were besieged. Daily bulletins of progress were published in papers. And, more important, the necessary funds were collected. The amount was passed, by thousands of dollars, before the subscriptions could be stopped. These extra funds permitted the building of the famous detachable tanks, the fuel tanks that were dropped shortly after leaving the Earth's atmosphere, or better, blasted away, leaving a great amount of weight behind.)


  July 17.


  Moore has been thrown out of the Dome. He has retired in disgrace to the privacy of the battery-house. His fumes became terrible, and tonight the men rebelled, particularly as he will not say what he is doing.


  More cells made today, and another bank installed at


  the furnaces. The batteries fully recharged now, and the heater-tanks refilled. At the mine, their tanks are full, and they demand more. Two were shipped down, after


  being cut from the dome. They are being mounted permanently at the mine, and King contributed several hundred gallons of water. Rice is sadly flat on his back, but was finally put in a suit, at his and the miner's insistence, and is directing the work on the second tractruck. Tonight they will have full power, and even search-lights. It is a race against time now. The food supplies are dwindling. Rations are so low now, that it is impossible to cut them while the men work.


  King is running all his furnaces for de-hydrating the gypsum during the work period, and doing very little electrolyzing. During the sleep-period, since the furnaces must be shut down, he turns all the power into several big electrolysis tanks. It means a few hundred pounds of oxygen each lunar day.


  It is surprising the interest we take in these things. Each group inquires at night what progress has been made, and bantering rivalry masks a deep interest and sympathy with the problems arising.


  July 18.


  The sun is sinking now, and the cell-frames have been moved so that no shadows will strike them till the last possible minute. Another frame of cells will be filled tomorrow.


  Under Rice's able direction the second tractruck has been converted to hydrogen operation, and a second generator mounted. Trials showed perfect operation.


  The air in the Dome is better since Moore moved out.


  Further inroads on the supplies. The thief must be storing them; no man could eat so much, it seems to me. Nearly three pounds of chocolate gone.


  But I found in reinventory that I had made a mistake. We have fifteen pounds more dried milk somehow mis-' libeled "soap powder." A very welcome surprise.


  July 19.


  Another cell bank mounted at the furnaces, though the miners claimed they needed it to fill their big tanks. They already have enough fuel to operate both engines all night, since the machines were partially shut down most of the lunar morning.


  Rice blasted Moore this evening, with a torrent of anger. Rice's nicely charged cells had been drawn upon again, and had to be re-connected to the charge line. It seems Moore needs more power than the charge-current allows him. He wants some more carbides, and promises explosive in exchange.


  July 20.


  Rice's batteries charged again, and King reports great progress. The water tanks are completely filled on the North side. The oxygen tanks on that side are three-quarters full, and the oxygen tanks on the South side, which had been emptied, are now half full of hydrogen.


  Rice has given as his expert opinion that if Moore persists in drawing on the batteries at night, they will be so discharged as to endanger our lighting. Without light we should be distinctly unhappy. Several of the men are studying different lines nights now, to "give their minds some stretching" as they say. Their bodies get sufficient, I imagine. The labor in the mine is lightened, but by no means light for men in their condition of semi-starvation.


  July 21.


  Another trip to the silver mine. Also another bank of cells arranged. The furnaces got this, since it is really too late in the day to help the mine any, and their tanks are nearly full anyway.


  Moore turned out a gray powder today. Explosive, he claimed. Finished the process on a rock outside the battery house, after shading and cooling the rock. He carried it to the mine himself. It was super-successful. It pulverized the gypsum for five feet.around, and cracked it for many more. Miners say ii is useless to them as it is uncontrollable.


  July 22.


  Melville has started a new entertainment for the evenings. He is giving a short course in astro-physics. The sun is exceedingly low now, and tomorrow at about five P.M. sets. The stars are visible now, of course, as they are at all times, but tomorrow he will give demonstrations.


  King will follow his course, with a course on mineralogy and geology. Moore on Chemistry. I on Physics.


  Moore turned out another batch of explosives. Commandeered some of Dr. Hughey's gelatine capsules, and filled them. Detonated electrically they worked fairly well, a super-powerful explosive that works here on the airless moon and cracks the gypsum to fragments. Moor-ite he calls it, and we agree. Di-nitro-acetalide and a certain catalyst. The catalyst is his secret, and absolutely necessary.


  He will need a power board himself now, to manufacture the stuff! The Lunar Power Company (unofficial title of our group) is being over-worked. The Lunar Mining Company, Satellite Smelting and Reduction and now the newly organized Interplanetary Explosives all demand more and bigger power boards! Temporarily both Smelting and Mining will have to sacrifice power to the explosives. King claims Mining gets the benefits, and should make the sacrifice.


  July 23.


  No power now. The burners are on, working effectively. Melville gave an excellent lecture tonight, interesting to all.


  The entire smelting crew will join us tomorrow in making cells.


  July 24.


  The two power plants at the mine permit continued work at full force. Fuel will readily last till dawn.


  Moore is working at something else now, he says. Has apparatus to turn out his explosive all set up. Will require 400 horse continuously day and night tomorrow, to make less than one pound of explosive a day!


  Unprecedented number of cells made today, a total of forty-two.


  July 25.


  Fifty-four cells today! At the present rate neither mining nor smelling will lose power to the explosives.


  The thief had given us a rest, but last night stole four pounds of fats, principally lard and hydrogenated cottonseed oil. He apparently has hesitated over my arrangements, but figured out a successful system to elude them.


  Conversation tonight centered about the message sent to Earth. We wonder if it was successful?


  July 26.


  Fifty-five cells, apparently, is the maximum number we can make. A trip to the selenide mine brought in a considerable quantity of material. The men have settled down, and know the work now.


  Moore demanded a supply of carbides and nitrides and also sulphides if possible. He has been reducing sulphur from the gypsum, a difficult and power-consuming process. King knows of a sulphide bed.


  Moore is working on something other than explosives, but refuses to say what. Admits the malodorous compounds he made were not explosives, but goes no further. Considerable curiosity. A mystery, no matter how slight,


  is a matter of comment. The food thief has been privately figured out by everyone here, though no accusations have been made, I am thankful to say.


  July 27.


  Food stock inventory taken today. The result is rather disappointing. Due to the fact that all of the men are working heavily, an absolute minimum ration was one and one-half pounds of food per day per man. If we could lighten the labor somewhat and make machines, deriving their energy from the sun, do it, we would be able to conserve our food. As it is the men are terribly underfed.


  (Although Duncan does not mention it in his diary, the miners and the smelters, during the daylight periods, received twenty-four ounces of food, while the photo-cell workers, with the exception of Melville and Rice, received but 20 ounces.)


  We have enough food to last till October first at the present rations.


  I am working on the possibility of a cableway. I am afraid it is impossible, though most of the men's work now consists in dragging the heavily loaded carts to the Dome. It was suggested that work might be saved if only the oxygen were carried here instead of the heavy calcium sulphate, that is carry on reduction at the mine. It is not practicable, as the heavy tanks needed to convey the oxygen more than offset the gain.


  July 28.


  Moore has been observed by several of the men eating something in a surreptitious manner. They want to accuse him. I am convinced that the thief is storing his stolen food, and Moore, although he does appear to be eating, may merely be chewing something. Bender in particular insists he be accused.


  July 29.


  Fifty-six cells. We will have a great increase of power tomorrow.


  The lights failed this evening, and Rice succeeded in repairing them with Bender's help. One cell had gone completely to pieces, and broken the circuit. The sensations of sitting in the eerie dark, lit only by a slight glow from the hydrogen burners convinced us that we cannot get along without our batteries.


  Moore lectured on chemistry tonight. I was greatly interested, particularly on his talk on the chemistry of digestion. It makes me curious, and if my guess is right, I feel heartily ashamed of my suspicions.


  July 30.


  The lights failed again tonight. Rice says that next night they will not work. The cells are terribly weakened, and he insists that Moore's work during last day did much to hasten their dissolution. He is working on something to replace them. Making an attempt to construct a steam engine! His only materials are oxygen tanks cut off for cylinders, and food cans, braced with metal for pistons. If it works, Rice is a genius. But I admire the man's determination. He has drawn up, with my help, a diagram of a three cylinder wabble-plate engine. It is a known, but little-used type--but the crank problem, hardest of all, Rice says is eliminated.


  July 31.


  Rice working on his engine. Only fifty cells today.


  The lights are yellowish already. I fear that before dawn they will be useless.


  A vial of vitamine concentrate stolen from the food lockers. The man is certainly storing food. Vitamines are being supplied and the concentrate is neither tasty nor filling. The men are distinctly enraged over this systematic thieving.


  Dr. Garner's forty-second birthday, and celebrated with a large issue of alcohol.


  August 1.


  Lights failed twice during the day, and once after the miners returned. The filaments are distinctly orange, and the voltage has dropped from 100 to 85. Rice spent the day on his engine, with interruptions to fix the batteries, and install some sort of a circuit breaker, though Lord knows the current the cells will give is little enough. We have to use suit batteries to test the photo-cells now.


  I lectured tonight on modern conceptions of space and time.


  August 2.


  I understand now why Rice installed the circuit breakers. Somehow a cell blew up, and short circuited the line. Before Rice could repair it, only twenty-one cells were left in working condition. The others had been wholly destroyed. The filaments will scarcely glow at all. Moore made a gas mantle for us, and with three of these over hydrogen flames, we get some little illumination. Only twenty-two photo-cells today.


  August 3.


  The Dome is very weakly lighted, and practically no work can be accomplished. But twelve cells today, and the men went to work at the mines. I am helping Rice with his engine. My admiration for the man grows! It may work. I only hope so! It was most depressing tonight, in the faint light, the eternal night outside, and that terrible, frozen hell of jagged, black rock under unwinking stars that seem somehow more remote and unfriendly, than Earth's.


  The thief took advantage of the darkness. My new burglar trap was avoided with amazing skill, and ten pounds of protein-flour taken, but five had to be left behind, to avoid the trap. It did some good anyhow.


  August 4.


  Dark, flickering shadows. We cannot use more mantles, as they require the oxygen of six men, give little light, and the water is recovered in only a very small proportion.


  No photo-cells today. I sat up and watched the storerooms for three hours, but could not remain awake longer. No food was taken.


  August 5.


  The suit batteries are giving out now. The men complain their batteries will not stay charged. They are being used in relays, charged from the generator for half a day, used the other half. Eventually we will be forced to stop work at night.


  No lectures. It is too unpleasant sitting in the dark after all day in the dark. It is amazing the effect light has on us.


  August 6.


  Sunlight! The cells are all set up, the various machines humming, and power flowing in. The furnaces are going full force. The sun is life itself to us!


  Rice's engine is progressing. I am becoming more and more hopeful, and the men also, though they still kid Rice about it. It is a sorry looking piece of apparatus, with tin cans and oxygen tanks, pipes for valve cylinders, and welded cables stiffened into a solid framework for support,


  Twenty-three cells made today. Moore is at work on his explosives and has the process almost entirely automatic. King brought nearly three hundred pounds of sulphide ore for him.


  August 7.


  I have set a trap that will work eventually. We can wait now for our food thief, inasmuch as he is storing it! I hope he returns!


  Moore's explosive in action. It has doubled the mine production, and King and Reed are hard put to even keep up. They have enlisted Bender to aid them and their crew of two, Tolman and Whisler, to aid in constructing a new furnace. They demand power.


  August 8.


  New furnace completed, and power in demand. I have advised storing water, and electrolyzing none till power equipment is made. Moore's explosive wonderfully efficient. We cannot realize its power here. I believe it will astound Earth. A tiny capsule breaks the rock so finely that little or no crushing need be done for the furnaces.


  The thief has returned. He has stolen my bait. We need only wait, and let nature take her well-known course.


  The men have openly accused Moore, Bender making the accusation as spokesman. But four men backed him, however. Moore smiled at the accusation, and refused to explain his eating beyond saying he was chewing some chemicals. I believe him right, and my guess becomes an hypothesis.


  August 9.


  Engine being assembled. It is a weird thing! I wonder if it will work for more than a turn or two, despite the marvelous skill Rice has shown in working with it. He welded a piston ring about each can, after building up the inside with silver plating. The inside of the oxygen tanks were similarly treated.


  Another bank of photo-cells built, and set up. Our clockwork that keeps the cells facing the sun is overloaded. Rice to the rescue--with an electric torque amplifier. I believe that Rice is an assumed name. The man must certainly be an inventor of note, else necessity is a mother like unto a termite queen, laying her egg each second.


  August 10.


  Moore deathly sick tonight. He barely succeeded in attracting our attention. Dr. Hughey gave him an emetic, and he seems better. My bait contained an emetic. Now was Moore the thief, and was he made sick by that? I doubt it. My hypothesis advanced to a theory, though hope does not rise.


  Explosive making entirely automatic, and Moore works practically all day on his experiments. But one-half pound of explosive used each day. There will be a generous supply tonight, for one pound a day turned out. It is amazing what man can do in the face of such an environment. Engine largely assembled. Tests tomorrow.


  August 11.


  The critics were dumbfounded today. I include myself. Rice's engine was the event of the evening. It is really an internal combustion engine of a sort, as the hydrogen flame which runs it burns in the water of the boiler. It is 100% efficient thus far, and the real test came when the pressure mounted. We all expected a terrible creaking and groaning and hissing of escaping steam. It ran with the smoothness of a sixteen-cylinder automobile, with scarcely a quiver, and without more than a faint hiss of valving steam. It develops nearly twenty horsepower.


  Another cell bank installed, for the furnaces. The mines demand more power, and get the next. Moore now has sufficient power.


  August 12.


  Engine placed, and set up complete with dynamo, a converted motor, in the battery house. The batteries will still be used, with some alterations and repairs, to level out line surges, Rice says, as they might well be serious. Also, in case of temporary breakdowns, exceedingly convenient.


  Miners maintain they haven't sufficient power stored to last the night. Reed claims they don't need as much, with Moore's explosive. The explosive is being delivered now in cartridges of lead. It can be pounded, burned, will not explode; will explode when wet, if the proper stimulus is given. Wonderful stuff.


  However, more power for miners tomorrow.


  August 13.


  The thief returned, and Moore was subject to another attack, particularly as he has been eating little at the tables recently, saying he is sick, and yet is not losing strength. I am still waiting for the proof I need. I feel convinced Moore is not our thief.


  Power board installed at the mine. New cell bank also, amid rejoicing. Some power is now always going into electrolyzers. A new electrolyzer was needed as well, which Rice made. His generator set is complete, and on a ten hour test today, worked perfectly.


  Another load of silver brought in, three sledges of it. Should last all night. Our photo-cell market is approaching saturation, however. Mine needs no more power, Moore has enough, he says, but may want more later. This interests me.


  Only the furnaces still demand more. The miners, with explosives and machines, are getting well ahead of them.


  August 14.


  Miners again Complained of suit batteries. Rice has been working on them today, repairing them for the work tonight. They are the Renolds-Wirth type of dry storage battery, most suitable for work where they may be turned upside down. Tremendous hydraulic pressure needed to make them, which Rice cannot supply, and therefore they cannot be duplicated. Night work may have to be stopped. This would be exceedingly serious.


  Oxygen supplies on hand for three months now, water for five (convertible to oxygen, of course) and the oxy-hydrogen supplies for heating and running Rice's engine.


  Moore asks for very large supplies of carbides and nitrides. Also suggests continued building of photo-cells as "power may be needed later for new processes." I become hopeful.


  August 15.


  Miners ending open cut work, and constructing a tunnel. Plentiful supplies of cement on hand now. They want to make an airtight tunnel that can be heated at night, avoiding use of defective batteries. Walls of tunnel could be completely coated with cement, and an atmosphere of pure oxygen at three pounds pressure used. Leakage would be small, work faster because of removal of hampering suits. Water needed for making cement, however. Open discussion, all miners in favor, suggest a small furnace and recovery plant at opening of mine, to supply this water, and save double haulage.


  Batteries for suits in hopeless condition, Rice agrees, and votes favorably. I am for it. Garner against, as he says danger of an explosion opening a rift into space, and letting atmosphere escape is too great. Miners promise locks and bulkheads. More argument tomorrow night. It means new demand for power. Miners will have to stop work tonight, due to bad batteries.


  August 16.


  Tunneling plan accepted at last. Preparations under way now, with Reed and King working at new furnace and still. Demand for at least 1000 horsepower. Fortunate that we have plenty of metal from the ship!


  Sunset in three days. I made two trips to the silver mine, and returned almost exhausted. Pains and swelling in my limbs. Dr. Hughey diagnosed it as over-exertion and underfeeding. I doubt it, myself, as all of the men are under those conditions continually, particularly the miners.


  August 17.


  Furnaces completed at the mine, and cementing begun. Very difficult work under space conditions, but finally a close-grained cement was achieved, and a doorway fashioned. The space-door escape for the ship has been installed at the mouth of the tunnel. Air purifying apparatus is being made by the two mechanics and the two chemists. Other work partially halted. The entire apparatus will be made of silver and fused quartz, as these materials are most easily obtained. It seems peculiar that the vast iron beds we discovered are worthless because of silver beds nearer, which can be worked more readily. Silver is cheaper than iron!


  Three men made the trip with me to the silver mine, and we brought back nearly six tons of "jewelry ore." But fifteen photo-cells made today.


  August 18.


  After a series of experiments, Dr. Garner, whose experience with rocket explosives has taught him much, has made a table of strengths for Moore's new explosive under space and air conditions. Exploded in space, it is of course, soundless. In air it's explosion is so infinitely sharp and sudden, that the effect is peculiar, but one explosion wave reaching the ear, and the echoes producing all other sound, the result being a dull rumble that continues for some time in the dome.


  Door set at the mine, electrolysis apparatus and air cleaner arranged, and the first tunnel section charged with air. A heater was also installed, and for the first time the men took off their suits outside the Dome. Air loss trivial, and working conditions highly satisfactory. The tunnel was at once lined with concrete, and a lock built, and pumps installed. Three pounds pressure of oxygen feels just as the Dome atmosphere of fifteen pounds of mixed oxygen and nitrogen, once one is accustomed to it.


  August 19.


  Work resumed on routine now, production at the mine slightly increased. Miners feel much better at night, say the work far easier, since their limbs are not hampered by the suits.


  Demanding power for daylight work. They will run on the tanks tonight. They will be handicapped, since one of their oxygen and one hydrogen tank must be used for heating and breathing. "Less power tonight, but the explosive will help.


  August 20.


  Night again. This barren world is most awesome at sunrise and sunset. The great globe of the sun is harsh blue, and takes an hour to sink through it's own diameter, behind the near horizon. Meanwhile the indescribably jagged, rugged country, with it's million craters, and it's billion spires of rock, is set off like a world made of burning candles. Each spire-peak is blazing in the sunlight, each base is black with the night of space. And frozen, unwinking stars illuminate them dimly.


  Heaters on now. Miners report the mine comfortable still. They are aiming downward, hoping to reach a level of stable temperatures in the rocks, where night and day do not effect it.


  The furnaces are deserted, and their forces have joined the photo-cell makers. Thirty-seven cells today.


  August 21.


  Sixty cells today. Miners overjoyed with new conditions, and report rapid progress. A new bulkhead has been erected. A cableway has been installed in the mine, hauling the loaded trucks back and forth, from the working level, to the lock, out to the roadway. The bulkhead doors are plates taken from the ship. There are but five left now.


  Moore extremely, but not dangerously ill. His stomach was terribly upset, and he vomited for several hours intermittently. I feel sure I know what he is doing, and the man is a hero. Unfortunately the moon supplies no guinea Pigs-


  August 22.


  Sixty new cells. At this rate we will readily supply the mine.


  The miners are beginning to feel the pinch of the lessened power. It has been decided to take down two of the big tanks from the Dome, and give them the needed power. The men are certainly doing their utmost for the group.


  Rice's engine and generator are working perfectly. It requires some ten minutes to start it in the morning, but in the meantime the batteries can carry the load. One light burns all night, instead of the former eight. I am expecting the thief.


  August 23.


  Expectations fulfilled. He stole four pounds of dried egg.


  Another sixty cells. The miners, and everyone else, took the tanks down to the mine today, and both engines are running. The place is well lighted, and the smooth, concrete walls, gentle incline, and mild temperature makes one homesick. It seems so entirely mundane, so like the entrance to a moving walk, that it is almost impossible to realize it is the Moon we are under instead of Earth. The gravity to us seems normal.


  The new mine seems so deserving of a name we have decided to call it Times Square, as Kendall insists the passage exactly resembles that at Times Square.


  August 24.


  Page 55 Times Square's main corridor has-been branched, and while one tube slopes sharply down, and to the right, the other bends left, and continues level. Thus the party is separated into two groups, and a single calamity will not be so apt to kill all. It is safer. A bulkhead was installed in each corridor immediately after the separation.


  Sixty more cells. And Moore came in tonight slightly drunk, and with a breath that almost caused us to put him out. But it didn't smell of alcohol. It smelled like nothing so much as chocolate! Moore does not talk, when drunk it seems. He only repeated, "Jush one li'l glassh." If he's right, and I suspect he is, from the look of wonder on his face as he says it, it's potent I wish he would talk.


  August 25.


  Moore presented the camp with a 500 c.c. breaker of a nauseous looking liquid that smelled like chocolate, with something else. He measured out ten c.c. to each of us, and explained it was a concoction that he had stumbled on, and that this was the cause of yesterday's downfall. It tasted horrible, but did not burn the throat. In thirty seconds I felt ready to carry the Dome over to the mine and save the Miners' work. Apparently the others did also.


  I hope Moore discovers a less wonderful but more practical decoction.


  Sixty cells again today. We are all practiced now. Rice's engine working smoothly, and the light makes us much happier. It is very slightly subject to fluctuations, but quite steady.


  August 26.


  King and Reed have a new job on hand. They are making an apparatus for constructing bulkhead doors. A regular smelting furnace will be used, and silver metal cast in the needed form. Oxygen consumed in some quantity, but that must be borne, as the bulkheads are needed. Four more, at least. After that, bulkhead doors will be moved from points no longer endangered, to the working zone.


  Sixty-two cells. Half the power banks will be installed at the mine, and half at the furnaces. No smelting Page 56 can be done before daylight, of course. The selenic acid formed when the silver is reduced is being used in the electrolysis vats as an electrolyte. We use everything now.


  To Whisler's delight, he is permitted to use the electric stove again, which is much more readily controlled, and with which he has worked now for more than two years. Rice's engine gives plenty of power. For our purposes the apparatus is 100% efficient. What energy is not converted to electricity becomes heat, and we use the heaters that much less. s


  August 27.


  Sixty-one cells. Rice, Bender and the miners are working to move the mine generator plants, the tracktruck engines and dynamos, into the mine. It will conserve fuel. Ttis was my suggestion, after considering that last statement of last night. Heretofore they have been outside, and heat was lost as radiation.


  Gypsum is being brought out at a far greater rate than ever before, for the lighting is less given to black, dangerous shadows and brilliant spots. The explosive too, is more effective in air, and gives off no noxious fumes.


  August 28.


  Moore has made a request for Platinum! Poor old Luna is stumped, I fear. She has been unfailingly generous with her scanty wealth, so far, but platinum is so heavy that she is not likely to possess any. King and Reed will be sent out on exploration.


  They were gone all day, with the result that we made only fifty-four cells.


  Whisler's birthday, and Moore turned up tonight with a modification of his famous J.O.L.G. (Just One Li'1 Glass). It was smoky rose colored, with an odor of chocolate, and a strong lemon flavour. It was as stimulating as ever. Moore forbade all alcohol as they would react. Whisler appreciated the honor done him, and received fifteen c.c. of the liquid. Later he must have felt fifteen c.c. too little (it looks so tiny) and had a glass. I had to cook tonight.


  August 29.


  Rice's engine shut off for half an hour tonight for an examination for wear. The batteries could not carry the lighting load for even that time, and only one dim light over the engine remained. The machine showed no wear whatsoever, and continued to function smoothly when restarted.


  Our clothes, of which we could not bring an excess, are beginning to wear out. Unfortunately, as I am bigger than any of the other men, I have not been able to get any substitutes.


  Garner has a few things that poor Morrison never got a chance to wear out. No serious problem, however, as we scarcely need clothes, save space suits, and those are equipped with plenty of patching and repairing materials. The miners show most wear.


  No platinum reported. Only fifty-five cells.


  August 30.


  I paid a visit to the mine today. I honestly envy the miners. The tunnels are smoothly walled with fine-grained concrete, and now Moore is turning out a rubber-like paint which makes them absolutely air-tight. They are faintly grey-white, and brightly lighted by lights strung along the roof. Little cars, rolling on small wheels, and pulled by cables, run up and down the corridors, dragged by the cable-way. The bulkhead doors work efficiently, and easily. The end of the working, the jagged, grey gypsum, alone leaks air slightly, but only slightly, as it is fairly solid rock. Tiny capsules are used now that merely break off some fifty pounds at a time. They are not dangerous, and the work proceeds rapidly.


  One corridor, as I said, slants down, to the right. The angle is rather steep, and lines in the cement permits easy traction. The other group, working in the left tunnel, have widened their tunnel to a large room, and are putting in concrete pillars. In here the two generators have been installed, and the main powerboard. Several slabs of gypsum have been sawed out to form benches and even chairs, surprisingly comfortable, rounded out by careful sawing. Rice constructed a smaH stove for them, and they have been getting coffee, and serving hot coffee occasionally. The men are in much better spirits since they went underground.


  Little or no heat is required from the burners nOw in this section, as the engines supply plenty. The condensers act as mufflers, and there is practically no noise, save a steady hum. The engines have been wiped and polished till they shine, and the rough parts painted. The fuel gas and oxygen tanks have been left above, as they could not be brought through the tunnel, but holes were drilled directly through the rock, to the tanks, and pipes lead down. The electrolyzer for the mines is also down here. I was much interested, and greatly intrigued. Some of the men want to carve the walls, while they are at it. Moore has offered colored paints, instead.


  The room is almost finished, rectangular in shape, and but one corner remains to be completed. When this is done, both gangs will again work on the same tunnel, driving downward. The gypsum mass is immense.


  August 31.


  Fifty-two cells today, and King finally found a platinum supply. But it is hard to get, a few small nuggets of platinum, osmium, iridium and paladium combined. He brought back about six pounds (earth pounds) of the nuggets, and Moore will have to separate it. The task is 'terrific, as the metals are almost absolutely insoluble. Moore and Tolman are both working on it.


  September 1.


  Sunlight in two days. Reed says he'll need it, as the gypsum pile ingrowing apace. Demands two thirds of the power units, on the basis that the miners work twice as long as he can. The miners have a contract from us, however, which they insisted on earlier, and I realize, as does


  Reed, that their claims are just.


  Sixty-three cells today. Moore working on separation. He has all the acids he needs, fortunately, but the task is not easy. I wonder what he wants the platinum catalyzer for. I noticed that his wedding ring was missing, some days ago. That was platinum. He must consider it important.


  September 2.


  Our thief was at work again, and got away with a supply of coffee extract.


  Sixty-one cells. Sunlight tomorrow, so the morning, before sunrise, will be spent in placing them in banks. Moore has asked for two banks, from the miners. Though the miners need the power he has been given them for his excellent service in their behalf.


  September 3.


  Daylight. Both mines and furnaces opened with a roar today. The exhausted fuel tanks at the mines are filling rapidly, and our fuel tanks here are filling. The engine gets a rest, and Rice is going over it carefully. There is a vast supply of gypsum on hand, but a new furnace has been constructed, and the pile is diminishing rapidly.


  But--so is the food. We have enough for only two weeks more at the present level, but the rations are being cut, beginning today. We all feel the familiar burning in our stomachs tonight. But one pound of food per man today.


  September 4.


  Power flowing in rapidly now. Men complaining about making more cells, as they say we will no longer have use for greater power. I could only reply that more power meant less work. Moore has privately asked me to supply power in quantity soon. Asked today for more mineral supplies.


  Visited the mine during daylight. Cool and comfortable, particularly in the lower levels. Even the upper, lounging room is cool enough, since it is nearly two hundred feet under the surface, and the surface is largely pumice stone. A steady breeze is maintained from the lower levels.


  Upper room complete now, and lower tunnel nearly five hundred feet below the surface of the cliff, three hundred beneath upper room. It has been driven rapidly, and rather narrow. It descends quite sharply. Today a new branch was started, going toward the heart of the cliff, on a level. A small platform-room, with level floor, was made, and the tunnel turns off, while the main tunnel continues straight. Bulkhead doors rather far between.


  September 5.


  Miners in particular complain of growing weakness, and pain in limbs.


  I am working in the mine for a while now, while Ken-dall takes a rest. It is very heavy labor, particularly moving the stubborn carts back to the Dome. The road is smooth now, but not too level. Fortunately the mine is on a higher level than the Dome, and the downhill track is loaded, the uphill pull, empty.


  The lower branching tunnel is being driven straight in. Long, who has been a civil and mining engineer among other things, is in command of the mining groups. He wanted me to take charge when I came, but he knows the plans, and finally agreed to continue. He explained that he hopes to make a large room so far down here that night and day will make no difference. That heating will be unnecessary. Then he plans to move the engines once more, and bring them down here. He even suggests moving the camp here. But not too hopefully, for the great load of oxygen tanks, water tanks, and other apparatus is beyond our strength. My limbs are very sore tonight.


  September 6.


  My theory was right! At last Moore has talked. He presented Whisler with a 500 c.c. beaker of a peculiar smelling liquid, rather thick, and tarry in appearance, and told him to put it, with one can of peas or some similar vegetable, into a pan with sufficient water to make soup for all, and season it heavily. Whisler did as ordered. The odor was rather awful, the taste nothing to boast of. But within ten minutes of eating we seemed to feel new strength coming back. Moore explained that the stuff was a synthetic protein and fat mixture, exceedingly nutritious, mixed with some of the stimulant stuff he compounded before by accident. However, it requires tremendous power to make the stuff, and needs cells. He will be unable to make any at night, for we cannot, supply enough power then.


  He is working on flavor now. Admittedly the flavor is very bad. It has no vitamin content, and our vitamin concentrate is almost exhausted.


  He requires enormous power, since he must use acetylene as the base of his synthesis. This he makes from his natural carbides, but there are a number of complex reactions, all taking power, after that. To Page 61 get sufficient to make his product for thirteen men, two meals a day, will require far more power than we can readily supply at once, and we have an immediate need for the food. Fortunately we can reduce on the production of water and oxygen temporarily, and turn Reed's power over to Moore and Tolman.


  September 7.


  Again today the food supply was generously helped out


  by a portion of the sticky, tarry liquid Moore is producing. We are all helping Moore set up the complicated apparatus he needs--and also mining our food supplies! Food and air from the rocks! Man has conquered this frozen hell, and is living off the most inhospitable territory ever touched. I believe that with men like these we could have wrested a living from cold, frozen Pluto itself!


  Already we feel new strength. The almost pre-digested protein material that Moore made up flows into the blood stream almost as quickly as water, and the small portion of stimulant added raised our spirits.


  The flavor is still vile. Whisler is cloaking it as best he can with tremendous quantities of clove, onion-flavor extract, pepper and celery-seed. But we who have so recently felt our limbs bloating and aching horribly from over-exertion and under-eating can forgive the flavor as we feel the new strength!


  The mine is at present almost deserted, everyone helping Moore and Tolman. Enormous retorts of fused quartz must be made, and the Dome is stiflingly hot now, for the sun is beating down on it and enormous oxy-hydrogen flames are needed to fuse the refractory quartz. It is fortunate we have so huge a reserve of hydrogen!


  September 8.


  Last of Moore's already-prepared supply of food-stuff gone, but the new apparatus has begun functioning, and by the day aftej tomorrow a plentiful, steady supply will be coming in. Moore has three distinct chains of apparatus: one synthesizes carbohydrates, simple sugars, the second modifies part of this product to proteins, and the third makes fats.


  Photo-cells in even greater demand than before now, and as the construction work has been finished, the men will start work on new cells for the furnaces.


  I have not stated that the food-making apparatus-- since the tiny battery-house was too small, and the Dome already crowded--has been set up in the great lounging room, as Long calls his upper cavern. It will be moved later to a deeper level.


  September 9.


  Work on photo-cells today, both the furnace crew and our regular crew, and we turned out sixty-nine cells! We are all feeling more cheerful, I believe. The great racks of photo-cells that have stood just beyond the dome, are stripped to a bare few that are used mainly for cooking, and a little electrolyzing. Moore needed nearly all. They have been carried down, and are now set up near the mine.


  Moore brought up some carbohydrate material, already made. Glucose. We had sweetened coffee again, and the glucose was clear, clean, and crystalline. It had no flavor save sweetness. Protein and fat processes are slower; they will be ready tomorrow, however. Our natural food supplies are down to a few pounds of flour, a little bacon, a keg of cottonseed oil, and six tubes of vitamin concentrate. One small can of dried egg, half used, and a third of a can of dried milk also left.


  September 10.


  Soup tonight, rich, and highly spiced. Whisler found a can of sage, and that stuff would drown any flavor. This food is certainly highly nourishing. We are all gaining weight again, with astounding rapidity. Dr. Hughey says that is because of the extreme digestibility of the foods.


  Moore has made an astounding proposal. He wants all our old, worn-out clothes! He says he will make them into bread. As they are nearly all cotton or linen, cellulose products, starch will be easy. That is an original use for old clothes. I have heard of men who were forced to eat their clothes, shoes, sleeping bags etc., but not in the form of breadl


  Seventy cells today, and a new power bank.


  September 11.


  The food-liquid has been vastly improved. It is a milky fluid now, and almost odorless and tasteless, only a slight acrid taste, something like lemon. The first of our old clothes are back, in the form of a starch that made the soup thicker, and less watery looking. Whisler produced a "vegetable" dye, and colored it red. The menu announced it as puree of tomatol It didn't taste like it, but it was good, we all agreed.


  Plenty to eat again, and we all feel better. The knowledge that we have an inexhaustible supply of food, water and air is tremendously heartening. If it takes a year to build the relief ship, we will be comfortable.


  Seventy-one cells today, and another completed power-bank. The fuel for the light-engine completely hydro-lyzed, and the mining engine fuel prepared.


  Moore reports that he will have enough food to carry us over the night.


  THE FIGHT FOR FOOD


  September 12.


  Another completed bank of cells today, and all the oxygen apparatus operating now. The gypsum pile is getting ahead of the furnace crew. The miners have driven their tunnel in, and are now carving out the great lower chamber. It will be thirty feet high, or I should say, low, since they are cutting downward. It is to be one hundred feet long, and sixty feet wide. A second tunnel is being driven that will meet the floor level of the completed room. A larger reducing furnace has been set up at the mine, to supply them with the oxygen they need to maintain pressure in the constantly enlarging tunnel system. Several empty tanks from the Dome are to be moved up there soon.


  I am beginning to wonder if Long is not insidiously getting his way! The food plant, the mining, the reduction apparatus, tanks--in the end everything may be moved there, and with no loss, either. The Page 64 temperature in the lower rocks is constant, and about equal to that of Earth. The tremendous influx of heat during the day is about equaled by the efflux at night, and through the many layers of rock becomes equalized.


  September 13.


  I am drawing entirely from one oxygen tank, and pouring the incoming gas into another partly filled. Long wants another tank, and it has been decided finally that


  we will move to the mine! The empty tanks are heavy, but our strength is almost completely returned now, and with winches we can handle them. They are being placed in a pumice-stone house built in the shade of the cliff. Motors, valves, many other things are being moved. A general exodus is in progress. The new photo-cells are being installed above the mine, and Reed has built four new furnaces for reduction of gypsum.


  The great room has not been finished as yet, but thanks to the removal of the necessity for carting the material outside, much faster work is being done.


  September 14.


  Another bank of cells, and today the great room was roughly hewn out altogether. The saws are at work, and the concrete pillars, reinforced with silver bars made from our mine, are being put up. The entire surface is to be smoothed over with concrete. Power in plenty now, since no more heating is needed. Rice's engine has been moved up here, ready to be put in place. A second, smaller room will be hollowed out to hold all the engines. Since the mining must be done anyway, a third room will be prepared for the chemical synthesis room.


  September 15.


  Last needed batch of photo-cells prepared, and a final bank installed at the mine. The batteries have been left at the Dome, and we are still sleeping there. By night we will move in. Everyone working at the Castle, as we now call it. The room has been cemented, and painted with two heavy coats of Moore's rubbery paint. Lights are in place, and bunks of concrete set up, waiting mattresses and blankets from the Dome.


  A small alcove to one side, with the electric stove, is the kitchen. Greater room and comfort very welcome to us. We are all working hard, and tremendously interested.


  Melville is now working in the Commissary department, since the photo-cells are no longer being manufactured.


  September 16.


  The batteries moved today, and all sleeping equipment. The Castle is our home from now on. The old Dome is a deserted ruin. The last air tanks and water tanks have been moved, the water tanks being set "up in a special, hollowed cavern near the surface, with thermo-static devices to keep them at a temperature at or near 35deg. F.


  I have already gained thirteen pounds! All the other men have gained similarly. And there is plenty of food for tonight. Moore has laid by quite a stock.


  The Castle is complete. A regular elevator service to the opening has been established, and one of the carts will draw us up any time, though, save for the furnace crew, few of us need go.


  Messages have been left at the Dome telling where we are, and how to enter, if the relief ship comes when we are all down under. At night, I suspect, we will scarcely leave the Castle.


  September 17.


  Night now--but how different! There is no temperature change. Rice's engine is supplying all the light and power we need now, while tomorrow the big engine will again be started, and the new engine and power room down here will be fixed. The descending passage will be widened, and the big engines brought down. We have plenty of piping to carry the fuel leads down here. Though the engine room will be nearly seventy-five feet higher than we, the power room itself will be right next to us. The entire Castle is well lighted, and the joy of being able to walk about for hundreds of feet without a space suit is absolutely indescribable. Like describing harmony to a deaf mute.


  Kendall, who is something of an artist, has by means of the movie machine, projected a scene taken on the surface, and with colored paints Moore gave him, he is painting it on our wall. It is beginning to shape up excellently. He proposes to do several. It does improve the blank, grayish-white walls.


  September 18.


  The temperature has not fallen by more than one tenth of one degree; our ordinary thermometers do not register it. It is perfectly comfortable here, with no heating. The work on the power room today required the use of the big engines, and it has been made warm up there too, and the engine room itself is quite warm.


  The new engine room has been almost half completed, as almost everyone was helping in some way, Rice controlling the engine, his leg almost completely healed, Bender working the cable-way for us, and the others blasting, or loading, or installing piping or electric leads.


  Rice's small steam engine runs all the time, and runs perfectly. It supplies light and cooking heat.


  Rice, by the way, has installed a shower bath in a small alcove he demanded for an unrevealed purpose when the Castle was being dug out. The water is collected, filtered through crushed gypsum, and run through the electro-lyzer. We bathe in it, then breathe it! But it makes us feel free to use all we wish, since none is lost. After the dusty work, it feels very good.


  Moore has been adding various things to his food-syrup. It has acquired a flavor today. Like his chocolate-smelling stimulant, but it tastes of chocolate, with some vanilla. Not at all unpleasant. He has also added calcium-and-iron containing compounds, and one with some io-


  dine. Magnesium also. And every day we are growing stronger, and eating more of our old clothes as a fairly tasty bread. These will give out soon.


  September 19.


  The new engine room complete, with just sufficient room to contain all three engines, and leave room to walk. A small tank has been used as a pressure-reducing valve, and the smoothness of the engines aided. Hitherto the high-pressure gases were admitted to the cylinder, allowed to work the machine half a stroke on their compression, then exploded. The engines ran rather unevenly, with considerable wear. Now the gases are expanded and released to fire at once. The efficiency is actually greater, and the wear reduced.


  Rice's engine and one of the big engines have already been placed. The other engine is still above. The power room is being cut out.


  September 20.


  Power room finished today, and the switchboard moved. Lights failed for a period of some five minutes, till the new connections could be made, and our Castle became a thing of gloom and shadows. It became a tunnel in die ground, instead of a home. The absence of light would be worse here than in the Dome.


  But the lights were soon on, and Rice's engine functioning again. The switchboard was re-connected, and the lower engine in the new engine room started. This evening everything has been moved down, all the batteries placed in the power-control room, and the second big engine in place.


  Regular mining will start again tomorrow.


  September 21.


  The tunnel is being driven downward further, partly out of curiosity as to temperature conditions. With our new feeling of security of food, water and air, our scientific spirit of investigation is returning. The rocks are being watched for possible fossil or bacteriological signs. Only very slight appearances of possible water action noted. We suspect that Luna lost all her atmosphere and all her water long before the present crust was stabilized. With no stripping action of flowing water, and no upheavals, on a perfectly isostatically balanced land, there is little chance for geological exploration, save by tunneling.


  Moore is asking for further platinum supplies for catalysts, as he is making his apparatus 100% automatic. He is working on other elements now. We will need phosphorus and potassium, sodium, other elements than the carbon, hydrogen, oxygen sulphur and nitrogen of his simple food-syrups. He is still working hard at making vitamin concentrates. Hughey is helping him now.


  September 22.


  A large pile of gypsum has accumulated outside the entrance, beside the furnaces. A mechanical-electrical device has been rigged now to dump the trucks, so that no one need leave the Castle. We are amazingly comfortable here. Slight cooling felt now, but the heat of the engines working all day dissipates it. The bulkhead doors to the upper lounge and corridors have been shut, and the lights turned off, as it is cold up there now. We can, if need be, heat it, of course.


  We have burned no fuel whatsoever for heating tonight.


  Reed, King, and I made a trip to the phosphate field King found last year, and brought in a load of the material. We are going to make a trip to the platinum field tomorrow, also to the Dome on the way back, and bring in a load of quartz. Kendall is leading some men to the silver field.


  September 23.


  Four pounds of mixed platinum-iridium-osmium brought in. A fortune on earth, and we shall certainly have to collect these materials when the relief ship comes. Half a ton of silver ore, and several hundred pounds of iron ore. We need new picks for mining. Unfortunately Wilcott was our metalurgist, and King and Tolman will have to do their best to take his place. Tolman advises separating the iron electrolytically, and getting it pure, making the alloys up by percent in that way. We have no chromium and can't make any good rustless steel, but an ordinary carbon-steel will do. We may try alloying some silver for toughness.


  Moore gathered up several reams of old paper, some old books we no longer need, and from the Dome some wooden furnishings. Promises other foods. Hughey says we may be afflicted with serious bowel Page 69 trouble since our synthetic foods contain no bulk whatsoever. One hundred percent digestible.


  September 24.


  More mining. It was quite cool last evening, and during the night, since the engines hadn't been running all day, while we were mineral hunting. Better today.


  Moore wants a larger laboratory, or another one, really, and a separate power board. Rice is aiding him in making his apparatus purely automatic. It is constructed of gleaming silver and quartz; some tubes, handling particularly violent acids or bases, he has made of the osmiridium alloy. Now he need only put his acetylene in one end, and get sugar automatically.


  We are making him a larger room across the way from the main living room, with a considerable tunnel leading into it, so temperature in his room can be controlled separately.


  September 25.


  Kendall has been at work all along on our walls and has some really excellent scenes done. The room looks amazingly home-like. The rugged lunar peaks, with men in space suits in the foreground, a rising sun tinting the craters, and the dome off to one side. It is very beautiful to see, when in our well-warmed, well-aired Castle.


  He suggests that we use this as the Hall, and have individual rooms below. It is rather wearing on us, to have to turn out the lights and be quiet when the others want it. It removes individual freedom, and has caused some friction. Since we must mine anyway, I think it an excellent idea.


  September 26.


  Finished Moore's new laboratory in record time. Every one mining, and the machines working splendidly. We have the explosive under such excellent control now that we no longer need do any mechanical crushing of the rock.


  But one man needed now at the Locks, and one at the engines. With plenty of food, and an occasional dash of Moore's stimulant, marvelously effective, yet evidently entirely harmless, and entirely non-habit-forming, we are all well. To people who have not felt the hunger and weakness we did, that means little.


  September 27.


  Moore's separate room being prepared first, in honor of his magnificent work for the group. Roughly hollowed today. Finished by tomorrow noon.


  Sunrise in three days, and we will scarcely know it.


  September 28.


  Moore's room finished, equipped with bookshelves, bunk, a stone desk, and cabinet or locker, with a blanket for curtain. Kendall is enjoying himself putting pictures on the walls. The room is at the greatest depth we have reached, nearly seven hundred feet, and it is fairly warm even now, but an electric heater, for mild warming, and a powerful gas heater have been installed. Rice has been busy all day making silver tubing for the gases, and silver wire for lighting and power.


  September 29.


  Moore has moved in, and is much pleased. The room has been decorated with a very clever symbolic picture of the chemist with test-tube in one hand, and a loaf of bread in the other, and some more conventional lunar scenes on the other walls.


  Tonight finished Long's room. As the author of the idea of living underground I felt he deserved it.


  Kendall busy now. He insists the work is recreation anyway.


  September 30.


  Sunrise and power flowing in in plenty. The furnace crew busy on the accumulated gypsum, an enormous pile representing the entire Hall excavations, practically, and all the other excavations, but the four new furnaces are making progress. Reed insists we haven't enough tanks to contain it, and I agree, though we may want both the water, the oxygen and the hydrogen. The trouble is that we have two tanks of hydrogen for every one of oxygen.


  October 1.


  My room completed, supposedly in honor of my leading expedition to earth-side, inventing photo-cells, and half a dozen other things.


  Kendall has presented me with one of the finest pic-


  tures he has yet made. He is extraordinarily skillful now. It shows Earth just peeping over the horizon, the sun shining on it, and on Luna, and three men grouped about a radio set, looking at Earth. Another is a scene in the Dome making photo-cells.


  Garner is to have the next room, and should have had one sooner, as the leader of the expedition, but he has insisted that service in time of stress or something like that should determine the order.


  October 2.


  Reed has asked that after Garner's room is finished, the work of room-making be delayed till night, and immediate work begun on a water tank. He is rapidly filling the tanks now, for he has an unprecedented amount of power. Some of the men, myself included, have been whiling away time evenings, when the work is done, and there is little but talk to do, making photo-cells. Two banks were completed, and with all the other power thrown in, he has far greater power. All needed fuel has been re-electrolyzed, and nearly all tanks completely filled. Page 72


  Moore announced making of vitamin A concentrate, an important step. More coming, he says.


  October 3.


  Garner's room completed, and at a new lower level, a very large room begun. It will be the new water tank, and a swimming pool combined. Water will be electrolyzed frequently to destroy germs. When needed for oxygen it can be electrolyzed, and be perfectly pure. Will be extraordinarily large.


  October 4.


  Reed crying for room. His furnaces now held up. The gypsum pile has indeed been sadly assaulted. He has emptied two hydrogen tanks, and is filling them with oxygen, releasing into space the hydrogen simultaneously produced. It looks strange, glowing in the brilliant, hard sunlight, and quickly disappearing as it expands infinitely.


  October 5.


  Reed certainly has a fast working outfit. One of the huge oxygen tanks full already, as most of the power is being turned into his electrolyzers. He is consuming water now.


  The work on the tank room is progressing rapidly, however, as everyone has pitched in. It will be made in two sections, one a shelving section beginning with a depth of three feet, shelving to ten, and a larger section forty feet deep, and thirty wide, fifty long. Around the entire pool will be a shelf, or bathing platform, ten feet wide, with a roof seven feet above it. There has been some discussion as to evaporation under the low air pressure and what swimming will be like in this world.


  The evaporation will not be increased, as air pressure means nothing, of course; only water vapor pressure. Swimming will be curious, though we will sink as far in this water as in any at home. We are lighter, surely, but so is the water.


  The shallow section will be filled first, a dam across it being left that this may be done. It is almost finished now, needing only the rubber paint.


  October 6.


  The shallow section is being filled, while the work on the deep section is continued. Wa.ter coming in at a surprising rate, down the long silver pipe to the surface.


  Temperature down here has risen only half a degree since sunrise. The Hall has had a rise of three-quarters of a degree. Absorption is slower than radiation, or the lag is greater.


  October 7.


  The men have been split into two mining crews, one continuing work on the water-room, one working on the living quarters. The furnace gang is continuing operations at the surface. The furnaces are almost wholly automatic, save for loading, and Rice has taken one of the plates from the Dome, made it into a scoop, and rigged a loading machine for them which Reed runs. The cement is being stored outside in the sun, to complete drying. It is ground electrically now. Formerly much of the grinding was by hand; most of the time, however, we collected only the dust that had filtered through the piles naturally.


  We are watching anxiously for the relief ship. It should come in about two months now, but there may have been another under construction, Garner insists.


  (As a matter of fact, the relief ship was even then approaching completion, far ahead of the time the men felt they could expect it. Indeed, ahead of the schedule of work laid out. But, like all the efforts to relieve the expedition, it was handled with consummate blundering. When the ship was actually completed, near the end of 'November, it was suddenly discovered that there were no other trained rocket pilots on all Earth! They had to be trained in the new relief ship! The inevitable result was that in the first week of December, the ship crashed heavily, fifty miles from Mojave. It took nearly two weeks to move equipment to it and set it up, and a month and a half would still be needed to repair it.)


  October 8.


  The pool room finished, and electric lights strung. Two very powerful bulbs have been fixed in water-proof cases, and sunk at the center of the deepest part of the pool. Kendall is already busy. Bender objects that the little


  man is wasting energy that should be usefully spent Garner says, and I agree, that the relieving effect of the pictures is well worth his while. The color and knowledge that that barren rocky, jagged world is merely pictured, gives me, at least, a feeling of security.


  The very last scrap of natural food, save spices, and a can of tomato catsup, has been used now. They have been put in with the artificial foods occasionally, and now the last has gone. But barren, alternately baked and frozen Luna is supplying us bountifully from her rocks themselves.


  Moore made vitamin C today, and that has been added. Also, he has made a curious, greyish cake, which he asked us all to try. It was rather tasteless, sweetened, and not unlike an ordinary cake. Evidently some form of baking powder has been used. He advised against chewing it too vigorously, and gave us each but a little.


  Tasteless as it was, it was a welcome relief, as the continual soups, though nourishing, pall. They leave your stomach empty quickly. This stayed with me an amazing, almost annoying length of time. We learned it was made with ground pumice stone, a starch-flour made from paper, wood, and cotton, and his food-syrups. I don't know that I want any more. Reed calls them "stoneage cakes."


  October 9.


  The shallow part of the pool is full, and water is already flowing over the dam, into the deeper part. For the first time since we left Earth, our bodies were immersed completely in water! It was curious. The room has been fitted with an entrance at the top, about fifteen feet above the surface of the water, and a ladder (of silver, by the way!) leading down. Diving from this level, we float down, and strike the water with a curious reluctance. We scarcely sink beneath the surface, and bob up languidly. The rapidity with which we rise or sink is changed due to lesser gravity. Our entire swimming must be altered. The water is salt, that it may be an electrolyte. A current is passed through it at night, and the liberated hydrogen and oxygen collected, and burned back to water. The combustion is underwater, which tends to heat it slightly. It may be an efficient heat reservoir. Page 75


  October 10.


  Vitamin B! announced tonight, in considerable quantity. We will have the entire-group soon, Moore promises.


  We are all working at the rooms, and a considerable number are housed now. Rice has his. I think his should have been third made, myself. His work in making the engines work on hydrogen and oxygen alone made these comfortable tunnels and rooms possible.


  The Hall is largely cleared now that the bunks have been moved out. A great stone table occupies one corner, at which we eat now, instead of the light metal one, which had a tendency to wobble when leaned on.


  The course of lectures is going to be continued soon. Slides and diagrams are being prepared for projection. Kendall left one space on our Hall wall blank, and has painted it with a silver suspension, and it fairly glows under the lights.


  October 11.


  Another bank of cells installed, and the power going to Moore now. He says he can use any power we can give him, so the pastime of making photo-cells will be taken more earnestly hereafter. Several benches have been made for that purpose, and materials laid out.


  With nightfall, when going is easier, he wants us to bring more limestone. He doesn't need it just now. Rice has made a practical heater for the suits at last. It has a jet of oxygen and hydrogen enclosed completely in a tank


  of water, within the suit. A double valve maintains the proportions, though the flow of gas can be adjusted. A small crank-magneto device is carried by one of the party going out, and passed around, that connection can be made, and a turn of the crank sets off a spark that ignites the flame. Heavier than the battery, but the best we can do. Our last trip last night was bad, as we returned terribly chilled, with useless batteries. Unfortunately we will have no more radio communication.


  October 12.


  Night in two days now. Swimming after our work takes away much of the tired feeling that comes to us. The last of the rooms has been "completed, and each with its solid gypsum easy chair, covered with a padding of rubber paint a tenth of an inch thick (which isn't half as uncomfortable as it sounds) its book cases, bunks, wall decorations and small chair for visitors, all well lighted by a roof light, and a floor lamp (a silver tube, set in a block of rubber-paint covered gypsum, with wires running up the shaft) is an exceedingly homelike, and comforting dwelling. I honestly believe we will be sorry to leave this place now! I know I will.


  The deep section of the pool room is acquiring a layer of water at an amazing rate. Garner says no more mining need be done at night, day mining will suffice, and scientific work can be carried on at night. We will be returning to the old work, with the actually welcome variation of something to do by day. And day will no lotfger be hot and blistering.


  October 13.


  A shower has been installed in the ante-room to the pool, to wash off rock dust before swimming. The gypsum is not removed by electrolyzing, and has slightly clouded the clear water. That water is more precious than silver or gold to us.


  Three feet deep now in the larger, deep part. Today we mined a new tunnel downwards. It is mainly exploratory. No signs of fossil life. Rice objects to such deep workings, as the engines must be used at night to lift minerals from this depth. He has been reminded we won't work tonight. Wants to make a vehicle now.


  October 14.


  Night fell late this afternoon. The power has ceased flowing in, and the water has stopped trickling down to the swimming pool. The swimming pool has been decorated with Earth scenes, the only room of the Castle that has earth scenes portrayed, and even here not all scenes are terrestrial. All the rooms are decorated now, to Ken-dall's annoyance, I suspect.


  Rice's engine can scarcely handle the load now, when all the lights down the long corridors are on, the Hall, the different rooms, and the pool as well. He is increasing the boiler capacity.


  Tomorrow we start exploration again.


  October 15.


  We worked all day bringing in loads of limestone, carbides, nitrides and phosphates for the foods. Mining our food! Also some more quartz was brought over, and a number of metal plates from the Dome, which is rapidly being dismantled. Moore is extracting sulphur from the gypsum with fair success. Perhaps those compounds have lain there undisturbed for two or three billion years!


  Rice's heater is effective, and not hard to manage, though less convenient than the battery heaters, and tends to localize it's action, making the body part too warm, and the legs and hands cold. It was a comfort to return to the Castle, and relax in our own private rooms, well lighted, and home-like in appearance. We have become so thoroughly accustomed to the three pounds pressure of oxygen we scarcely notice the diminished pressure.


  Rice has asked us to spare temporarily the electric heaters, as his engine cannot carry the load now. We have been extravagant with light, as it improves the place immensely, and the load is far greater than it was at the Dome.


  October 16.


  Tired tonight. I, with Reed and Bender, visited Morr-cott Cleft today, and descended again to the bottom. We carried the almost useless batteries for lighting, and explored one of the deepest parts. Little of interest, but brought home some specimens Reed believes to be radium salts, or uranium at least. Of little use to us now, but may be of considerable import. It took us nearly all day to descend and climb back out. Very hungry, and Moore's soups and cakes never tasted so good before.


  Rice has disconnected his engine, and is working on it, one of the big power engines working tonight. He is making alterations for higher power and greater pressures.


  October 17.


  Rice's engine fixed up now, and generating nearly fifty horsepower. He attached a larger dynamo, and his engine, which was, as I have said, far better made than we thought, was strengthened here and there by welding, the boiler capacity increased by inserting another burner, and the pressure rose considerably. Since the burners are inside the boiler, burning in the water itself, there was no question of tube area to consider. The gases have been stored under one ton per square inch pressure, so the fuel enters readily.


  The electric heaters, sending their infra-heat rays, bake out the chill of our legs and arms quickly, and the power is welcome, though we need little extra heat here.


  We have been looking further in the Morrcott Cleft, and the samples Reed brought in were uranium ore, of quite exceptional richness. The deposit seems large, too. Also, a considerable bed of lead was found not far away, alloyed with silver. We will try tomorrow at a different point. It seems that by blind chance we struck an area of Luna that is very heavily mineralized, or else all Luna is a gigantic mine of a thousand ores. Aluminum in abundance, beryllium ores scarce and widely scattered, and plenty of nickle, iron, and cobalt. Certainly, with such living places as our Castle, it would be easy to establish a civilization here, with Luna supplying both food and air!


  October 18.


  Further explorations in the depths of the Chasm revealed traces of gold shortly before we left. We did not investigate. I fear that both Reed and I have little respect for gold; here on Luna we have learned to judge metals and rocks by their usefulness, and gold is useless beyond all others. Bender, however, was wildly excited. He wanted to load himself with the heavy stuff.


  We brought back considerable lead, as it may be very valuable to us. We have none here, and with lead, the precious batteries can be replaced with lead-acid type. Bender was finally induced to carry back a load of the highest grade rock, by telling him it was far more valuable than gold. He was wild when, on getting back, he learned the heavy stuff he'd carried was leadl


  October 19.


  A regular expedition was made to Morrcott Cleft today, with sledges for transportation of rock. Reed and I de-


  scended and loaded the lead ore on a net, while the others raised it to the sledges.


  Reed is separating the lead tomorrow. Rice agreed to make batteries, suggesting that we use silver battery cases plated with osmiridium alloy, as they would be stronger, and less subject to breaking than glass or quartz.


  Queer how our ideas are reversed here. Iron is valueless, silver valuable because of it's usefulness, availability and workability, osmiridium only because of it's resistance to corrosion, lead more valuable than gold!


  October 20.


  Further exploration today. Tonight Rice announced the first lead-acid battery was on charge. Unusually tired tonight.


  October 21.


  The night is half gone. Moore has introduced Vitamin G and F into the diet, and has at last succeeded in making a solid organic compound, impregnating it with food-syrup and serving it. It was far better than his solid rock cakes of a few days ago. He says it is pure wood soaked with pre-digested meat and sugar. Anyway, it's good, and it's filling.


  October 22.


  Kendall had developed some pictures taken while the Castle was being made. They were very interesting to us. Also some pictures taken in the Dome, and now we wonder how we got along without the swimming pool, and the free movement we have here.


  Rice working in secret now. He has even made a room for himself to work in, way up near the top of the gypsum cliff. It is entered from outside, through a lock of it's own, but draws power and heat and gases from the main


  Castle. His workshop, private! He's taken a lot of plates from the Dome, by his own efforts, and we all wonder what it is he's doing. He isn't saying. Almost all day we can hear the big power engine running if we happen to come in.


  October 23.


  King located a new platinum deposit not far from the old one, probably another branch of it, but much richer. He brought in nearly seven pounds this evening.


  The first of the lead-acid batteries will be tried out tomorrow.


  October 24.


  King has made another triumphant discovery, a very rich tungsten deposit. He plans to try working it for some metal which Rice wants. This will have to be done by daylight, however.


  October 25.


  A trip to King's tungsten mine. No wonder it was called "heavy stone." It is! We brought back nearly a ton of ore however, hand picked, at that. We carried several blasting capsules, and obtained quite a fair collection.


  Reed and I will help King set up a reduction furnace tomorrow.


  October 26.


  The tungsten furnace was completed, and turned out a small sample piece. It requires a lot of electric power, and we had to use both big motors, and draw on the lighting circuit as well to get the needed power. The metal comes out a small ingot, fused together all ready for shaping.


  October 27.


  No new discoveries. The expeditions are filling in the few blank spots on the map of our immediate (two hundred fifty mile radius) vicinity. All very tired at night


  October 28.


  Sunlight! The power is back, and today we rested half the day till the sun actually rose. Then to work, and mining begun. The photo-cell workers stopped today however, for making more cells. The tungsten furnace needs power, and they are never amiss. The mining, at Rice's request, is being done in the form of a tunnel leading from the upper lounge to his workshop, so we will have under-ground communication. He wants a lock installed in the upper end of the tunnel. He is very mysterious. But he has made us a new tool. He did it during the night. It is a huge, round metal frame, spun rapidly by a fairly powerful motor, and set with a number of diamonds. It eats into the rock with amazing speed, as the rock is soft. Then one charge of explosive, and the sawed section comes out, leaving a neat round hole, the size we want the tunnel. The progress is so fast we won't want to make any more rooms, I fear. Kendall suggests, however, that we make a library, as long as we must dig.


  October 29.


  The tungsten furnace has been at work all day long, and several ingots have been made. The gypsum reduction has been slowed by this new work, but a steady trickle of water has continued to the pool, and nearly all the fuel used during the night has been restored.


  October 30.


  Rice has revealed his secret to me, for help. I am honored indeed, and have assured the men that photo-cells will be badly needed, so even more work is being done on them. He is making a small rocket car for exploratory work! It is capable of carrying only three passengers, and


  fuel, with oxygen and hydrogen tanks for breathing, and for running his generator.


  His fuel he says will be oxygen and hydrogen, and he has completed the entire hull. He used girders from the old ship, plates from the Dome, and windows from the Dome. His rockets will be made of tungsten, lined with iridosmium, far better than the tubes of the "Exelsior" that brought us here. They will be infusible and non-corrodable. His combustion chamber will be made of an alloy of tungsten-silver-iridosmium, principally tungsten.


  Most interesting of all, however, is his new motor. It is a turbine type, burning hydrogen and oxygen, and making steam from water simultaneously in the jet chamber. The combination goes to the turbine, and exhausts into a condenser in the ship, which will serve to warm the machine.


  The rocket car will be used first to go to Earth-side of Luna. It is rapidly approaching completion. We have only one draw-back, the use of water, or rather, hydrogen and oxygen with no chance of recovery, since the rockets throw it out, to be lost forever.


  We are designing the controls now. As tungsten is produced the rockets will be installed.


  October 31.


  The miners have reached the workshop, and the main driving rockets have been installed, after hours of the hardest work with the tungsten. The furnaces are now ahead of the miners in the gypsum consumption. Water in the pool, four and a half feet deep.


  The miners are starting on the library, which will be quite unnecessarily large, of course. Another group drilling a tunnel back into the wall of the Cliff, and angling downward, starting from the branching point where the corridors part to go to the upper and lower lounges.


  Moore introduced another vitamin today, so that now our diet is practically complete. The last of the woodwork of the Dome and the last spare paper used up, so in the future all our food will be wholly artificial.


  November 1.


  A set of heavy tungsten-steel springs was placed on the bottom of the rocket, for landings and take-offs. The take-off will be a vertical rise on the lower rockets, till free of the ground, then a drive forward. Several heavy gyroscopes from the Excelsior placed today as well.


  We estimate a cruising range of several thousand miles, in fact infinite distance, as we can achieve orbital speed about the moon for long distances very readily. But it couldn't make the trip to Earth.


  November 2.


  The men have been trying to find out what it is we are doing in the workshop, asking a great many questions. We are filling the fuel tanks now, and Reed wants to know what we are using all the gas for. He is running his electrolysis outfit again, at full capacity, and very little water is going into the pool. The front braking rockets, and the steering rockets have been installed. By night the ship will be finished. We had all the parts, practically, on hand here to begin with, and so made very rapid progress.


  The library has been finished, and Kendall is at work on it. The tunnel leading back into the hillside is being driven on, and a new continuation of the lower mine tunnel, running horizontally however, is plunging parallel with it. In the end of the lower tunnel, a room is going to be made, nearly one hundred feet below anything else, and here will be a food-syrup storage room. We dislike to have aimless tunnel made, as it would bring to our Castle the air of a mine once more, something we have attempted to avoid.


  November 3.


  Lower rockets completely installed, and electrical ignition system arranged. Fuel pressure up to full value. Little more work to be done.


  A number of frames of photo-cells have been set up, and despite the almost constant use of the tungsten furnace, the power is nearly up to what it was before its installation. The mining machine Rice made has permitted the miners to keep two furnaces going, and the fuel we drew to fill the tanks of the ship, has been replaced. Six feet of water in the deep end of the pool-room.


  November 4.


  Rocket complete save for furnishings and paint. Metal chairs with spring seats and backs being made now, spot welded together. A small power board has yet to be installed.


  Tomorrow the ship will be announced. Moore has been taken into the secret.


  November 5.


  The ship is completed, and has been announced. The interest shown was amazing. It has been agreed that Rice, Long and I shall make the trip back to the Earth-side, as Rice built it, and I aided, while Long knows the way best, and can locate us. Navigation will be important, I suspect, from a few miles above the surface.


  The food storage room has been begun, and at the end of the upper tunnel leading into the wall of the cliff, a new tank room will be built, with tanks we build ourselves. The great use of gas for power as well as breathing, and the storage of the more voluminous hydrogen has crowded even our great tanks. The tanks will be made of tungsten-steel, with welded seams, tested for one ton to the square inch. There will be two tanks, one twice the size of the other. Our pumps are almost worn out, and Rice will have to build new ones, which he says he can do. He will use the rollator type, as it is easiest to build. This will be the rocket-fuel room, principally.


  November 6.


  Rocket completely equipped, and tomorrow a trial will be made. The workshop will be evacuated after the men enter the ship. The Dome radio set has been moved down here, and with spare parts Rice installed a similar set in the ship. I will control, while Rice keeps in touch with the Castle, Melville at the set here.


  Food storage room finished, and equipped with large quartz jars. The food supply has been put in these. A pasty mass which is the wood-like stuff with which Moore makes his famous cakes, has also joined several large jars of peculiarly colored liquids.


  Seven feet of water in the pool tonight.


  The work on the gas-tank room has been started. The method is new, several tunnels close together being bored, and then joined. It will be thirty feet long, thirty wide, and eight high.


  November 7.


  Rocket tested! It worked beautifully. The three of us entered, closed the doors, and the hangar was evacuated. The doors opened electrically, and the ship was hauled out on a cable. The rock had been leveled, and just outside the shop, I turned on the lower rockets, very gently. The machine trembled, and seemed to jump slightly on it's springs. Then more power, and it rose up, with slight shiftings of the gyroscopes. A tail blast drove us forward, and out over the cliff. With half power on the lower rockets, we soared rapidly, and the tail rockets were turned on one quarter. Quickly we gained great speed, and the Dome flashed back in a moment. We were wearing space suits in case of accident, but we soon took them off. In a minute and a half I cut off the bottom rockets, then some ten miles above the surface. The ship dropped slightly, and yet before we sank to five miles, we reached orbital speed, and I cut off the driving power. We were far beyond our widest exploration range already, and Long was snapping pictures industriously, while Rice talked with the Castle. Page 86


  I let the machine coast for several hundred miles, using no power whatever, then finally turned in a great U, and headed back. We had passed into the dawn section, and turned back to the evening region. We will readily reach the Earth-side. It has been decided to wait till the third of December, when Luna will be at last quarter from Earth, and descend. In the meantime Tolman is going to refine several pounds of magnesium, and mix it with a quantity of silver oxide as a flash-light powder to attract attention. He will make nearly fifteen pounds of the mixture.


  We landed safely three hours after starting, and the ship was safely returned to her shed with the cable. Landing is accomplished by verticle descent, somewhat difficult as the ship has a bad tendency to sway, despite the gyroscopes.


  Throughout the trip, the generator set worked perfectly. We used nearly three thousand pounds of water, however. We will use less next time, as I know the ship better. All the men feel it was water well spent. The tanks have been refilled.


  November 8.


  All helped make photo-cells today, or set to work in the gas-tank room. Rice and King are working on metal, however, and tomorrow an expedition will be made for iron ore.


  The rocket was carefully gone over, and found in perfect condition, save for slight burning of the landing springs on my slow take-off and landing. The lower rockets, jetting the hot gases, burned them slightly.


  November 9.


  Five tons of iron ore brought in. Very heavy labor for all of us. We have been working very hard, and seem to have been losing weight slightly. Moore is increasing the food allowance.


  Reduction will begin tomorrow, and be rushed to completion in two days if possible. We need only a little, really. Several new banks of photo-cells installed, and we have plenty of power.


  November 10.


  The tank room is completed, and all hands working at reduction. We will work all 'night' as the sun shifts continuously, and it would mean a delay of two weeks if we waited. One hour rest now for supper.


  November 11.


  We are all exhausted. The iron and tungsten have been refined, and alloyed, however. Night. Sleep at lastl


  November 12.


  Work going on today on the tanks. The tank-room is completely finished, and heavy concrete bases arranged. These tanks will be spherical, and the gases will be stored under a pressure of two tons to the square inch! Rice is working on plans for his new pumps to handle this greater pressure. The tanks are being made in eight orange-peel sections, which can be carried through the corridors, and welded when in place. A temporary crane has been arranged for handling them. For testing, they must resist a pressure of three tons to the square inch. Today Reed and I ran a test on our alloy, made of elec-trolytically refined iron, tungsten and graphite, fused electrically, and found that the tensile strength was very high, nearly 175,000 pounds.


  Diagonal cross-braces, on all but the bottom and top sections will be installed, slightly reducing the volume, but greatly increasing the bursting strength.


  Four sections were made today.


  November 13.


  Six sections made today, and Rice has completed the welding on one tank. He is annealing it now with his torch. The welding was done after the room had been evacuated, working in a space suit, to prevent oxidation of the metal he was working on, and minimize air-bubbles.


  Rice, Long and I leave for the Earth-side tomorrow.


  November 14,


  Morning--ready to leave now. The doors into space are open, and I am at the controls, rockets on at very low intensity to warm them slightly. Taking off.


  Circling now at orbital speed. Beyond radio-range of the Castle. Long reports trip more than half completed. No control needed. We will go well beyond the marginal region of the earth-side.


  Earth rising! Great reddish-green sphere, nearly full. Atlantic Ocean and corner of North America visible. Stopping to land.


  Landed. We ate in night region, with earth at half above us. Rice is sending to New York, while Long, in a space suit, is placing the magnesium flash charges. They will burn one minute each, with tremendous intensity. We must cover our eyes while they are being fired.


  Rice has sent now for five minutes. New York in dark or night portion. Long about to start first magnesium flare.


  Light blindingly brilliant while flare burned, which seemed far longer than one minute. Rice sending again. The motor-generator supplying power. Message: "SOS SOS Garner Lunar Expedition. Air supply plentiful. Food supply artificial--synthetic food. No immediate danger. Watch Magnesium Flare."


  Since power is nearly eight times as great as when we made our last attempt, I feel sure the message will get through. Clouds over Chicago. Rice repeating message.


  Denver in view now. We have a receiver aboard that can pick up signals of the same wavelength we are sending, and the ship acts as antenna. Hoping for message. Rice sending with beam on Denver. Second flare to be started soon. Rice sending notice of flare.


  Second flare gone.


  An answer has been received. It is fragmentary, but tremendously encouraging. The first word from Earth in over two years! Message follows: "Signals re - - - ved--not com - lete. Relief ship - uilt but - - - ly damaged in crash to - ay. Repairs being hastened. Watching for f - are." This message was repeated several times, with subsequent filling in of missing letters, and extension. We learn that the relief ship built has crashed due to lack of competent rocket pilots. Kingsbury and Wilkins were both killed recently. This is bad news, as it will be some weeks before the ship can be repaired, and at least a month or more before any man can attempt to cross space in her. We have sent our messages through saying we will be safe until that time. We have also announced that we have built a small rocket ship, and can travel about on the Moon, but cannot leave her, though the trip from Luna to Earth is far easier, due to Luna's lesser gravity. It has been agreed that this spot shall be watched for our return with further messages.


  Rice has set up a powerful spotlight, run by our generator. Mt. Palomar has turned the great 200 inch telescope on us. Light signalling being attempted.


  Signals more legible than our radio! California under perfectly clear skies. Third magnesium flare to be set off now. We will go out while it is burning, and attempts will be made to see us by its light.


  Back in ship. Places were taken.


  We were clearly visible!


  We are returning to the Castle. Long messages have been sent, telling almost the full story of our expedition, the light signals coming through clearly, in even smaller telescopes, many amateurs reporting visibility with reflectors as small as 15 inches. California passing out of sight. Very tired now.


  (The excitement on earth, created by this expedition can be imagined. The news that the marooned mere were living now in a comfortable, well aired tunnel system, with plentiful supplies of artificial food and water and air, with a rocket ship they themselves had built, ad this served to whet the interest of the world.


  The announcement of the discoveries of huge diamonds, platinum deposits, silver and especially uranium convinced thousands on thousands that after all, this expedition had been of more practical value than they had been willing to admit. They could not realize of what enormous value the expedition actually had been, nor that Luna was merely a way-station to Mars, to Venus and the rest of the Solar System. With the Castle as a base, within three years an expedition was to leave for Mars, their rocket refueled on Luna, from the rocks of Luna. Already free of the dragging hand of Earth's heavy gravity it was to establish new history. New history, but even now the Castle was establishing history, and while thousands watched the Moon for further signals, thousands sent in more funds to reconstruct the damaged rocket, and rescue these men. The news of the complete (apparent) triumph of men over the awful desolation of the Moon alone was enough to inspire men of gentle, kindly Earth.)


  November 15.


  Landed back at the Castle without the slightest trouble, shortly after midnight. We descended at once to the hall, where the men were all waiting. We had been in wireless communication for more than fifteen minutes, as we decelerated for landing, and they knew most of the story, yet it was after one thirty when we finally went to sleep. We had been gone but one day, instead of the seven that our last trip took, and we had been far more successful. The entire trip consumed but eight thousand pounds of water. Energy means nothing to us, only water.


  The time saved on the trip means little; important are the vastly greater results, and the wonderful ease with which we accomplished the long, long trip. Never again will a Lunar expedition have the troubles of exploration we had. Hereafter, while they cannot bring ships and fuel with them, they will make them here, and explore with ease.


  Today we have worked on the great gas tanks, and the two hydrogen tanks are completed, and ready to be filled. Several sections of the oxygen tank are ready.


  The rocket ship has been completely re-charged.


  November 16.


  Dr. Hughey and Moore are both worried. All of us have continued to lose weight gradually but steadily, despite the large quantities of energy we have absorbed in our foods. Though eating over five thousand calories per man per day now, far more than necessary, we continue to lose. All known vitamins have been made, and are being included in the diet. Also we are getting plenty of calcium, magnesium, iron, iodine, aluminum and other


  metals and non-metals. Moore is really worried. This has not been publicly announced. I have sacrificed one of my few remaining shirts, and Garner, Hughey and Moore as well to make some more of the natural-base starch, as Moore calls it. We will watch results.


  The tanks are completed, and the heavy, hardened silver pipes installed. The pumps are under construction. Despite the numerous electric motors with which we were originally equipped, we are having trouble now to make them go round. The powerful motors in particular are in demand. For these pumps we need plenty of power, and we have had to take one of the cable-way motors for this purpose. The cable-way motor is being replaced by a small steam engine, electrically heated. Rice is making that too.


  Tomorrow an exploration expedition of five men will be crowded into the rocket, which can easily bear this load, and we will visit Long Crater for active research. .This is the great crater with a smaller one within, which we passed in our trip to the earth-visible side of Lunar on the first, foot trip. We believe that the great crater, erupting first, hurled material from great depths to the surface, then that the second, smaller crater brought material from still greater depths when it threw up material. I will be in control again. Reed, King, Tolman, and Bender will make up the party.


  November 17.


  We started this morning quite early, and reached the crater in less than fifteen minutes. A successful landing was made in the reasonably smooth plateau of the inner crater, and the work begun. It was a typically meteoric action. But it must have taken place untold millions of years ago. When the Moon was young, this crater was formed.


  Mineral hunt highly successful. We brought back a collection of slightly radio-active rocks we found near, hoping to get an age-determination from these samples, by analysis of radium-lead-uranium percentages.


  Sulphur in abundance. Also selenium, tellurium and some phosphorus. Metals seemed scarce, though traces of gold were found.


  The ship was moved about one hundred miles to the wall of the greater crater, and examination here disclosed plentiful minerals, including a wealth of chromium and copper, in different sections. King picked up what he believes is an emerald, but may merely be colored quartz.


  Rice had finished making the parts of his pumps, but wants some mercury for them. We will have to get that tomorrow.


  November 18.


  Collected mercury and refined it today. Several pounds, and enough for Rice's purpose. The heaters in the Castle feel good after the cold expedition!


  The pumps were assembled and installed tonight. Other apparatus for tanks not quite complete, but by dawn will be fully prepared for filling.


  The converted shirts were served tonight. We will watch for results. I, and the other men felt unusually lazy after the meal. Going to sleep now.


  November 19.


  Exploration work today, as usual. The tank room is fully equipped, and I am helping Rice with his new steam engine. The boiler is amazingly tiny. He already has a condenser and injector attached to his little spherical boiler. A small electrical heating coil rapidly boils the water. He has the boiler wrapped in powdered pumice stone for insulation. A pressure switch turns the heater on or off depending on the steam pressure. As a result


  he uses a heating coil about five times as powerful as necessary. It is another three-cylinder wabble-plate engine of about forty horsepower. It's starting torque will be very high. He is making the parts for six such engines now!


  I have been immensely surprised, and so have Hughey and Moore, to notice that with a startling rapidity, in a single twenty-four hour period, the men have visibly gained pounds! We are convinced that there is some subtle vitamin-like thing in natural substances, that is, organic substances, that makes it possible for accretion to take place. WhilQ it is evident our foods supply fuel for our bodies it is also apparent they can't supply repairing materials without the aid of that mysterious something in organic foods. Even organic foods that have been changed from cotton to starch. Then, like vitamins, this something can force the inorganic foods into the body.


  November 20.


  The effect of the starch has worn off, and the men are rapidly losing that gain. Unless a constant supply is kept up they will starve with plenty of food! It has been announced publically, and shirts, trousers, everything have been contributed. We now have one suit of clothes apiece.


  Another trip to the message relay point will be made tomorrow.


  Rice's new engine is complete. He has tested it, and it works perfectly. Several other engines are assembled, and need only boilers to put them in operation.


  November 21.


  We left in the rocket early this morning, taking off easily, and landed without trouble at our previous position, as determined by Long. The Atlantic coast of North America was in view, and we commenced Page 94 simultaneous signals with the spotlight and radio. Soon we


  were in communication again.


  We sent several straight messages, and finally sent a code message Garner had prepared, directed to his backers. This was repeated to us from Earth, and found correct after some trouble. In English it read: "Artificial food lacks ability to support life. No natural food left. Slow starvation. Appears unknown vitamin-like substance missing. We are using cotton, converted chemically to starch. Supply nearly exhausted. Advise doctor with rescue ship."


  A further message sent advised that the rescue ship be designed for the use of regular rocket fuel on the way here, but equipped to use oxy-hydrogen, since that would supply sufficient power for the return. Thus fuel for the round trip need not be carried. We can supply itl


  But we hope the ship comes soon. More cotton starch tonight.


  November 22.


  Exploration has been given up finally, and mining will be resumed. We are preparing a great hangar for the rocket ship. This will be built in the face of our gypsum cliff, with two of Rice's engines to haul it in after landing. More photocells being built as well. Today work was begun on the tunnel that will reach down to the new hangar. Our little rocket has been fully recharged, showing a use of 8200 pounds of water. Dawn, day after tomorrow.


  November 23.


  Bank of photo-cells completed today. The tunnel is being lead from the swimming pool, and will be ten feet by ten feet. The larger it is, the more gypsum we get.


  November 24.


  Dawn this afternoon, and power in plenty flowing in. The furnaces are started, and are roasting the gypsum. The new tanks are getting their first charge, and the gases used for the rocket are being replaced. Despite these drains, the pool is gaining again.


  November 25.


  Another bank of cells. Twenty pounds pressure in the new tanks. Eight feet in the pool, and most of the gypsum mined last night gone. The new tunnel is driving on, however, and rapidly enough now to supply the furnaces.


  An addition had to be made to the power board to carry the increased load of new cells. We are making rapid progress now on the tunnel, and the furnaces. At night the electrolyzers work, for it is night with us, but day without. This too is pleasant, to have dark when you want it. The ceaseless glare of lunar day was annoying, nerve-wracking. The pleasant, cool dark makes for better sleep. We are gaining weight once more, but the supply of materials is diminishing. Beyond them there is no more.


  November 26.


  Ten and a half feet in pool, and the new tanks now have fifteen hundred pounds pressure. All other tanks full. The regular water tanks have been emptied, and are being filled with hydrogen and oxygen. A small pressure-pool tank alone remains, and that is refilled from the pool when necessary. It is large enough to last all night, however. All four furnaces working. The men have completed the tunnel and are commencing work on the great hangar. New tank room will be hollowed out near it, and the suggestion has been made that the rooms themselves simply be lined with plates of metal, and these welded. The rock could carry the strain instead of the metal. I believe it would work, with some modifications.


  November 27.


  Bender was cruel today. He pointed out that the 26th was Thanksgiving. For the first time in three years we overlooked it completely. But Moore says we'll make up on Christmas. He will try to have solids for us then!


  Twelve feet of water in the pool, and the new tanks now have a full ton pressure, half pressure.


  The great room is being done in a new way. A slanting tunnel was drilled upward, till we were at the top of the far side of the room, then turning, tunnels were driven that will be the upper edges of the room. Now we need only cut out the block below, and within, and the ten foot tunnel becomes an entrance to the floor. Often previously we have ended up with an entrance near the roof, since we cut downwards.


  November 28.


  Moore has been giving us nearly 7000 calories of food per day, and with the life-vitamin of the converted cotton, we have been putting on weight at a prodigious rate. It does not seem to strain the digestive system, probably because the food is practically all pre-digested. But now the last of the converted clothing has given out. We can spare no more. We have but one blanket apiece, shoes, one pair of socks, one shirt, one pair of heavy trousers, and whatever woolen material we may have had, which was little, most of it being very heavy duck, or broadcloth shirting. Wool, Moore says, does not adapt itself to his processes.


  Tanks have ton and a quarter pressure, pool now up to thirteen and one half feet. All other tanks completely filled. We are trying to have enough hydrogen and oxygen on hand to make the return journey fuel immediately available.


  November 29.


  The tank-rooms beside the hangar-room are completed, and work has been begun on the metal inner sheathing. It will be half-inch tungsten-carbon-silver steel, welded.


  Concrete will be poured in all around the tanks in a fluid state, and allowed to harden, filling any small cracks, and perfectly distributing the pressure to the solid rock. The hangar room has been roughly bored out now.


  Fifteen feet of water in the pool, one and a half tons in the new rocket-fuel tanks,


  A great increase in power since this dawn, for photocells have been turned out rapidly. Melville is in charge now.


  Moore and Hughey devoting most of their time to the work on the few scraps of life-materials they have. Attempts were made to ferment or mold some of our artificial food, on the basis that the molds would be life, even though unpleasant. Our Castle is absolutely hygenic, so much so that no trace of any mold has been found! All our food was brought canned, or treated to make it proof against molds and bacteria. None now to be found, save a few disease germs that can be depended on to be present. Apparently these are too high a form of Me, for they will not live in our purely artificial mediums. Even a disease might mean life!


  Another trip to message relay point, soon, with coming of night probably. All too busy now.


  November 30.


  Sixteen and a half feet of water, one and three quarter tons of pressure in the tanks.


  Hughey and Moore are preparing a statement of our artificial food supply, and the results observed. This will be sent to Earth when we next go to the message relay point, and fourteen days later we will return, for a statement from the scientists on Earth. Perhaps they will be able to suggest or discover something. Our present situation is rather less pleasant than we had thought. It was hoped that we could live here indefinitely, but unless we can discover the new life-vitamin, it will be impossible. Hughey says that two months is the absolute limit for us now. That allows of only simple starvation, but as many other deficiency diseases, beriberi, scurvy, pellagra and such, do not act as simple starvation, there may be more serious complications. No one knows. Hughey is asking that it be tried on laboratory animals, of which we have none, such as white mice and guinea pigs, which live more rapidly than men.


  The hangar is being finished off. It has been partly cemented. As gypsum is a necessity to us anyway, rooms are being cut for living quarters of the crew of the rescue ship, four rooms, larger than ours, arranged for double bunks in each. But four men are expected, however. These rooms are half way between the Hall and the Hangar, on the same level with ours, but on a different corridor.


  December 1.


  Some of my books on Physics, and Melvilles on astrophysics are being sacrificed. A curious dinner! We are becoming bookworms and moths! Moore has promised us some unusual flavours, at any rate.


  The four furnaces are all running at full capacity now, and the cableways are almost over-crowded with cars running up and down, heavily loaded. Rice has made four new ones, despite his many other tasks, using the metals we refined. They are much larger, and barely get through some of the smaller tunnels.


  The pressure in the rocket fuel tanks is up to a full two tons this evening, and Rice reports that the first of the new tank-rooms is completely welded, and the concrete poured. Day after tomorrow gas may be put in it.


  The new quarters are being cut out rapidly, and now Garner has suggested that since this Castle of ours must some day be the base of a greater, and better equipped expedition than ours, we might cut even more rooms to supply them. We must have more gypsum in any case. Two larger store rooms will be cut soon, down near Moore's present store-room,


  It is pleasant to think that we are preparing for the future in our Castle in the rocks. And I believe we will have nothing to be ashamed of in either workmanship or equipment. Rice in particular can point with pride to his engines and his tanks, his silver tubes and power lines.


  December 2.


  The hardest job of all was done today. The great Hangar was cut off from the rest of the Castle by the newly installed air-lock, and the passage to the Outside was cut. The passage has been driven half way, and the huge, heavy airlock for the ship placed. This has been made of plates from the dome, brought over recently. The hinges were the greatest trouble, but Rice made them. Moore supplied us with artificial rubber to face the doors for seating. Now they are completely installed, thanks to the numerous winches that Rice set up. They have been tested, and found air-tight. A pump of the rollator type, driven by one of Rice's steam engines, will pump the air back into the hangar from the lock compartment in a very short time. Later, when electric motors are available, the steam engine can be replaced by an electric motor. Power lines have been brought down, of course.


  Tomorrow the remainder of the entrance tunnel must be finished.


  Decembers.


  Outside the sun is beating down with tremendous intensity. This evening Kendall projected pictures taken during the entire period, beginning with our take-off from Earth, and ending with some taken this morning, while the tunnel outward was being made.


  The cable-way to haul the rocket into the Hangar has been completed, and a considerable area just outside levelled off with blasting, which churned the rocks into a sort of gravel, and which levelled itself fairly well needing only a little work.


  December 4.


  The tank-room near the rocket hangar is being filled for the first time. Only one foot of water into the pool today. The four dormitory rooms have been finished and work now going on in the new store rooms. Kendall has been busy decorating the new dormitories, and the hangar room.


  We gained nearly two pounds apiece on the books. Moore took advantage of the natural starches the sacrificed books provided, to give our weight another boost.


  December 5.


  Sun sets tomorrow afternoon, and this afternoon announced that Tankroom No. 1-H had been lined, and was ready for service. The H or hydrogen tank rooms are just twice the size of the O or Oxygen tank rooms. No. l-O is already showing twenty pounds pressure, despite its size. No. 1-H now being filled. Twenty-three feet of water in the pool and the deep, dark water looks good to us as we look down at it. The lights under it, when turned on, make it glow like a huge jewel. It is all that to us! The thought and labor it represents means a great deal.


  December 6.


  Kendall has finished decorating one of the dormitories, and the hangar, such parts as he intends to do, are done. One wall has two panels, two scenes, one from space just after leaving Earth, one just before reaching Luna. These are excellently done, but the former looks more interesting to us.


  The two store rooms are finished. Work begins tomorrow on the new series of dormitories and a laboratory, all to be on a newly driven corridor, extending beyond the back wall of the Hall. A new door will be driven, much to Kendall's digust, through one of his scenes. This will be a ten foot corridor again.


  December 7.


  Evening now, and we are back at the Gastle. The little rocket functioned perfectly. We landed at the relay point in time to be visible from Eastern Europe this time, and gradually all of Europe and the Atlantic came into view. We left again when California was well visible, and part of the Pacific.


  All signalling done by the new spotlight, much more powerful than our other, but radio was worked in conjunction with it. The long articles were sent twice through, and repeated back for corrections. The greatest difficulty was encountered with some of Moore's complex chemical formulas, particularly as they were necessarily structural formulas, and the empirical formula was useless. My chemical learning was slight, but it helped.


  Hughey's work was not difficult, but remarkably long. Rice's fingers were sore and stiff when the signalling was all done.


  We also sent accurate descriptions of our Castle, and the new Hangar, and instructions on operating all the machines in the Castle. The new relief ship will have spring landing gear like our small ship, and be equipped for landing on it's side, instead of the base. It's exact dimensions were sent, it's mass, and it's fuel requirements. There was some question as to the possibility of our obtaining so great a supply of hydrogen and oxygen.


  It will require little more than we now have on hand. It is agreed that we will return in two weeks.


  Williamson, in charge of the relief rocket, reports a minimum of six weeks for repairs and equipment, and the pilots will absolutely have to have a month's training before setting out on their trip. That is two weeks longer than Hughey allows us of life. We will have to live an extra two weeks despite medical knowledge. It would be foolish to leave Earth before the rocket pilots knew the handling of their ship, for it, like the first relief, might be wrecked, and the further wait would certainly be fatal. I have taken the responsibility of assuring them we will be able to survive. Garner approves, though Hughey does not, claiming that it will be impossible. There are four other lives on the rocket to consider, however.


  The rocket while being repaired, is being re-designed in part for the return trip on pure oxygen and hydrogen, a less efficient but more easily obtained fuel than our Garnite.


  Mining was continued, and the work on photo-cells. Another of Rice's engines will have to be installed for the new tunnel cableway, and an automatic switching device would save the time of one man now needed to change the cars from one cable to the other. Rice and Bender are at work. I am sure they will succeed.


  Reed started work on a new furnace.


  December 8.


  The new cable-engine installed, and operating. Rice tried out an automatic switcher this evening, just before we quit work, but it failed mise*rably. He will try again.


  The new tunnel has been driven far enough, and rooms will be cut. Three men on a photo-cell detail now.


  December 9.


  The switching device worked this noon, and another


  man is working on the mining now. Reed has finished his new furnace, and it uses tungsten-steel heating wires, forged at home. It has a much greater capacity than either of the other four.


  The gypsum dump is growing at an astonishing rate. It seems impossible that so little water is obtained from so much gypsum.


  A trip was made today to our diamond mine for more cutting stones, and quite a collection was brought back.


  Rice working on the steel lining of the other tankrooms.


  Kendall decorating tunnel walls now. I am surprised he has any more scenes to show; but he has, a constant variety. They are really helpful, for it makes this Castle of ours seem more of a castle and less a buried dungeon.


  Despite the two powerful tractruck engines, and Rice's original generator engine, the electric power system is sadly over-burdened nights. Rice may work on a turbine generator when his present job is completed. Our main difficulty is that only the two big generators are available, the two used on the rocket coming here, and neither of them will handle much more. Rice is promising to enlist my help.


  December 10.


  Rice has finally finished all the welding on the tank-rooms. There are two oxygen tanks and two hydrogen tanks, each of which should resist a pressure of three tons per square inch, or probably better if need be. That will be easy enough however.


  Rice has been talking to me tonight. He suggests we make an electric power plant of our own. I say the labor will be too great, but Rice insists that labor is our best relaxation anyway, and we won't be able to delude ourselves we have any more mining to do soon. We can get pure iron easily, and he can make silver wire to wind it, and with Moore's rubber insulation paint it would be easy. A neat job it won't be, but it will work. It sounds worth while. I agree that our mining is partially in response to the demand for something to do besides sit and think.


  December 11.


  The men have agreed. All other work will be suspended to haul the iron, tungsten and silver Rice needs. The old power room will be large enough, but a new casting pit will be needed. I am to work with Rice. We did not mention that this work is merely to keep us occupied.


  December 12.


  Very tired tonight. We brought in several tons of iron, other parties bringing in silver and tungsten. Moore had sacrificed several of his books. "The work I'm doing isn't in any of them anyway," he said, as though excusing a fault. We have very few books left now.


  December 13.


  Work on new casting pit begun. The turbine housing has been laid out.


  Work progressing rapidly.


  December 14.


  We gained half a pound apiece thanks to Moore's books. The converted starch appeared in the form of a mashed potato, or at least it was so labelled.


  Apparatus entirely laid out on paper now, and the turbine castings arranged for, the heavy generator castings are almost cut out in mould form. The hardest work will be making the armature. The field coils will be wound on solid metal, but the armature must be laminated. The laminations will have to be rather thick, but we are using almost chemically pure iron, a thing very seldom obtained on earth. Actually, on thought, I found I had never before seen absolutely chemically pure iron. It always has some carbon, or phosphorus or sulphur or nickel--something with it. We are ready to begin with daylight. Back to mining for now.


  December 15.


  Rice and I working on silver drawing. The wire is drawn, then passed through the rubber paint, and reeled on our now empty wire reels. Rice himself was cutting out commutator bars. We have discovered no mica, and the insulation of these will be a problem. Bender is aiding us, and keeps shaking his head at the disgraceful lack of appreciation we show in putting silver to .work. He thinks we should be mining silver and gold bars, I believe. In fact he asked rather disgustedly why we didn't use gold instead, Rice answered smilingly that it wasn't as good a conductor, and too soft anyway.


  The silver, by the way, has been hardened with a small amount of iridium-osmium alloy, which is exceedingly hard, but also hard to get hold of. However, we needed only a little for the commutator bars. All other work had to be stopped while this alloy was fused, as the furnace drew an outrageous amount of current.


  December 16.


  Moore has promised us a bakelite for insulating the commutator bars. This solves the last problem. He says that phenol and formaldehyde are easy to make.


  The mining crew has cut several rooms now, and a great mass of gypsum is ready for the furnaces. The photo-cell crew has set up no less than seven new frames.


  Sunrise in three days.


  December 17.


  Rice is working hard at an attempt to make good bearings for his machines. He says making the shafts will be the hardest job of all.


  I have returned to the mining crew.


  We are losing weight again, and it has been decided that the last books must go, save the treatises on metallurgy that are left us, since our metallurgists are gone. A last attempt at "weight lifting," as Hughey calls it, will be made.


  December 18.


  The converted starches today, and heavy meals. Sunrise tomorrow afternoon, and tomorrow we will again get converted starch. This will be practically the end of our supplies of convertible materials. The sheets even, and towels have been taken, and locked in the food lockers! It reminds me again of the thief who stole such considerable supplies of food last fall. I believed, and still believe he hid them. I wonder where they are, and who he was?


  Moore, by the way, is the one who was stealing soap recently. All the soap mysteriously disappeared. He presented us with some artificial soap, equally effective as a cleanser, and explained what the peculiar flavor in our soup had been.


  Tomorrow we return to the message-relay point, Long, Rice and I. We hope there will be useful information awaiting us. In the meantime the others will begin the reduction of the metal. The ore will be placed in Reed's furnaces, a current of hydrogen passed over it, and the water resulting from the reaction collected.


  December 19.


  Midnight. We have returned with rather discouraging news. The scientists of Earth have tried and failed. They said that Moore was a genius--which we knew--and that they had had great difficulty in carrying out some of his


  reactions. Moore has explained (I should say apologized) that he has space to evacuate into, and can work under conditions they cannot procure.


  But their experimental animals all died. They ask us to report again in two weeks, the 27th. We shall. All the news of Luna and Earth exchanged. Earth interested in our work apparently.


  (A mild statement. Earth was wild, fought for it, demanded it. Inventors were struggling to perfect a radio wave that would go around a corner, and reach the camp itself. Any newspaper would have paid a fortune for it.)


  We returned rather late, with a great bulk of messages, but little help. Dr. Garner's sister sent a long message, and Laura (Dr. Duncan's younger sister) sent me a message. Most of the men have no living relatives.


  Moore said there was little helpful material, and some that he already knew from experience was wrong. Also some brother chemist suggested that we grow mushrooms. I wonder why he didn't make it chickens?


  Very tired now. We all tire easily on these artificial foods.


  December 20.


  Tired again, but this time from work in the reduction of the metals for our generator. The metal is all prepared, and the heavy castings have been poured, and are cooling slowly. The men working in shifts, as we want to finish this job before night overtakes us.


  December 21.


  The shafts have been cast, and are cooling. Tempering tomorrow. Nearly the whole day purifying the iron for the laminations.


  December 22.


  Laminations being cast now. The shafts finished, save for grinding. Rice tempered them by plunging them red hot into the Pool. He rigged a hoist to handle them. He has a lathe, and diamond tools and polishing materials to cut them!


  December 23.


  Rice has cut the shafts, and the laminations are completed. The men are now coating them with a first coat of rubber paint, after rough grinding them fairly smooth. The job will not be an easy one. An inverted winch will have to be our press--and not too good a one.


  December 24.


  Christmas Eve--but it isn't going to be much of a celebration this year, I fear. There are no normal organic materials left that can help us any.


  The inverted winch press performed as I suspected-- lacking any rigidity, the pile of laminations repeatedly slipped. It was luck rather than skill that none of us was hurt when the laminations skidded. Five tries led to no results. Work was knocked off until a suitable jig could be arranged. Having no timber to knock together, we must make a metal frame. Having no supply of bolts handy, it will have to be welded. And the laminations must be aligned accurately--and even so I fear that there will be a wild wobble to the mass when it is rotated.


  Bender decidedly unhappy at the moment. Our soups --may I never have to eat anotherl--contain some of Moore's stimulant, which he had warned us did not mix with alcohol. Bender felt that Christmas Eve called for a drink. He raided Moore's laboratory supplies for alcohol. The mixture resulted in a violent illness combined with an extreme chill and uncontrollable trembling. He was extremely angry with Moore for making it impossible for him to celebrate Christmas Eve in traditional fashion.


  December 25.


  Our third Lunar Christmas.


  The ancient songs sound better in our Castle than they did in the Dome--and Moore achieved the near-impossible. The dessert for Christmas Dinner was a real gelatine-like substance of excellent flavor. The protein material was solid--somewhat more so than necessary or intended, perhaps, but even though it was somewhat rubbery, the presence of solid food gave a festive air to the occasion.


  It was a case of "We shall rest, and faith we need it!" today. Practically nothing was accomplished; the pool was overworked, and the most active group was assembled in front of a board King fixed up out of a mixture of pumice dust and plastic goo, engaged in throwing darts. It is surprisingly tricky; however accustomed we are to lunar gravity in our two-plus years here, we still can't overcome the trajectory habits of the previous years in Earth's heavier field.


  King, naturally, won. He's been throwing darts at that board since he made it a week ago, it seems.


  December 26.


  Laminations in place. Winding begins tomorrow. I will be in charge of this, Rice assembling his turbine now, and the compression chamber, as he calls it. It will not be a true boiler. The feed will come from the rocket-ship fuel tanks, as the largest high compression tanks.


  Reed and King back at their furnaces, eating into the great pile of gypsum accumulated, refilling all our gas tanks, and pumping into the huge tank-rooms. No water going to the pool now, as all is needed to fill the tank-rooms.


  December 27.


  One coil wound, and our backs, hands, and arms are aching terribly. I thought this silver wire soft till I tried bending it snugly about the armature and field coils! I can scarcely write.


  December 28.


  Field done. The work was easier today, as we have learned more. The plastic varnish is drying on it now. It seems an unwieldy piece, but looks efficient. One gang was busy tearing out the tractruck generating system, and this evening we moved the new generator frame in. Rice has placed the bearings, a babbit metal of his own composition. He gathered all the old cans at the Dome to secure the tin and lead. The armature is well underway.


  December 29.


  Generator completed save for brush assembly! The turbine case has been placed, and aligned. Rice is so uncertain of his shafts that he has a universal joint between the generator and turbine, both machines mounted on very stiff springs.


  The crew has returned to mining, and I to Rice's workroom, where the turbine is being assembled. We must finish it before the sun sets, or we will be quite literally powerless. Page 110


  Tankroom No. 1-H and l-O show 800 pounds each. The full charge will be 6000 pounds, however. It is rising at 600 pounds a day now that the full power is turned into the operations there. Hitherto our operations have consumed a good deal.


  December 30.


  Turbine assembly set up in power room, brush assembly placed on generator, and connections to power board bus bars made. Only the compression chamber to be attached. Test tomorrow evening. We are calculating on 2000 horsepower. All apparatus in place this evening, only adjustments to be made. Rice claims less than thirty seconds needed to get up to full pressure in his compression chamber and ten to bring the apparatus to speed.


  December 31.


  At eleven o'clock this morning the test was made before the assembled company. It took just twenty-five seconds to get up pressure, and in thirty the speed had mounted to the value we wanted. The voltage was five higher than we had planned, and then the load was put on. The machine slowed, but quickly picked up as Rice's automatic controls increased the fuel. By some freak of good luck, it did not quiver, or move, it was perfectly vibrationless, and remarkably quiet! With our crude equipment, that was necessarily chance.


  The full load was applied gradually, and when a full 2000 horsepower were being generated the voltage was at just the point we wanted with the brushes set as they were. We could still advance these slightly, and finally we got 2300 horsepower without undue heating. The generator is a huge success!


  A fan is attached which maintains a circulation of air through the power room, and carries the heat to the higher passages which tend to grow very cold toward dawn.


  January 1,1982.


  New Year's Day.


  In frank assessment, I can't promise myself another. But equally, I can see that the men have accomplished truly worthwhile things here. If only Hughey and Moore had small experimental animals to work with, we might be able to find out something about this mysterious living-matter unknown that we are lacking. But, when we came, we did not foresee the need for biological experiments!


  Today was a semi-holiday; some light work that the men felt had to be done,- or wanted to do, was accomplished, but actually we've been playing the part of kids


  with a new toy. Every one of us was very directly responsible for the success of the new generator, and none of us quite admits that it was more luck than skill that made the armature balance so perfectly. So today the new turbo-generator system has been working, but we haven't.


  We can't seem to.get enough rest to dissipate the feeling of lethargy, however.


  January 2.


  Mining resumed. Our production is falling off, as we are growing weaker. The last of the books, the last of the clothes, bedclothes, and towels have gone. We are sleeping on our pneumatic mattresses alone now. There is nothing more we can convert.


  Nevertheless, a considerable amount has been accomplished, and the tank-rooms are up to 2700 pounds now. The pool has not gained more than two feet, as nearly all the water has been converted directly to gas.


  January 3.


  Tank rooms now up to 3300 pounds. We have been mining steadily, and making some photo-cells..,We are weakening rather rapidly now; most of our fat has gone. Despite the fact that we are consuming more than enough energy, we cannot even retain our weight. Apparently it has never before been known how rapidly the human body wears out.


  January 4.


  We go to the message-relay point tomorrow, and I am retiring early. I am exhausted, though I have not worked very heavily today. But 500 pounds gain in the tank-rooms, making a total now of 3800. Still 2200 pounds more to go for No. 1 group.


  My face is hollow, and cheeks sunken, as with all of us, save Bender who seems to be weathering the storm better. He is on the photo-cell detail, though on the 23rd he went after silver ore. Our limbs are all well rounded, heavily flushed. They are swollen, but give a deceptive appearance of health. We are wearing only woolen trousers and woolen socks, with our thick rubber shoes. These cannot be converted anyway. Everything that can be is gone. Cuts and abrasions are curiously slow in healing, frequently tending to grow larger instead of smaller.


  January 5.


  We have returned, but our landing this evening was poor. The sun has set, and it may have been shadows from the floodlights, but I think it was principally because I was very tired, and sleepy. The heavy undercarriage springs were broken, and the hull slightly dented. A sharp bit of rock broke a small hole in it. Rice thinks he had best repair it. Bender, who is the strongest of us now, will help him.


  There was no help waiting us. Earth has learned only that the animals all die--and can give us no details of the death. I think they can, but our request for full accounts were answered by saying that the information was not to hand.


  (Duncan was correct in his belief. Dr. Hugh R. Mon-roe who did much of the hurried work was actually with the operators, but refused to send the requested information. )


  The rocket ship is nearing completion of repairs. There was little news.


  January 6.


  The power of the new generator is making itself felt. We do not feel comfortable if the temperature falls below 80deg. F. and we have large heaters set up near our work to keep us warm. The machines are doing more and more of the work, and we are doing as little as possible now. When the room we are now working on it finished, we will cease work, save during the day of Loon.


  This will be finished tomorrow.


  We have enough water stored in the pools and tanks now to supply the fuel for the rocket's return. The reduction to gas requires no labor.


  January 7.


  The mining work is finished. It will furnish a supply for two days at the furnaces. After that only electrolysis will be attempted. There are enough electrolyzers now to consume all the power of our photo-cell banks, and the power needs of the Castle will complete the load.


  Moore says he has enough food-syrup on hand to last the rest of our stay here, but will continue work for a while next lunar day.


  We are starving now, but curiously we don't feel hungry, only very tired, and arms and legs and backs ache. And thanks to Moore's stimulants we feel happy.


  January 8.


  Garner, Hughey and Moore and I were called into session today in Garner's office. Did I say that Garner's room had a separate office connecting?


  The discussion concerned Bender. He is as strong and active as ever, his face well filled, his legs and arms are "not swollen, but growing fatty. Hughey and Moore agree that this can only be because he is getting a natural food supply somewhere, which, with the food-syrup he is getting with us, is rapidly increasing his weight. Garner has asked me to watch him for the source of his supply. We are all agreed now that Bender was the food thief.


  Tonight I thought I saw a thoughtful, calculating look about him as he surveyed us one at a time. Poor Melville was lecturing on astro-physics. With least body material to use, he is, I fear, failing rapidly. His leg stump is badly


  swollen. I wondered what Bender was thinking of. Later he steered the conversation around to the value of the metals we have been using here, and the diamonds. It was agreed among us that diamonds would be worthless, for if such as these were brought to Earth, the entire diamond market would be broken. The osmiridium alloy got the vote as most useful discovery--in financing other expeditions.


  January 9.


  1 failed in my watch last night. Bender's room is far away from mine, and I could only see the light shining from his doorway from my room. I was sitting in the dark and fell asleep. I was very tired.


  I have enlisted Rice who rooms next to Bender. We are convinced that Bender brought the stolen food in from the Dome, or wherever he had cached it when he went after the last load of silver. He will be sent after another supply of silver tomorrow, and his room will be searched.


  January 10.


  Bender grumbled at the trip, but as the strongest of us had to go. A careful search revealed nothing whatsoever in his room, and it would be impossible to hide it on his person. The room is too bare to allow of any hiding places. Kendall's pictures are intact, and assure us that the walls have not been tampered with. Bender is becoming surly and arrogant.


  Rice reports he saw nothing last night.


  January 11.


  Bender was violently sick today, and I told the others of the trap I had set last fall when food was being stolen, a large portion of a sickening compound Hughey gave me. We know it is Bender now, but can do nothing. He is stronger by far than we are. I have a plan I shall suggest tomorrow morning. We must get that food. Bender knows we suspect him now.


  But he is safe in laughing at us. We have no guns, save, a Very rocket pistol for signalling. No weapons whatever.


  January 12,10 A.M.


  The plan has been proposed and accepted. Ripe disconnected the lock feed wires, and now entrance cannot be gained from without till we restore this power. Bender is outside with 12 hours oxygen in his tank, so he believes. Actually he has but one hour's supply. Garner, from inside the lock is pushing notes through. We have demanded that he tell us where the stolen food is, and told him of the tampering with his tank.


  He threatens to destroy the photo-cell banks. He hasn't oxygen enough to climb to them and back to a lock.


  10:30 A.M. Bender cursing us, and refuses to tell where it is. Says he's going to keep us from it. He wants enough of us to die off so there'll be load capacity enough on the rocket ship to carry back precious metals. If he is the sole survivor, as he hopes to be, he will claim the mines. At least he can take thousands of dollars worth of osmiridium. Calls us fools and insane to take loads of instruments back when we could take precious metal to outfit half a dozen expeditions. Only reason he joined was to get a share in the mines he had heard would be found, and when he learned we intended to turn all the mines over to our backers and keep nothing for ourselves, he began to steal the food, hoping he could live to file a claim.


  10:45. Oxygen giving out. Bender is weakening.


  10:50. He has told us where the food is, inside his pneumatic mattress, and demands to be let in. Investigating. He told the truth. Almost the whole hour had


  passed, and Bender was unconscious when brought in. The food has been put in my care, and I have hidden it, telling only Garner and Moore where it is. Moore says by conversion he can get more out of it than nature put in. We don't need it's food value now.


  Bender is raving; he threw us off when he regained consciousness. It seems he intended to come in before he became unconscious, and re-capture the food. Bender must be eliminated. We are not safe.


  January 13.


  Moore took but one pound of food, but by conversion made it work wonders. We have each gained half a pound already. Bender is watching me closely. It makes me feel very uncomfortable, as he is much the stronger.


  Garner got some of the food out today while Bender trailed me up to the rocket-hangar. This is unendurable.


  January 14.


  Bender has found the food again. Now we do not know where it is, and he refuses to leave the Castle, naturally. He will scarcely leave his room, and forced us to bring him Moore's food syrups as he doesn't feel safe he says when too many of us are around him. If we did not he would naturally take more of the natural food he has. We are desperate.


  January 15.


  The suspense and troubles will end tomorrow. Page 117


  January 16.


  Bender has been executed. Rice re-arranged the switchboard wiring, and inserted a radio interrupter-transformer capable of delivering 5000 volts, in such a way that grasping the main circuit breaker would be fatal. Then he cut the rheostat to dim our lights, cut it up, then down, and gave a scream. The lights remained dim. He


  lay down on one side, Hughey and Garner pretending to work over him, while I went to call Bender as reserve electrician. He kept his eyes on us and reached for the circuit breaker.


  He has been buried half a mile from the Castle on a low ridge. It was heavy work for four of us to carry him, despite the lunar gravity. We will have to find the food now.


  January 17.


  The food was easily found today, and natural rations resumed. We are all much depressed by what has happened.


  Melville does not seem to be recovering properly, and Hughey is much afraid.


  January 18.


  Shortly after two o'clock this morning we were wakened by a weak cry from Melville's room. We found his bunk soaked with blood, flowing freely from his stump. Hughey did everything in his power to check it, but tourniquets would check it only temporarily, so long as they were in place. A tourniquet was maintained, but Melville had lost too much bood. He died shortly before seven o'clock. The membrane covering his wound, the new flesh, had been dissolved away during the period of starvation.


  He has been buried on the highest peak of the Cliff above the Castle. Only two days ago we buried another of our party, the man responsible perhaps for Melville's death, and struggled under his weight. Melville was not a heavy load.


  January 19.


  Sunrise tomorrow. No more mining will be done. We spend almost all of our time lying on the pneumatic mattresses in our rooms, and 'bathing in the heat of the electric radiators. We seem to have no energy, but we should improve soon. We have gained over a pound apiece now.


  January 20.


  Sunrise this afternoon, and all the electrolyzers were started. Reed, King, Rice, and I worked at the furnaces, and succeeded in getting what gypsum we had mined into them. Now the electrolyzers are drawing solely on the water from the pool. The pressure in the tankrooms is rising steadily.


  The natural food Bender had stolen is almost completely gone, but one more meal can be served, and we have gained back but two pounds.


  Moore has gained four pounds, as I gave him an extra ration of the natural food without his knowledge. We must have his help.


  January 21.


  Tankroom No. 1-0 and H are full, and the second group is being charged. All the fuel used during the night has been restored. Moore and Tolman are working together now to make the last steps of the food processes as automatic as possible, and I, with Dr. Hughey and Rice, am learning how to operate the mechanism. It draws an enormous amount of power. Moore says we must get more materials at once, while the new strength we have gained from the natural food is with us.


  January 22.


  Page 119 We made a trip to the carbide mine today, and brought back nearly a ton. It was all the six of us could do to haul it back, yet tomorrow we must get nitrides. I am exhausted, my muscles ache painfully, and a tremendous feeling of lethargy overpowers me. All the men are extremely lethargic.


  January 23.


  Only three quarters of a ton of nitride ore could be brought in, as King fell down on the way back, and seemed to hurt himself seriously. He could not walk, and ore was dumped off, while he was put on our sledge.


  Our crew cannot make the trip next time, our legs are painfully swollen, and Dr. Hughey forbids it. King he says is suffering from a torn muscle. It has, apparently torn itself in two. It is extremely painful, but the pain is rapidly diminishing. King is under an hypnotic drug now. His leg, which was injured, seems sunken, and Dr. Hughey is fearful.


  January 24.


  A second crew of men went after the nitrides today. Moore and Garner were not permitted to go, and as that left but three, I went with them. Hughey, Rice, Kendall and myself. Little Kendall had a hard time of it, but did his best. We returned safely with a half a ton of limestone, to find King awake and comfortable. On examination Dr. Hughey told us that the torn muscle had been entirely dissolved away! A most horrible form of cannibalism! The body is feeding on itself, any injured member will be removed almost at once by the starving tissues. King says he feels much better. But his leg will be practically useless, as it was the great driving muscle of walking that was torn.


  January 25.


  I remained at the Castle today, in charge of power and equipment with Reed. The pool has fallen nearly five feet, but there is a pressure of one and a half tons in the tankroom. The other has a full two tons now.


  The mining group, Rice leading them this time, returned with phosphates and some magnesium. The load was light, but all were exhausted, their legs swollen with the work.


  Dr. Hughey says the great danger of our diet is that while the engine has plenty of fuel, and plenty of steam-pressure, it has lost strength in the pistons and boiler. In other words, while we have energy enough, our bodies are too weak to handle it. He advises reduction in our diet, and this has been done.


  January 26.


  Rice has broken his bad leg once more. It suddenly gave way under him while he was going down the corridor, and he fell forward heavily. He caught himself with his hands, and scratched them slightly. Dr. Hughey says this is dangerous. Rice has been put to bed, and his leg is in a cast. It cannot knit till he gets natural food, but it is in the right position.


  Rice has been our mainstay so long we cannot afford to lose sq generous and wholly helpful a companion.


  Dr. Hughey is more afraid of the small scratches. He has covered them, after thoroughly washing them with antiseptic, with collodion.


  Garner did not leave his bunk today. As the oldest of us he is suffering most. Hughey says quite seriously this may help him, if he ever gets food in time, because it is dissolving the excessive deposits of lime that age has given him.


  King seems to be getting along all right.


  January 27,


  King died early this morning. About three thirty he called to us, and we found him in agony. His injured leg was swollen horribly, and a purplish-red color, the skin distended like a bag. The leg muscle had evidently permitted a hemorrhage, and the blood had filled his leg, draining the body. He was very weak, and there was no way to revive him. A stimulant would simply increase the hemorrhage. Blood poisoning was apt to set in as it was. Dr. Hughey drained the leg, after applying a tourniquet.


  About eight o'clock King died. He has been buried beside Melville.


  We begin to understand what it was the doctors of Earth refused to send us, the information on our'probable manner of death.


  Hughey has ordered an absolute minimum of movement, lest more torn muscles result.


  January 28.


  Four days to sunset. The rocket ship relief will be due February 19, Long thinks. That is 22 days. Except for injuries we should be able to live until then.


  The tankroom No. 2 registers three quarters full, and some eight feet of water remain in the deep end of the pool.


  We are doing almost nothing, and since our energy-diet has been reduced, the lethargy, when motionless, and the feeling of abundant energy when moving has left us. We are more normally weak.


  The indefatigable Rice, not to be handicapped by the broken leg, has been working several days in his workshop, moving in a wheel chair, and has at last produced a tiny steam driven automobile for himself. He is working on more. Despite Hughey's dire predictions, and thanks to his care, Rice's scratches have not grown, although neither have they diminished in size.


  January 29.


  Rice has presented me with one of his little steam driven cars. Moved by a tiny two-cylinder steam engine, carrying oxygen and hydrogen fuel tanks, they save enormous labor in moving about the all too extensive halls of our Castle. Where once we gloried in this freedom of movement, now we curse it, for the journey from the Hall to our rooms is long. The cableway is long since gone, and the car can move up and down easily. It will carry two people, and I act as ferryman frequently in bringing the others up, while Rice does the same. I use two tanks of each fuel (hydrogen and oxygen) a day.


  January 30.


  Hughey has asked Rice to stop his efforts. They are too dangerous. He has made three cars in all now, and just before evening finished a trailer one of the cars can draw.


  The tankroom registers nearly full pressure now, and all fuel tanks for tonight are full. The tankrooms represent our homeward trip, and we watch the gauges with anxious hope.


  More and more we appreciate the delicacy of Rice's work, as the invaluable machines continue to function wholly automatically.


  January 31.


  Sunset tomorrow, and we believe the tankroom pressure will be nearly up to normal.


  Tolman has fallen into a stupor from which we cannot rouse him. He did not wake this morning, and has not wakened yet. Hughey fears it is the end. He has been injecting glucose and protein solutions directly into the blood, to supply the necessary energy for his heart-beat. He says it may be possible to sustain life even longer in this trance-like state, but he is doubtful.


  Our mattresses have been moved permanently to the Hall that we may be together. No longer does any of us want the solitude of our rooms.


  We have not left the Castle now in six days, save for funerals. All machine controls are inside. Moore says he has enough food-syrup to last at least three months on hand.


  February 1.


  Tolman is still alive, breathing very slowly, very evenly. Rice is resting quietly on his couch. Whisler was not energetic enough to move today, so wholly lethargic that for the second time in nearly three years he failed to get our meal. Moore has stopped work, but his machines continued functioning until sunset, turning out food that does us no good.


  I acted as cook, to the slight extent of getting supplies from the storeroom on the little steam car. We all feel sharply hungry, as none of us is able to prepare a meal in safety. We are no longer attempting to control the machines, they do much better when left alone. We could hear the turbine start automatically shortly before sunset, and the lights flickered & moment at the change over. The pumps stopped presently, and I went down to see the tankroom gauges. Thirty eight hundred pounds in each of the number two tanks.


  Rice and I have been preparing a written account of everything about the Castle, with detailed instructions on handling it in case of emergency, but with a preface advising that it be left strictly to itself. It is strange to think that these machines we have made with our own hands in our own Castle, wrested from the lifeless surface of the Moon, will continue to maintain the correct oxygen pressure, the correct temperature, keep all the tanks full and the air clean, the passages lighted, long after we are gonel


  Hughy has, with Moore, prepared a report on the probable best treatment for us when relief comes, with instructions as to what will be found in each of the numbered food-syrup jars. These documents will be left in the air-lock chamber. Instructions for operating the lock have been painted on the door. Night has fallen now.


  February 2.


  Today was Tolman's last day. He woke this morning about eleven, dazedly. He thought it was the thirtieth, and complained of pains in his abdomen. They got worse presently, and by noon he was writhing horribly. About two o'clock his abdomen collapsed on itself, and he went into a coma, and at 3:45 was dead. I have prepared a cyanide capsule for myself, and several of the others have, after seeing poor Tolman's death.


  We were too weak to transport him to Cemetary Crater, so he was carried on one of the steam cars up to the little rocket hangar, and there we left him, the air being pumped back into the Castle. In the vacuum of space his body will be preserved for burial when the Relief brings help.


  Our hair has been falling out for some days, and now we are all almost entirely bald, even eyebrows have gone. Our fingernails and toenails have also begun to drop out, and the quick of the finger, ordinarily protected by the nail, is exposed, and makes every motion agony.


  February 3.


  Our leader is gone. Garner, the originator and inventor of our ship, the man who gathered us together, and who's foresight kept us so comfortable here for the two long years of exploration, died this evening. He did not wake this morning, but about three he woke, complaining of pains in his abdomen as did Tolman. At three thirty-five he took the cyanide capsule, and died almost instantly.


  Our party is dwindling rapidly. Hughey, Rice, Moore, Whisler, Long, Kendall and myself alone remain. We do almost nothing. We have taken to smoking again, occasionally, and get no small comfort from it.


  But with Garner gone, we feel our expedition is doomed. He had cheered us up consistently. He has been laid with Tolman in the Rocket hangar.


  February 4.


  No food today. We do not need it, really, and we were too weak to get it. Even the operation of the steamcars seems beyond our strength. Hughey says it makes little difference.


  The steady, smooth purr of the dynamo in the power room makes us wish we too, were machines. Its enormous power, and our wholly diminished strength contrast so.


  Very difficult to write. All my finger-nails gone.


  February 5.


  Our teeth have been loosening for some days, and two of mine came out today. The gums are bleeding and I cannot stop it. It is slow, but steady. Hughey says it will be fatal, but he cannot reach me as he is across the room.


  February 6.


  Long's gums bleeding also. Weak. No more.


  Thomas Ridgely Duncan This marks the end of Duncan s diary.


  EPILOGUE


  ON JANUARY 30, against all advice, the Relief ship had taken off from Mojave on the long trip, after less than three weeks of training for the pilots. It shot into the heavens with all its power, striving to gather it's utmost speed before the detachable fuel-rocket tail was dropped. At a height of one thousand five hundred miles this was blown off, and hurled back. Now the main body of the rocket began to spout flame, and the ship continued on. Straight into space they bored, and five days later they were circling the Moon, in a steadily diminishing orbit, turning and moving with the utmost care as they accustomed themselves to the machine and the lesser gravity. They had located the Dome, and as they flashed around the satellite they sent back word to Earth. Then the door of the famous Castle was discovered, and radio messages sent. This was late evening of February 6,1982. They received no answer, and realized that the men were either dead, or so nearly so as to be unable to reach the apparatus. They strove desperately to reach the surface. Yet it was nearly noon, February 7, that they landed, a mile and three quarters from Page 126 the Castle, on an open space, the abandoned road to the Dome, actually.


  Hurriedly the men prepared to start, each loaded with his space suit, two tanks of oxygen, batteries for heating and light, and great quantities of food and medicines. They were: Rocket Pilot Donald Murray, Rocket Pilot James R. Montey, Rocket Engineer and Mechanician


  Bruce MacGregor and Dr. James Caldwell.


  They reached the sealed door of the airlock, hurriedly glanced at the instructions, which they had already memorized from Rice's messages sent over a month ago, and entered. The manuscripts inside were at once picked up, and glanced at before any move was made to enter further.


  Would the inner door open? The outer door was opened by hand, but the inner door operated electrically, and was controlled by the pumps. MacGregor threw the lever. The lights flashed on, and at once air rushed in, their distended suits relaxed somewhat, and the men rapidly released the air in them till they breathed the pure oxygen under three pounds pressure that was the Castle's atmosphere.


  The inner door swung open! A lighted corridor extended before them, branching ahead, bathed in white light from a dozen electric lights fixed in the ceiling. The air was clean and sweet, and from somewhere came a low, smooth drone, a generator, and the soft sugh-chugh-sugh of air purifiers. But no other sound!


  Caldwell halloed. No answer! Their hearts sank, as they ran forward, and turned down the corridor they knew lead to the main Hall and the men's quarters. New tunnels branched, tunnels not mentioned in the message sent, and five precious'minutes were wasted when they turned off into a wrong tunnel, lighted like the others, that had thrown Rice's careful directions askew.


  They found the right one, and hurried down. In the Hall they stopped. Seven emaciated caricatures of men lay on seven pneumatic mattresses. A thin trickle of blood seeped from the mouth of each, and from each finger end. Aghast Caldwell went to the nearest, Rice it was, and listened. Living! He called out quick orders, and these men, who, when not learning to subdue the


  treacherous rocket that had brought them, had been studying the little guinea pigs, starving on artificial foods, set to work. They knew what to do even better than Dr. Hughey had. Since the last message had been exchanged, the hitherto unguessed vitamin-like RB-X had been discovered, in every form of living matter, and now armed with this they fell to. Quickly Caldwell examined. One--two--three--seven! All living now. But would they survive.


  Hughey opened his eyes inside of three hours, Moore responded next. One by one--till only Whisler was left. He never opened his eyes again. Rice was last to revive, Kendall barely pulled through. But at last all were awake.


  Then, with the invaluable RB-X solution, the natural foods not only weren't wanted, but were not as good as those same starving artificial food syrups, for their digestive systems were ruined. In a day they were recovering, in a week they were moving about. When the next lunar noon came around, they were almost wholly recovered; enjoying once more the Castle, and mourning the friends lost. On February 22nd at sunset, the master switches were opened, the photo-cell banks brought in, and the locks closed behind them. The Relief ship, loaded now with the stores of hydrogen and oxygen, with instruments and documents, and the sad cargo of the dead, was ready. As the slow sun disappeared, the ship rose, and started back to Earth, a quarter of a million miles away.


  The Garner expedition was ended. The frozen hell of the Moon was left behind. But an enormous thing had been accomplished. Thirteen men, by the might of their brains, and the work of their hands, had wrested from Luna a living, and more, comfort. Had they but known of RB-X solution, they need never have feared. They had established an outpost! The Castle! What memories of the great and the famous that stirs in our minds today? Duncan--Rice--Johansen--Murgatroyd--


  In five years Luna was thoroughly explored, and the Castle was the base. Mines sprang up, other, and lesser, Castles appeared; and then the Lunar Government set the Castle aside as a National Monument. But before that Johansen had used it as his base for the trip to Mars, Murgatroyd had left there, never to return, but only to send back a ceaseless stream of messages from Venus, where he exiled himself, knowing he could not return.


  Today it is open to the public, with the wonderfully fine murals Kendall left as an enduring monument to the Garner Expedition, with the same crude, but staunch and dependable steam engines Rice made, the same little rocket ship, and the same generator. From the great tankrooms came the fuel that carried Johansen to Mars, and Murgatroyd to Venus.


  Today the Castle is as Duncan and Rice and their friends left it, save for a few more tunnels, a few new rooms. The pool is filled now, the tanks filled with their gases.


  It is an enduring monument to the adaptability, the determined resistance of Man. On the lifeless, barren Moon, they could not find comfort, so they made it.


  And by their example, made men follow!
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