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Prologue



 


  Nazi-occupied Norway, February 27, 1943


 

IN A STAGGERED line, the nine saboteurs cut across the mountain slope. Instinct, more than the dim light of the moon, guided the young men. They threaded through the stands of pine and traversed down the sharp, uneven terrain, much of it pocked with empty hollows and thick drifts of snow. Dressed in white camouflage suits over their British Army uniforms, the men looked like phantoms haunting the woods. They moved as quietly as ghosts, the silence broken only by the swoosh of their skis and the occasional slap of a pole against an unseen branch. The warm, steady wind that blew through the Vestfjord Valley dampered even these sounds. It was the same wind that would eventually, they hoped, blow their tracks away.

A mile into the trek from their base hut, the woods became too dense and steep for them to continue by any means other than on foot. The young Norwegians unfastened their skis and hoisted them to their shoulders. It was still tough going. Carrying rucksacks filled with thirty-five pounds of gear, and armed with submachine guns, grenades, pistols, explosives, and knives, they waded, slid, and clambered their way down through the heavy, wet snow. Under the weight of their equipment they occasionally sank to their waists in the drifts. The darkness, thickening when the low clouds hid the moon, didn’t help matters.

Finally the forest cleared. The men came onto the road that ran across the northern side of Vestfjord Valley toward Lake Møs to the west and the town of Rjukan a few miles to the east. Directly south, an eagle’s swoop over the precipitous Måna River gorge, stood Vemork, their target.

Despite the distance across the gorge and the wind singing in their ears, the commandos could hear the low hum of the hydroelectric plant. The power station and eight-story hydrogen plant in front of it were perched on a ledge overhanging the gorge. From there it was a six-hundred-foot drop to the Måna River, which snaked through the valley below. It was a valley so deep, the sun rarely reached its base.

Had Hitler not invaded Norway, had the Germans not seized control of the plant, Vemork would have been lit up like a beacon. But now, its windows were blacked out to deter nighttime raids by Allied bombers. Three sets of cables stretched across the valley to discourage low-flying air attacks during the day as well.

In dark silhouette, the plant looked an imposing fortress on an icy crag of rock. A single-lane suspension bridge provided the only point of entry for workers and vehicles, and it was closely guarded. Mines were scattered about the surrounding hillsides. Patrols frequently swept the grounds. Searchlights, sirens, machine-gun nests, and a troop barracks were also at the ready.

And now the commandos were going to break into it.

Standing at the edge of the road, they were mesmerized by their first sight of Vemork. They did not need the bright of day to know its legion of defenses. They had studied scores of reconnaissance photographs, read reams of intelligence, memorized blueprints, and practiced setting their explosive charges dozens of times on a dummy model of the target. Each man could navigate every path, corridor, and stairwell of the plant in his mind’s eye.

They were not the first to try to blow up Vemork. Many had already died in the attempt. While war raged across Europe, Russia, North Africa, and in the Pacific, while battalions of tanks, squadrons of bombers, fleets of submarines and destroyers, and millions of soldiers faced off against each other in a global conflict, it was this plant, hidden away deep in the rugged Norwegian wilds, that Allied leaders believed lay on the thin line separating victory and defeat.

For all their intricate knowledge of Vemork, the nine were still not exactly sure how this target could possibly be of such value. They had been told that the plant produced something called heavy water, and that with this mysterious substance the Nazis might be able “to blow up a good part of London.” The saboteurs assumed this was an exaggeration to ensure their full commitment to the job.

And they were committed, no matter the price, which would likely include their own lives. From the start, they had known that the odds of their survival were long. They might get inside the plant and complete their mission, but getting out and away would be another story. If necessary, they would try to fight their way out, but escape was unlikely. Resolved not to be captured alive, each of them carried a cyanide pill encased in rubber, stashed in a lapel or waistband.

There were nerves about the operation, for sure, but a sense of fatalism prevailed. For many months now they had been away from their homes, training, planning, and preparing. Now at least they were about to act. If they died, if they “went west,” as many in their special company already had in other operations, so be it. At least they would have had their chance to fight. In a war such as this one, most expected to die, sooner or later.

Back in England, the mastermind of the operation, Leif Tronstad, was awaiting news of the operation. Before the commandos left for their mission, he had promised them that their feats would be remembered for a hundred years. But none of the men were there for history. If you went to the heart of the question, none of them were there for heavy water, or for London. They had seen their country invaded by the Germans, their friends killed and humiliated, their families starved, their rights curtailed. They were there for Norway, for the freedom of its lands and people from Nazi rule.

Their moment now at hand, the saboteurs refastened their skis and started down the road through the darkness.


 

Part I



  1


The Water



 

ON FEBRUARY 14, 1940, Jacques Allier, a middle-aged, nattily dressed banker, hurried through the doors of the Hotel Majestic, on rue la Pérouse. Situated near the Arc de Triomphe, the landmark hotel had welcomed everyone from diplomats attending the Versailles peace talks in 1919 to the influx of artists who made the City of Light famous in the decade that followed. Now, with all of France braced for a German invasion, likely to begin with a thrust through Belgium, and Paris largely evacuated, a shell of its former self, conversation at the hotel was once again all about war. Allier crossed the lobby. He was not there on bank business but rather as an agent of the Deuxième Bureau, the French internal spy agency. Raoul Dautry, the minister of armaments, and physicist Frédéric Joliot-Curie were waiting for him, and their discussion involved the waging of a very different kind of war. 

Joliot-Curie, who with his wife, Irène, had won the Nobel Prize for the discovery that stable elements could be made radioactive by artificial or induced methods, explained to Allier that he was now in the middle of constructing a machine to exploit the energy held within atoms. Most likely it would serve to power submarines, but it had the potential for developing an unsurpassed explosive. He needed Allier’s help. It was the same pitch Joliot-Curie had given Dautry months before, one made all the more forceful by the suggestion that the energy held within an ordinary kitchen table, if unlocked, could turn the world into a ball of fire. Allier offered to do whatever he could to help the scientist.

Joliot-Curie explained that he needed a special ingredient for his experiments—heavy water—and that there was only one company in the world that produced it to any quantity: Norsk Hydro, in Norway. As an official at the Banque de Paris et des Pays-Bas, which owned a majority stake in the Norwegian concern, Allier was ideally positioned to obtain whatever supplies Norsk Hydro had at its Vemork plant as quickly and discreetly as possible. The French prime minister himself, Édouard Daladier, had already signed off on the mission.

There was one problem, Allier said. Only a month before, the chief lawyer for Norsk Hydro, Bjarne Eriksen, had visited him in his Paris office. According to Eriksen, the Germans were also interested in the production at Vemork. They had placed a number of orders and had suggested that they might need as much as two tons of heavy water in the near future. Startled by the demand for such vast quantities—and denied any information about how the material might be used—Norsk Hydro had yet to fulfill more than twenty-five kilograms of these orders.

This report troubled Dautry and Joliot-Curie deeply. The Germans must be on the same track with their research. Allier needed to move—and fast—to secure the stock before the Germans did. If there was trouble in bringing it out of Norway, he was to see that the heavy water was contaminated, thus rendered useless for experiments.

Two weeks later, Allier headed across the vast hall of Paris’s Gare du Nord and boarded a train to Amsterdam. He was traveling under his mother’s maiden name, Freiss. Concealed in his briefcase were two documents. One was a letter of credit for up to 1.5 million kroner for the heavy water. The other gave him the authority to recruit any French agents required in smuggling out the supply. Short of the false beard, Allier felt like he had all the accouterments of a hero in the spy novels he loved.

From Amsterdam he flew to Malmö, Sweden, then took a train to Stockholm. There he sat down with three French intelligence agents, tasking them to meet him in Oslo a few days later. Early on March 4, Allier traveled by train to the Norwegian capital, arriving into Eastern Central Station. At the French Legation, he learned that his cover was already blown. An intercepted message from Berlin’s spy agency, the Abwehr, had been deciphered. “At any price,” it read, “stop a suspect Frenchman traveling under the name of Freiss.”

Allier was undeterred. He left the legation and rang Norsk Hydro from a public phone booth. Within the hour, he entered the company headquarters at Solligata 7, a short distance from the royal residence of King Haakon VII. In a meeting with Dr. Axel Aubert, Allier made his offer to buy the company’s stocks of heavy water. He said nothing about their intended use, unsure that he could trust Aubert. The tough, long-standing director general, who looked like he chewed stones for breakfast, was clear: his sympathies were with France; he had refused the Germans any great quantities of heavy water, and he would provide Allier with whatever he needed.

The next day, Allier traveled by car to Vemork, one hundred miles from the Norwegian capital. Aubert followed. Their arrival was unannounced.

 

For thousands of years, water had run plentifully throughout the high wilderness plateau of the Hardangervidda in Telemark, a region west of Oslo. Much of this water, a vast flow, descended from the Vidda into its natural reservoir at Lake Møs. Then the river Måna carried the water for eighteen miles through the steep Vestfjord Valley to Lake Tinnsjø. 

The river’s flow changed when Norsk Hydro, a burgeoning industrial giant, built a dam at the lake’s outlet in 1906. The company redirected the water through tunnels blasted out of the rock, which ran for three miles underground before they reached the Vemork power station. From there, the water fell 920 vertical feet through eleven steel pipelines into turbine generators that produced 145,000 kilowatts of electricity. It was the world’s largest hydroelectric power station.

A fraction of the water, roughly sixteen tons an hour, was then directed into a hydrogen plant, also the world’s largest, thirty feet away on the edge of the cliff. There it flowed into tens of thousands of steel electrolysis cells, which consumed almost all of the power generated at the station. Currents of electricity running through the cells split the water’s two hydrogen atoms from its lone oxygen one. These separated gases were then pumped down to chemical plants in Rjukan, at the base of the valley. A company town, Rjukan had seven thousand residents most of whom worked for Norsk Hydro. The hydrogen was primarily used to make fertilizer—a huge market.

A fraction of this water, which had by now coursed from the Vidda to Lake Møs through tunnels, then pipelines, then electrolysis cells, was sent through a cascade of specialized electrolysis cells that terminated in a basement cellar at Vemork. The water was then reduced and further reduced until it amounted to a steady drip similar in output to a leaky faucet. This water was now something unique and precious. It was heavy water.

The American chemist Harold Urey won the Nobel Prize for his 1931 discovery of heavy water. While most hydrogen atoms consist of a single electron orbiting a single proton in the atom’s nucleus, Urey showed that there was a variant, or isotope, of hydrogen that carried a neutron in its nucleus as well. He called this isotope deuterium, or heavy hydrogen, because its atomic weight (the sum of an atom’s protons and neutrons) was 2 instead of 1. The isotope was extremely rare in nature (.015 percent of all hydrogen), and there was just one molecule of heavy water (D2O) for every 41 million molecules of ordinary water (H2O).

Building on Urey’s work, several scientists found that the best method for producing heavy water was electrolysis. The substance didn’t break down as easily as ordinary water when an electric current ran through it, so any water remaining in a cell after the hydrogen gas was removed was more highly concentrated with heavy water. But generating the substance in any quantity demanded tremendous resources. A scientist noted that in order to produce a single kilogram (2.2 pounds) of heavy water, “50 tons of ordinary water had to be treated for one year, consuming 320,000 kilowatt hours [of electricity], and, then, the output had a purity no better than about ten percent.” That was a lot of electricity for a low level of purity in a very small quantity of deuterium.

In 1933 Leif Tronstad, a celebrated young Norwegian professor, and his former college classmate Jomar Brun, who ran the hydrogen plant at Vemork, proposed to Norsk Hydro the idea of a heavy water industrial facility. They weren’t exactly sure what the substance might be used for in the end, but as Tronstad frequently said to his students, “Technology first, then industry and applications!” They did know that Vemork, with its inexhaustible supply of cheap power and water, provided the perfect setup for such a facility.

They matched the plant’s natural advantages with an ingenious new design for the equipment. An early working plant, designed by Tronstad and Brun, had six stages. Think of a group of cans stacked in a pyramid. Now picture that pyramid upside down, with the single can at the bottom. In the Tronstad/Brun design, water flowed into the top row of cans—really 1,824 electrolysis cells, which treated the water (mixed with potash lye as a conductor) with a current. Some of the water was decomposed into bubbles of hydrogen and oxygen gas that were vacated from the cells, and the remainder, now containing a higher percentage of heavy water, cascaded down to the next row of cans in the pyramid (570 cells). Then it repeated the process through the third (228 cells), fourth (20 cells), and fifth (3 cells) rows of electrolysis cells. However, by the end of the fifth stage, with a huge amount of time and power exhausted, the cells still contained only 10 percent deuterium-rich water.

Then the water cascaded into the bottom can of the pyramid. This sixth and final phase was called the high-concentration stage. Set in the cavernous, brightly lit basement of the hydrogen plant, it actually consisted of seven unique steel electrolysis cells lined up in a row. These specialized cells followed a similar cascade model to concentrate the heavy water in each cell. But they could also recycle the gaseous form of deuterium back into the production process, while it was essentially wasted in the other stages. As a result, the heavy water concentration rose quickly from one cell to the next. By the seventh, final cell in this high-concentration stage, the slow, steady drip had been purified to 99.5 percent heavy water.

When the Vemork plant started production in earnest using this method, scientists around the world heralded it as a breakthrough, even though heavy water’s application remained uncertain. Because it froze at four degrees Celsius instead of zero, some joked it was only good for creating better skating rinks. Tronstad, who served as a consultant to Norsk Hydro and left the running of the plant to Brun, believed in the potential of heavy water. He spoke passionately of its use in the burgeoning field of atomic physics, and of its promise for chemical and biomedical research. Researchers found the life processes of mice slowed down when they were given minute amounts of heavy water. Seeds germinated more gradually in a diluted solution—and not at all in a pure one. Some believed that heavy water could lead to a cure for cancer.

Vemork shipped its first containers of heavy water in January 1935 in batches of ten to one hundred grams, but business did not boom. Laboratories in France, Norway, Britain, Germany, the United States, Scandinavia, and Japan ordered no more than a few hundred grams at a time. In 1936 Vemork produced only forty kilograms for sale. Two years later, the amount had increased to eighty kilograms, a trifling amount valued at roughly $40,000. The company placed advertisements in industry magazines to little avail: there simply wasn’t sufficient demand.

In June 1939 a Norsk Hydro audit of this small sideline business showed it to be a loser. Nobody wanted heavy water, at least not enough to make it worth the investment, and the company abandoned the venture. 

But only months after Brun shut off the lights in the basement and dust started to gather on the seven specialized cells in the high-concentration room, everything changed—and quickly—just as it had in the field of atomic physics.

 

For decades, scientists had been plumbing the mysteries of “atoms and void,” which was how the ancient Greeks described the makeup of the universe. In dark rooms, experimenters bombarded elements with subatomic particles. Theoreticians made brilliant deductions on the blackboard. Pierre and Marie Curie, Max Planck, Albert Einstein, Enrico Fermi, Niels Bohr, and other scientists discovered an atomic world full of energy and possibilities.

The English physicist Ernest Rutherford observed that heavy, unstable elements such as uranium would break down naturally into lighter ones such as argon. When he calculated the huge amount of energy emitted during this process, he realized what was at stake. “Could a proper detonator be found,” he suggested to a member of his lab, “a wave of atomic disintegration might be started through matter, which would indeed make this old world vanish in smoke . . . Some fool in a laboratory might blow up the universe unawares.”

Then, in 1932, another English scientist, James Chadwick, discovered that proper detonator: the neutron. The neutron had mass, but unlike protons and electrons, which held positive and negative charges respectively, it carried no charge to hinder its movement. That made it the perfect particle to send into the nucleus of the atom. Sometimes the neutron was absorbed; sometimes it knocked a proton out, transforming the chemical element. Physicists had discovered a way to manipulate the basic fabric of the world, and with this ability, they could further investigate its many separate strands—and even create some of their own.

Using radon or beryllium as neutron sources, physicists began flinging neutrons at all kinds of elements to produce changes in their nature. Led by the Italian Fermi, they found this process particularly effective when the neutrons had to pass through a “moderator” of some kind, which slowed their progress. Paraffin wax and plain water proved to be the best early moderators. Both contained lots of hydrogen, and when these hydrogen atoms collided with the neutrons (which had the same mass), they stole some of their speed, much like when two billiard balls collide. Bombarding uranium with neutrons in this manner brought the most mysterious results, including the unexpected presence of much lighter elements.

In December 1938 two German chemists, the pioneering Otto Hahn and his young assistant Fritz Strassmann, proved that a neutron colliding with a uranium atom could do more than chip away at its nucleus or become absorbed within it. The neutron could split the atom in two—a process called fission. By early January 1939, word of the discovery had spread, bringing great excitement to the field of atomic research: Why, how, and to what effect had the uranium atom split?

Springboarding off an observation by the Danish theorist Niels Bohr, physicists realized that the uranium atom’s nucleus had acted like an overfilled water balloon. Its “skin” was stretched thin by the large number of protons and neutrons inside, and when a neutron was shot into it, it formed a dumbbell: two spheres connected by a thin waist. When the tension on the skin finally became too much, it snapped, and the two spheres—two lighter atoms—were flung apart with tremendous force, an amount equal to the energy that had once held the nucleus together (its binding energy). Researchers were quick to come to a figure, too: 200 million electron volts—enough to bounce a single grain of sand. A tiny amount, perhaps, but given that a single gram of uranium contained roughly 2.5 sextillion atoms (2.5 x 1021), the numbers alone obscured the potential energy release. One physicist calculated that a cubic meter of uranium ore could provide enough energy to raise a cubic kilometer of water twenty-seven kilometers into the air.

The atom’s potential power became even clearer when scientists discovered that splitting the uranium nucleus released two to three fast-moving neutrons that could act as detonators. The neutrons from one atom could split two others. The neutrons from these two split four more. The four could cause the detonation of eight. The eight—sixteen. With an ever-increasing number of fast-moving neutrons flinging themselves about, splitting atoms at an exponential rate, scientists could create what was called a chain reaction—and generate enormous quantities of energy.

Which prompted the obvious question: To what purpose? Some conceived of harnessing the energy release to fuel factories and homes. Others were drawn to—or feared—its use as an explosive. Within a week of Hahn’s discovery, American physicist J. Robert Oppenheimer sketched a crude bomb on his blackboard.

Fermi, who had immigrated to the United States, trembled at the thought of what might come. Staring out the window of his office at Columbia University, he watched students bustling down the New York sidewalks, the streets crowded with traffic. He turned to his office mate, drew his hands together as if holding a soccer ball, and harked back to the words of Rutherford. “A little bomb like that,” he said solemnly before looking back outside, “and it would all disappear.” Given the aggression shown by Nazi Germany by the end of summer 1939, such a bomb, if it could be built, might be needed in a world on the precipice of war. Plans to obtain it were rapidly put together on both sides.

 

By annexing Austria and occupying Czechoslovakia, Adolf Hitler had managed to pursue his goals without a fight until September 1, 1939, when at 4:45 a.m. his 103rd Artillery Regiment sent its first “iron greetings” into Poland. Panzer tanks swept across the border and bombers shot eastward overhead. The German Blitzkrieg had begun and, Hitler promised, bombs would be met with bombs.

Britain and France responded with a declaration of war. On September 3, Winston Churchill, First Lord of the Admiralty, rose in the House of Commons and said, “This is not a question of fighting for Danzig or fighting for Poland. We are fighting to save the whole world from the pestilence of Nazi tyranny and in defense of all that is most sacred to man.”

Less than two weeks later, on September 16, German scientist Kurt Diebner sat in his office at the headquarters of Berlin’s Army Ordnance Research Department, Hardenbergstraße 10, waiting for the eight German physicists he had ordered to report for duty a few days before. “It’s about bombs,” he told the recruit who drafted the list of attendees. 

Thirty-four years of age, Diebner was a loyal Nazi Party member with a presence as modest and retreating as his hairline. His suit fit too tightly over his short, thin frame, and he wore round schoolboy spectacles that constantly threatened to slip off his nose. In meetings, his words came out halting and unsure. But despite his appearance and manner of speech, he was an ambitious and eager man.

Born into a working-class family outside the industrial city of Naumburg, Diebner got himself into university by dint of hard work and cleverness. First at Innsbruck, then Halle, he studied physics. While some of the other students dined out and had the means to care about the cut of their suits, he lived a threadbare existence. Drawn to the experimental side of physics, he worked diligently in the laboratory, his aim being to find a position as a university lecturer—and to achieve the salary and prestige that came with it. While a student at the University of Halle, Diebner joined an esteemed fencing club, an important rung on the social ladder, and earned several scars on his face from duels.

Diebner gained his PhD in atomic physics in 1931. In 1934, the year Hitler became the führer of Germany, he joined the Army Ordnance Research Department, where he was tasked with developing hollow-shaped explosives. For years he pushed his boss to allow him to create an atomic research division instead. Such work, he was told, was “malarkey,” with no practical use. But rapid advances in the field in 1939 made it clear that atomic physics was anything but malarkey, and Diebner was finally given the mandate to form a team.

When those among the best and brightest in German science arrived at Hardenbergstraße that mid-September day, they carried suitcases, not sure of where they were going to be sent. When they saw that it was Diebner who greeted them, they shook his hand enthusiastically, knowing that at least they were not to be delivered to the front. They assembled in a conference room and were told that German spies had discovered that the United States, France, and Great Britain were pursuing projects in nuclear fission. This much was already well known to the attendees. They had all read, and some had contributed to, the rush of international journal articles on the subject. Now that war had been declared, the curtain on this open theater of science had fallen. Diebner informed them that they had been called together to decide whether or not it was possible, in practice, to harness the atom’s energy for the production of weapons or electricity.

One of the men in the room was already dedicated to the former goal. In April, Paul Harteck, a physical chemist at the University of Hamburg, had sent a letter to the Reich Ministry of War explaining recent developments in nuclear physics. In his estimation, he wrote, they held the “possibility for the creation of explosives whose effect would excel by a million times those presently in use . . . The country which first makes use of [this explosive] would, in relation to the others, possess a well-nigh irretrievable advantage.” Harteck believed the assembled group should pursue any such advantage.

Otto Hahn, on the other hand, was distraught that his discovery was now being developed into a weapon to kill. He tried to extinguish any enthusiasm for the endeavor by pointing to the many technical challenges involved in engineering an explosive or designing a machine to produce energy.

He noted from recent studies that it was the atoms of the rare uranium isotope U-235 (atomic weight 235: 92 protons, 143 neutrons) that fissioned most readily. Meanwhile, its more common cousin, U-238 (92 protons, 146 neutrons), tended to absorb neutrons that struck its nucleus, stealing their potential to foster a chain reaction. And unless fast-moving neutrons released from a split atom were properly slowed, the probability of U-235 fissioning was small. Natural uranium was made up of only seven parts U-235 for every thousand parts of U-238, and no method to separate the two isotopes existed. Furthermore, they would need to find an efficient moderator for U-235. Given all this, and likely other unseen challenges, Hahn believed that attempting to harness the atom for use in the current war was a fool’s errand. 

The debate continued for hours, until the scientists finally reached a consensus: “If there is only a trace of a chance this can be done, then we have to do it.”

Ten days later, on September 26, Diebner called another meeting of his “Uranium Club.” This time Werner Heisenberg attended. Heisenberg was considered the leading light of German theoretical physics, particularly after Hitler’s rise had forced Albert Einstein and other Jewish physicists to flee the country. Initially, Diebner had resisted his inclusion in the group, because he wanted experimenters, not theoreticians, and because Heisenberg had called Diebner’s academic research “amateurish.” But those Diebner did recruit urged him to reconsider: Heisenberg had won his Nobel Prize at the tender age of thirty-one, and he was too brilliant to leave out.

Heisenberg proved to be a useful addition to the club. By the end of that meeting, the group had its orders. Some, like Harteck, would investigate how to extract sufficient quantities of U-235 from natural uranium. Others, like Heisenberg, would hash out chain reaction theory, both for constructing explosives and generating power. Still others would experiment with the best moderators.

Heisenberg made quick work with the theory. By late October he’d started on a pair of breakthrough papers. If they separated the U-235 isotope and compressed sufficient quantities into a ball, the fast-moving neutrons would set off an immediate chain reaction, resulting in an explosion “greater than the strongest available explosives by several powers of ten.” Isotope separation, Heisenberg declared, was “the only way to produce explosives,” and the challenges of such separation were legion. But constructing a “machine” that used uranium and a moderator to generate a steady level of power was an attainable goal. After the machine went critical, the number of chain reactions would stabilize and it would sustain itself. The amount of U-235 was still key: they would need an enormous quantity of natural uranium in its processed purified form—uranium oxide—to provide suitable amounts of the rare fissile isotope.

On the subject of moderators, Heisenberg dismissed plain water as an option. Its hydrogen atoms slowed the neutrons enough to promote the fissioning of U-235, but they also captured them at too high a rate. This left two known candidates: graphite, which was a crystalline form of carbon, and heavy water. In graphite, the carbon atoms acted as the moderator; in heavy water, it was deuterium. Both should prove effective in slowing neutrons down sufficiently and reducing to a minimum the number of neutrons parasitically absorbed.

Once they had enough uranium and an effective moderator, Heisenberg concluded, it was simply a question of calculating the machine’s most efficient size (quantity of uranium and moderator), arrangement (mixed together or layered), and shape (cylindrical or spherical). His initial figures indicated that a sphere filled with at least a ton each of uranium and the chosen moderator separated in layers would be optimal. It was going to be big, but it would work.

Heisenberg gave Diebner the direction he needed to move forward—and the Nobel laureate’s reputation contributed to persuading others to follow this path. Experiments would continue to separate U-235, but most of the effort was now focused on building the uranium machine. If they were successful, they would prove at last the importance—and utility—of atomic physics. Constructing a bomb would follow.

In recognition of the Uranium Club’s work, Diebner was named head of the Kaiser Wilhelm Institute of Physics in Berlin, a body of preeminent reputation and the country’s most advanced laboratory. Heisenberg was appointed to the board as scientific adviser, to placate those who were upset at having Diebner, a physicist of no renown, directing the august institute.

By year’s end Diebner had dozens of scientists under his watch across Germany refining the uranium-machine theory and building the first small experimental designs. Progress had been made outfitting laboratories and ordering uranium oxide and other key materials.

Although the issue needed further study, the scientists’ calculations indicated that heavy water was the best presently known moderator. The Uranium Club would require a steady, robust supply of the precious liquid. Unfortunately, the world’s sole producer, Norsk Hydro’s Vemork plant, was far away in an inaccessible valley in Norway, a country whose neutral status in the war made it an unreliable partner. The plant had also only recently restarted heavy water production in November 1939 and could supply little more than ten kilograms a month. Diebner considered building a full-scale heavy water plant in Germany, though it would cost tens of millions of marks and consume a hundred thousand tons of coal for each single ton of heavy water. Before he made any such move, however, he and Heisenberg agreed that they needed to make sure heavy water was a viable moderator. For those experiments, twenty-five kilograms should do. Diebner had a representative of the German conglomerate IG Farben, which owned 25 percent of Norsk Hydro, put in the order, to conceal the involvement of Army Ordnance.

By January 1940, with more physicists in his group asking for their own supply, prospective orders had grown to one hundred kilograms a month, every month. Norsk Hydro wanted to know the purpose of such a large order, but with experiments using heavy water now labeled SH-200, a high-level military secret, the IG Farben representative offered only silence.

Not long after, the Norwegians did find out, from Jacques Allier, what that purpose was: the potential development of an atomic bomb.

 

When Allier visited Vemork on March 5, 1940, he presented himself merely as an official with Banque de Paris. Axel Aubert led the meeting with the plant’s lead engineer, Jomar Brun. From previously unsold supplies and the restart of production, the plant had a total of 185 kilograms at hand. All of it, Aubert told Brun, needed to be transported secretly to Oslo by truck. Brun asked to know why, just as he had asked why when Aubert had quietly told him earlier in the year to explore a fivefold increase in production to 50 kilograms a month. As before, Aubert declined to answer any questions and instructed that not a word of this special order was to be mentioned to anyone.

After settling these arrangements and finding a Rjukan welder to make twenty-six stainless-steel flasks that would fit neatly into suitcases, Allier returned to Oslo with Aubert to conclude their negotiations and prepare for spiriting the flasks out of Norway. The Norsk Hydro director general offered to give France the heavy water on loan, with no price attached, and told Allier that Norsk Hydro would provide France with first claim on what was produced in the future. Impressed by this generosity—and the alacrity with which Aubert had moved—Allier opened up about the intended use of the heavy water by Frédéric Joliot-Curie and his team.

On March 9, two trucks departed Vemork down the steep, ice-slick road. Brun rode in the first truck. At a nondescript house in Oslo, they unloaded the twenty-six flasks and entrusted them to Allier’s care. The house was owned by the French government and was a stone’s throw from an Abwehr safe house, but sometimes it was best to hide in plain sight.

To smuggle out the supply, Allier had grand visions of a submarine sneaking into Oslofjord and spiriting it away, but instead he settled for the old “bait and switch,” supported by the three French spies he had recruited in Stockholm. Through several ticket agents and under various assumed names, they booked flights on two planes leaving Oslo’s Fornebu airport at roughly the same time on the morning of March 12. One was headed to Amsterdam, the other to Perth, in Scotland. In case anything went wrong, they also bought seats on the same flights for two consecutive days after that.

At dawn on March 12, a frigid and cloudless morning, Allier and a fellow spy, Fernand Mosse, took a taxi three miles south of the city center to Fornebu. Dressed as businessmen, they made a big show of their upcoming trip to Amsterdam in front of the gate agents and baggage handlers who took their several large, heavy suitcases. Soon enough, they were crossing the tarmac toward the Junkers Ju-52 aircraft designated for their flight. Adjacent to their plane was an identical one, destined for Perth.

Once they were sure their baggage was loaded onto the Amsterdam-bound plane and its propellers began to spin, they readied to board. At that moment, a taxi drove onto the tarmac. Its passenger, Jehan Knall-Demars, another of Allier’s team, had pleaded with the gate agent to let him through in the taxi so he could make his plane to Amsterdam. The spy had the taxi park between the two Junkers, out of view of the Fornebu terminal. From the trunk, he unloaded several suitcases, together containing thirteen of the heavy-water flasks. These were hauled into the baggage hold of the Scottish-bound plane, which Allier and Mosse boarded, instead of the one to Amsterdam. Knall-Demars left in the taxi, hiding in the back as he passed through the gate.

Minutes later, the plane to Amsterdam barreled down the runway and lifted into the sky. As it headed south over the Skagerrak, the strait of sea between Norway and Denmark, a pair of Luftwaffe fighters drew alongside. They ordered its pilots to divert their course to Hamburg. When the plane landed in Germany, Abwehr agents busted open the cargo hold. Rummaging through the suitcases, they found a few that were particularly heavy. Inside them? Granite rubble.

Meanwhile, Allier and Mosse landed safely in Scotland with their stash. The following day, Knall-Demars arrived with the other thirteen flasks.

By March 18, all twenty-six flasks were stored in the old stone-arched cellars of the Collège de France in Paris. The first battle of heavy water was won. The next, however, was all too shortly to begin.
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The Professor



 

TO TRONDHEIM they came, in the dark, early hours of April 9, 1940, cutting into the Norwegian fjord at twenty-five knots. A northerly, snow-flecked gale swept across the steel decks of the German cruiser Admiral Hipper and the four destroyers at its stern. They approached the three forts guarding the entrance to the former Viking capital, all crews at action stations.

A Norwegian patrol signaled the intruding ships to identify themselves. In English, the Admiral Hipper’s captain returned that they were the HMS Revenge, there with orders from the British government to “proceed toward Trondheim. No unfriendly intentions.” As the patrol shined a spotlight across the water, it was blinded by searchlights from the Admiral Hipper, which suddenly accelerated to maximum speed, blowing smoke to obscure its whereabouts. Signals and warning rockets lit up the night. Inside the Norwegian forts, alarms rang and orders were given to fire when ready on the invading ships.

Fifteen minutes passed. Within the port’s batteries, the ammunition had to be loaded, then the electrical firing mechanisms failed. By the time the inexperienced Norwegian soldiers were prepared to respond, the Admiral Hipper was already steaming past the first fort. At the second fort, the bugler who should have sounded the alarm had fallen asleep at his post, and the men were late to their guns. The moment they opened fire, their searchlights malfunctioned and they could not see their targets.

At 4:25 a.m. the small armada set anchor in Trondheim’s harbor. Cutters began ferrying two infantry companies from the warships to the shore. All was sleepy in town as German soldiers spread out from the port into the defenseless streets. The Nazi invasion of Norway had begun.

 

In an auditorium at the Norwegian Institute of Technology (NTH), a twenty-minute walk from Trondheim’s harbor, students, teachers, and a handful of other community members had gathered. Word of the invasion had reached Leif Tronstad before the break of day, and while his children slept he had rushed to the institute. From the scarce reports he and the others had received, all of Norway looked to be under attack. Bergen, Stavanger, Kristiansand, and Narvik had fallen alongside Trondheim, but Oslo was rumored to be holding out. The panicked assembly debated what they should do. One among them, a firebrand named Knut Haukelid who was visiting friends in the city, wanted to fight with whatever weapons they could find. Others preached caution; their small country, with its limited military, stood little chance against German might.

When Tronstad spoke, he held everyone’s attention. At thirty-seven, he was the university’s youngest full professor, and a favorite in its classrooms. Of medium height, he had blue eyes, a hatchet-sharp nose, and ash-blond hair parted neatly on the side.

Tronstad informed those assembled that, as a reserve officer in the Army Ordnance Corps, he had standing orders to travel to Oslo if war broke out. He advised those with military experience to do the same. As for the others, he said, each man needed to follow his own conscience on what action to take, but he reminded them that their country needed them. With that, he said his goodbyes.

Tronstad had feared this would happen—that Norway’s “sleeping government” would leave the country unprepared to mount a defense in the event of an invasion. Since the day Hitler invaded Poland seven months earlier, it was plain to Tronstad that Norway would not be allowed to maintain the neutral stand it had held during the Great War. The fight between the Allies and the Nazis in mainland Europe had stalled, and the two sides had circled Norway for months, waiting to see which would make the first move toward bringing it within their sphere of influence.

There were good reasons for their interest, chiefly because Norway’s long coastline offered potential naval bases to dominate the North Sea. All the while, the Norwegian government hoped measured diplomacy would trump the need for force. Only a few days before, Hitler’s “Special Envoy,” Curt Bräuer, had thrown a party for over two hundred Norwegian political and military guests. Midway through, the lights were dimmed and a film, Baptism of Fire, was screened. To a soundtrack of Richard Wagner, bombers obliterated Warsaw while a voiceover explained that this was the consequence for those who made friends with the British and French. The film concluded with a map of Britain bursting into flames and the flash of a Nazi swastika.

Hurrying home, Tronstad found the city around him quickly occupied by German soldiers. They marched in columns through the streets. They established machine-gun nests and mortar positions on bridges and key spots throughout the city, and called out warnings in German to not resist. Tronstad ignored them. Finally, he reached his two-story house on the leafy outskirts of the city center. He told his wife, Bassa, that they were not safe in Trondheim. He would take her and the children to a tourist mountain lodge at Kongsvoll, a hundred miles to the south, then he would travel on to Oslo to join the army.

Together they woke up their daughter, Sidsel, age seven, and two-year-old son, Leif Jr., and helped them dress and pack. Fifteen minutes later they piled into their Opel Super 6, a luxury German-made car. As they headed south over the Nidelva River bridge, two ash-colored bombers flew overhead.

“What kind of plane is that?” Sidsel asked.

“It is a German plane,” Tronstad said, his first explanation of their hurried departure. “I’m afraid the war’s come to our country.”

They reached Oppdal, a small town and the end of the road in wintertime, that afternoon. The news they heard there was not good. The call to mobilize had finally come through, but the “iron ring” of defense around Oslo had proven to be a fiction: the Germans controlled the capital. King Haakon VII, a tall, austere man who rose to the throne in 1905, had fled the city, as had the Norwegian government. On the radio, Vidkun Quisling, the head of the fascist Nasjonal Samling Party, announced that he had assumed governmental powers. Tronstad knew now that it was no use, his traveling to the capital. He took his family to the Kongsvoll lodge and left the next morning to join the local army command.

The day after the invasion, the sleeping Norwegian government finally roared awake. Bräuer stated his demands to King Haakon. The king brought these to Prime Minister Johan Nygaardsvold and his ministers, informing them that personally he could accept neither Quisling nor surrender but that as he was a constitutional monarch, it was not in his power to decide. If the government chose to make peace with the invaders, however, he would immediately abdicate. The government sided with their king, who then broadcast a message to his people over the radio: they should struggle and fight until the invaders were thrown from Norway’s shores.

Pockets of resistance formed throughout the country, but backed by British and French reinforcements, the Norwegians put the greatest effort into two places: the naval stronghold Narvik and two long valleys between Oslo and Trondheim. If the Germans controlled that region, which separated the north–south corridor from the capital, then they would hold the heart of Norway.

It was here, with German panzer battalions backed by the Luftwaffe pushing north from Oslo, that Tronstad fought his war. He was charged with preventing German troops from crossing the defensive Norwegian line. Headquartered in the Kongsvoll lodge, he created a network of men to report on enemy activity and saw to the plowing of yard-high furrows in the snow on the surrounding lakes to prevent German transport planes from landing.

Over three weeks, aided mostly by the British, the unpracticed and outgunned Norwegians fought ferociously in the two valleys, but they were steadily pushed back toward Trondheim. Believing the battle over, the British began evacuating at the end of April. On May 1, when the surrender order came through to his district, Tronstad and several others hid eighty-one boxes of ammunition in the mountains in the hope of a future fight. That afternoon, while Tronstad was away from his family, a German cavalry unit navigating the hilly terrain reached the Kongsvoll lodge.

In the pouring rain, the men, covered in mud and grime, marched up to the front steps of the residence. The commanding officer ordered Bassa Tronstad to clear the barn for his men and their horses. “We have cows there,” she returned in fluent German. “If we take them out, we won’t have any milk.” The officer, surprised at the rebuff in his native language, said that his men would then sleep in the lodge.

“As long as they’re clean,” she replied.

Before the unit left, the commanding officer stood before Bassa and threatened, “If anything happens around here, you will be shot immediately.”

When Tronstad came back to the lodge, he collected his family and returned to Trondheim. The battle still raged in Narvik, but that too was soon over, and King Haakon and the government fled to Britain by ship. The Germans now ruled Norway. Their presence was a violation of everything Tronstad held dear, and their occupation robbed him of the life he had built from nothing.

 

Three months before Leif Tronstad was born, his father, Hans Larsen, died of a heart attack. His mother, Josefine, supported her four sons by running a small kiosk and by serving as a maid at private dinner parties hosted by the wealthier families in their neighborhood outside Oslo. Growing up, Leif was either studying, at the running track, or working. After secondary school and a couple of years employed at an electricity company, he headed to Kristiania Technical School to study chemistry. From the list of national records he set, it’s clear that he majored in athletics as well. Even with a factory job and his participation in sports, he graduated with the highest marks on record. In 1924, after fulfilling his military service and shoring up his finances, he enrolled at NTH.

In Trondheim, he was finally able to focus on science alone, and he excelled to an even greater degree. He spent most of his waking hours poring over his books. “I work as a slave these days,” he wrote to his mother in his first year. “No need to send money. I live modestly, Spartan, and careful. Only bread and the cheapest kind of butter.” He graduated with top honors, which earned him recognition from King Haakon himself. Leif Tronstad, who had taken his mother’s maiden name out of respect for her years of sacrifice, was now a rising star.

All this time, he had courted his childhood sweetheart, Edla, whose nickname since the time she was a toddler was Bassa. She was a few years his junior; they had grown up on the same hill in Sandvika, a neighborhood overlooking the Oslofjord, several miles west of Norway’s capital city. While away studying, he sent love letters to his “little angel” and “beautiful treasure.” One day, he promised, “we will have each other forever and be the happiest people under the sun.” At Christmas, unable “to wait until we get old with love,” he asked her to marry him.

Following their wedding in 1928, the newlyweds moved to Berlin, where, as part of Tronstad’s three-year doctoral grant from NTH, he worked as a researcher at the Kaiser Wilhelm Institute of Chemistry. Keen with languages, Bassa worked as his secretary and translator. Together, they got their first taste of Nazism. Emblazoned across the city were posters with close-up photographs of Hitler and headlines calling to avenge the Treaty of Versailles.

After this stint, they moved back to Trondheim, where Tronstad continued his research, lectured on atomic chemistry, and earned his doctorate with a well-received work about measuring the oxidized surfaces of iron and steel. More overseas study followed at the famed Cavendish Laboratory at Cambridge University in Britain, where he furthered his electrochemical work and got to know the university’s leading lights, including Ernest Rutherford.

In summer 1932 the Tronstads returned to Norway; soon after, their daughter Sidsel was born. In his diary Tronstad wrote, “A great day today . . . Gosh, is she pretty!”

Talented not just in the lab but also in theoretical work, Tronstad found many opportunities open to him. Since his student days, he had wondered whether he should work in industry or academia. The former paid well, and after a life spent saving every krone, that was attractive. Academia paid far less, but a professorship would provide the opportunity to teach and research pure science without being enslaved by the bottom line. In the end he told Bassa that, while he wanted to be a professor, he would leave the decision to her. “If you like, I can make as much money as you want,” he said. She gave him her blessing to return to the university. He was soon a full professor at NTH, published scores of research papers, and dazzled his students by igniting chemical compounds at the touch of a feather. He bought a nice house a short walk from the university and a car to drive out to his mountain cabin, where the family could ski and hike. He taught his daughter to ice-skate, and in August 1937 he welcomed a son, Leif Jr., who liked to be pushed around the yard in a wheelbarrow.

During these prewar years, Tronstad also worked as a consultant to several Norwegian companies. He advised them on the manufacture of steel, rubber, nitrogen, and aluminum, and, for Norsk Hydro, heavy water.

 

On November 11, 1940, seven months after the Germans invaded, Tronstad visited Vemork at the request of Jomar Brun. Tronstad’s former classmate, narrow of frame, with round spectacles that matched his softly featured oval face, had said he’d wanted help in making improvements at the hydrogen plant. In truth Brun was also looking for insight into why the Germans were so interested in heavy water, and what he should do about it.

Shortly after Rjukan was taken, a German general visiting Vemork had ordered production at the plant—and deliveries to Berlin—increased at a rapid rate. He’d revealed nothing about the intended use of the heavy water. Brun had already implemented the expansion of high-concentration cells from seven to nine. This upgrade, as well as the laundry list of improvements suggested by Tronstad over the course of his two-day tour, including adding nickel-plated anodes to the cells to prevent rusting and increasing their amperage, would enable the plant to supply the Germans with 1.5 kilograms a day of heavy water, an increase of five times its former production level.

In private, after their work at the plant was finished, Tronstad and Brun wrangled with the question of why the Germans needed so much heavy water. As an avid reader of science journals, Tronstad knew there was interest in the substance as a moderator in the new field of fission research. Further, he had collaborated with Ernest Rutherford in 1935 in an attempt to produce tritium (an even rarer isotope of hydrogen) at Vemork. They failed, yet Tronstad understood well Rutherford’s theory that tritium and deuterium could be used to obtain a fusion reaction with a potentially enormous energy release. Nonetheless, Tronstad dismissed the idea that heavy water could be applied to any great military use. Instead, he and Brun conjectured that the Germans might want deuterium for some kind of poison gas, but they doubted this application would yield results. Whatever the reason, Tronstad decided, if the Nazis were interested in heavy water, then so too should he be.

As for Brun, they agreed that he should remain at the plant and do whatever was necessary to keep his job, including making changes that would raise production levels. This was the only way he could stay informed of new developments. Anything significant, and he should alert Tronstad.

 

After his visit to Rjukan, Tronstad returned to Trondheim, where he had resumed his teaching and studies at NTH. He channeled most of his prodigious energy, however, into his activities with the underground resistance, working particularly closely with several bands of university students who were pushing back against the German hold on the country. Some published illegal newspapers. Others operated at a higher level, connecting with the British Secret Intelligence Service (SIS), the foreign intelligence agency. Under the moniker Skylark B, these students sent coded wireless-radio transmissions from the forests outside the city to London, reporting on troop movements and naval activity.

Codenamed the Mailman, Tronstad gave them any technical help they needed and provided intelligence of his own. With his industrial connections, he gathered information on Norwegian firms and how they were helping the Germans. Norsk Hydro was but one focus of many. The resistance was a precarious web that he feared might be unraveled at any time, yet he continued spinning new threads within it.

In March 1941 Brun reported that German officials, accompanied by scientists, had once again descended on Vemork. They now wanted a nine-stage cascade before the high-concentration stage—thousands more electrolyzer cells. They demanded fifteen hundred kilograms of heavy water a year, and they were making Brun “personally responsible for a perfect running of the plant.” Soon after, Alf Løken, a chemistry student and member of Skylark B, approached Tronstad. SIS wanted them to provide everything they had on Vemork’s heavy water. Tronstad told Løken all he knew. This was sent by wireless to London.

The Tronstad family spent several weeks that summer in their mountain cabin. Since the occupation, Tronstad had tried to keep things as normal as possible for his wife and children. But he was nervous. The Gestapo had tracked down Skylark B’s wireless transmitter outside Trondheim and had tortured a student who was involved in its use. His confession led to several other arrests, including that of Løken. Others in Skylark B fled. Around this time, Brun came to the city with urgent news. The Germans now wanted to increase heavy water production to five thousand kilograms a year, and Paul Harteck, whom Tronstad knew from Cambridge, was on his way to advise on new methods to obtain such levels. Realizing the importance of conveying this information to the British, but with Skylark B in jeopardy, Tronstad found a courier—a man planning to escape by boat to Scotland the following week. He gave him precise details on Vemork, including its monthly production figures. The courier wrote these details down on some cigarette paper.

The Gestapo was close to breaking up Trondheim’s resistance. On the morning of September 9, a student visited Tronstad for advice on securing Skylark’s radio equipment. The student was arrested that same afternoon. A week later, Tronstad’s courier was seized at the wharf’s edge. Fortunately he was able to swallow the cigarette paper before being hauled away. On September 20, one of the arrested Skylark members, fearing he might break under torture, managed to pass on a message to a friend through the barred windows of the Gestapo prison: “The Mailman must disappear.”

Tronstad warned Bassa that they might need to flee, and two days later, when informed of yet another arrest, he went straight to her. It was their thirteenth wedding anniversary. “We must go,” he said. They made their way to the train station with some hastily packed suitcases; there was a 7:15 p.m. train to Oslo. Bassa and the children boarded first. Tronstad looked left and right, fearing the Gestapo might be waiting for him on the platform. Once safe on the train, he settled down in the sleeping compartment with his family and wrote the first entry into the small, black diary he would keep throughout the war. “Family, house and worldly goods have to be set aside for Norway’s sake.”

At 10:15 a.m. they arrived in Oslo and took another train to Sandvika. They climbed up the hill, past the small kiosk where Tronstad’s mother used to work. Farther up, they reached Bassa’s childhood home. He instructed Bassa to tell anyone who asked that he was in Rjukan. Then they embraced. “I’m not afraid of anything,” he told Bassa. “That is exactly what I’m afraid of,” she responded.

Outside the house overlooking the fjord, he kneeled beside his children. “Take care of your little brother,” he told nine-year-old Sidsel. Then he turned to four-year-old Leif: “You must be good for your mother while I’m gone.” He promised to bring back a little gift for each of them. Sidsel asked for a watch; Leif, a motorized go-cart. “Be kind to each other,” Tronstad said before hurrying away, overcome with emotion. He was on his way down the hill when he heard young Leif call out, “Where are you going?”

Tronstad swung around. “Notodden.”

“You’d better hurry up.” Leif pointed to the train moving into the Sandvika station below. Tronstad started to run down the hill, but the truth was he was not catching that train. Rather, he would wait on the platform to catch one heading in the opposite direction.

In Oslo he collected fake identity papers, and the next morning he borrowed a bicycle and rode twenty miles north to Sandungen, where his brother-in-law worked as a forester. For a day, Tronstad marked trees for felling and wondered if he should just wait out the war as a “hermit” in the forest. But he dismissed the thought. That night, he wrote a letter to Bassa. Falsely dated the night they’d left Trondheim, the letter spoke of his inability to remain at a university where those allied with the Germans received “preferential treatment,” while he was slandered. The letter continued: he was now in Sweden, but he had not done, nor would he do, anything “dishonest or illegal.” The letter was meant to provide Bassa with cover in the event she was interrogated by the Gestapo.

The next morning, September 26, two members of the resistance network picked him up in a truck. They drove toward neutral Sweden, a hundred miles away. An hour’s hike from the border, they got out and set off on foot through the woods. They crossed into Sweden at 5:00 p.m., and a couple of hours later Tronstad was arrested at a Swedish military post that had an understanding with the network. They gave him a steak, beer, and some coffee.

A month passed before Tronstad gained passage to Britain, from where he hoped to continue his fight to free Norway. His passport, stamped in Stockholm, was “Good for a single journey.” Aboard a bomber converted to a transport plane, he crossed the North Sea at high altitude, breathing through an oxygen mask. After seven hours in darkness, the plane, having fought headwinds the whole way, finally landed in Scotland.

On October 21, Tronstad arrived at King’s Cross station in London. As arranged by SIS, a room was booked for him at the St. Ermin’s Hotel in the heart of Westminster, a stone’s throw from the spy agency headquarters. London, a city he knew well from his student days, was a war zone. Soldiers crowded the streets, and a floating armada of gray barrage balloons darkened the sky, defending against German bombers.

In Stockholm, Tronstad had read about the Blitz in the newspapers. Since September 7 the previous year, Hitler had sent his planes into the heart of London to break its fighting spirit. Incendiaries sent fires sweeping across rooftops. Explosives ripped apart houses and buildings. Many thousands of people had been killed in the attacks and countless more wounded or left homeless. But it was one thing to read about the devastation and another to see it. Although the attacks had largely relented by May 1941, the streets were still strewn with the rubble of bombed-out buildings, and the people he passed had a joyless, though determined, mien.

When Tronstad finally went to bed, British fighter planes patrolling the skies thundered overhead. Such was his exhaustion from the journey that he slept easily through the din.

 

St. Ermin’s, a horseshoe-shaped Victorian hotel, was the perfect location for clandestine meetings, with its grand, busy foyer and many nooks and crannies. On his first Sunday in London, Tronstad sat down across from Commander Eric Welsh, head of the Norwegian branch of SIS. Welsh ran Skylark B and had choreographed Tronstad’s journey to London.

The spy was short and overweight, with a huge dome-shaped head. Slovenly dressed, he chain-smoked; cigarette ash dusted the front of his shirt. He may not have looked like a hero, but in the previous world war, Welsh had won medals for gallantry as a minesweeper. He became an officer in Naval Intelligence, focusing on scientists and their work, before being transferred to SIS. His wife was Norwegian, a relative of the composer Edvard Grieg, and his knowledge of the language earned him a position with a Norwegian paint company that serviced a lot of the country’s industrial firms. In fact, Tronstad soon learned, Welsh knew Jomar Brun and Vemork quite well. He had sold the corrosion-proof tiles for the flooring in the high-concentration plant.

Welsh knew many things, a lot of them from an informant inside Germany codenamed the Griffin. This was the scientist Paul Rosbaud, who, as an adviser for the scientific publisher Springer Verlag, was close to Hahn, Heisenberg, and other leading German physicists. He provided early reports of the Nazi atomic program, but since Army Ordnance had taken over, the intelligence had slowed. Welsh also had the inside track on Britain’s development of an atomic bomb, under what was known first as the MAUD (Military Application of Uranium Detonation) Committee, then as the Directorate of Tube Alloys.

Welsh spoke in a ramble and garbled his words, which made the little of import he shared with Tronstad almost unintelligible. Regardless, Welsh was not there to reveal his own secrets but to learn what his new arrival had to offer. Tronstad was open from the start. Vemork was now producing four kilograms of heavy water a day for the Germans—with more to come. The two spent the whole morning together, not all of it in discussion about heavy water. Tronstad knew from other sources that the Germans had secured uranium oxide from Norway, and there were also his contacts with former students and colleagues in Oslo, Berlin, Cambridge, and Stockholm, which might bring in more intelligence. Welsh expressed his hope that Tronstad would lend his own expertise to aid the war effort. No firm next steps were set, but Tronstad made it clear that he was eager to be of help.

 And indeed, Tronstad’s involvement in the resistance continued to grow. One day he met with a Skylark member who had escaped to London. Another day, he was at the Thatched House Club, a




OPS/images/Tumblr.gif
[ Tumblr ]





OPS/images/WinterFortress_xi_1.jpg
Gunnerside's
Retreat
to Sweden
February 28-
March 18,1943
Each 0 =1 night

% Vemork
1 Lake Mgs

1| Map © Svein Vetle Trae/Fossay






OPS/images/Twitter.gif
[ VGl ]





OPS/images/WinterFortress_a_1.jpg
o4
o
)

ATTACK ON VEMORK

February 27-28,1943

Approach route to Vemork
Escape route from Vemork
Mosvann Road

»
I

Railway

ppp

Fjosbudalen cabin

Map © Svein Vetle Trac/Fossoy





OPS/toc.xhtml
Contents

		Title Page


		Contents


		Copyright


		Dedication


		Maps


		List of Participants


		Epigraph


		Prologue


		Part I

		The Water


		The Professor


		Bonzo


		The Dam-Keeper’s Son


		Open Road








		Part II

		Commando Order


		Make a Good Job


		Keen as Mustard


		An Uncertain Fate


		The Lost








		Part III

		The Instructor


		Photos


		Those Louts Won’t Catch Us


		Rules of the Hunter


		The Lonely, Dark War


		The Storm


		Best-Laid Plans


		The Climb


		Sabotage








		Part IV

		The Most Splendid Coup


		The Hunt


		Phantoms of the Vidda


		A National Sport


		Target List


		Cowboy Run








		Part V

		Nothing Without Sacrifice


		Five Kilos of Fish


		The Man with the Violin


		A 10:45 Alarm 


		Victory








		Epilogue


		Acknowledgments


		Notes


		Bibliography


		Index


		Sample Chapter from THE ESCAPE ARTISTS


		Buy the Book


		About the Author


		Connect with HMH





OPS/images/Pinterest.gif
[Pinterest]





OPS/images/Facebook.gif
[Facebook]





OPS/images/WinterFortress_xiii_1.jpg
HARDANGERVIDDA

Sinking of the
D/F Hydro
February 19-20, 1944

++ Railway

== Ferry route

@ Loading of heavy water

O Railroad cars under night watch
©D/F Hydro embarkation point
@ D/F Hydro sinks

Map © Svein Vetle Trae/Fossgy






OPS/images/YouTube.gif
[ YouTube ]





OPS/images/cover.jpg
NEW YORK TIMES BESTSELLER

“Riveting and poignant . . . Mr. Bascomb’s research and, especially,
his storytelling skills are first-rate.” — Wall Street Journal

T lsLlE

WINTER
FORTRESS

THE EPIC MISSION TO SABOTAGE

HITLER’S ATOMIC BOMB
S g % e

 BASCOMB

Author of HUNTING EICHMANN






OPS/images/WinterFortress_x_1.jpg
‘f/;:g 2~ ®Gunnerside H
1 I landing zone 1
I y  Feb.17,1943 &:—@ I
)
1 i 1
1 1 1
I
1 \ 1
1
= ‘ oy
M Bjorne Fjord ‘, A
L ) f
II L
.HARDANG(ERVIDDA 1
- \\ -
e \\ =
1 ‘x\ 1
1 . Fetter cabin 1
- .".‘ Grouse & / L
1 " Gunnerside uDjL)c-z, 1
i Grass VaIIey.' Feb. 23,1943 1
1 cabin \ 1
R
4 [N =

HEEN
. ‘o,
-
. A
“

LanquJa
cabin

Skoland . 1
Marshes L4

- Sand Lake -
1 cabin 1
| Grouse Hideouts |
1 Sand Lake: Nov. 5-22, 1942 1
I Grass Valley: Nov. 23-Dec. 19,1942 l
1 o] 5 Ml 1
1 Fetter: Dec. 19, 1942-March 24, 1943 o 5KM 1

Map © Svein Vetle Trae/Fossgy






OPS/images/Instagram.gif
[Instag ram]





OPS/images/WinterFortress_xii_1.jpg
of Vemork
November 16, 1943

x Bomb strikes
= Buildings

Railway
Pipelines
Suspension bridge

.25 MI






OPS/images/titlepage.jpg
The
Winter Fortress

THE EPIC MISSION TO SABOTAGE
HITLER’S ATOMIC BOMB

Neal Bascomb

&

Mariner Books
Houghton Mifflin Harcourt
BOSTON NEW YORK





OPS/images/WinterFortress_ix_2.jpg
O R '..-r
o HARDANGERVIDDA
Operation Freshman

November 19-20, 1942
®Rjukan

|\
Lake M¢semork
TV )

location

Halifax A
returns to
Scotland

*' ®Halifax B

4 crash

From Skitten
Airfield in
Scotland

Map © Svein Vetle Trae/Fossgy

[ e e e e e e e ey S e e e e e e e | [ et | e T e e Y S e





OPS/images/WinterFortress_ix_1.jpg
Grouse landing zone
@.0ct. 18,1942

K Rjukan

Nov. 5,1942

Grouse's
Arrival in






