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Johanna Preston

Developing Radar to Win World War II

The United States and Great Britain began research on radar long before entering World War II.  Discoveries in the 1920s and early 1930s led to the idea of using radio signals to detect ships, and several important inventions of component parts in the mid-1930s allowed radar to launch into an intense developmental phase.  Great Britain’s willingness to share its radar technology with the U.S. helped form strong, effective cooperation between the two countries so that radar developed relatively quickly.  Even before Pearl Harbor was bombed, the United States’ radar technology, greatly enhanced by collaboration with Britain, promised to be of utmost importance in confronting enemy attacks.  Allied radar systems were the best in the world, providing a superior technological edge and ultimately making a large enough difference to win the war.  As radar technology progressed, it became the most powerful military advantage the Allies developed in the European conflict.


Before it could become such a powerful weapon, though, radar underwent years of discovery and early research.  In September 1922, A. H. Taylor and L. C. Young, two American military researchers, were investigating high frequency radio communication at a naval air station on the Anacostia River when the tone of their radio signal increased two-fold, became suddenly soft, swelled again, and settled back to its original loudness.  This unexpected phenomenon corresponded with the movement of a river steamer between the transmitter and receiver, and the scientists realized the radio could “detect” enemy ships.1  A similar occurrence happened in November 1930, when Young and  L. A. Hyland detected an airplane with a short-wave transmitter and receiver at the U.S. Naval Research Laboratory.2  Only in March 1934, with the emergence of cathode ray tubes and ultra high frequency television tubes to transmit and receive thousands of watts of power in microsecond pulses, was radar research able to take off.3  A few months later, Robert Morris Page created the first system employing the pulse method associated with modern radar.4  In February 1935, Robert Watson-Watt initiated radar research in England, which progressed quickly under the threat of war.  About the same time, German Chief Air Marshal Göring turned down a radar proposal, thinking a home defense system would not be needed with the German offensive war plan.  Similarly, the Japanese military also failed to realize the importance of radar until it was too late.5  The U.S. and Britain were already ahead.


In order to create an organization that would maximize civilian scientists’ contributions to the military, Vannevar Bush, president of a prestigious research organization called the Carnegie Institute of Washington, formed the National Defense Research Committee (NDRC) with President Roosevelt’s approval on June 12, 1940.  The benefit of having such a committee was enormous:  to Karl Compton, head of the division responsible for radar investigation, the NDRC was “the greatest cooperative research establishment in the history of the world.”6  The research was performed in the newly created Radiation Lab at MIT, and it concentrated on microwave radar under supervision of Alfred Loomis.  Much was already known about meter wave radar, but centimeter-wave and microwave systems promised to be far superior due to “their greater immunity to jamming, greater range and directional accuracy, reduced ground clutter, and ability to discriminate between closely bunched targets.”7  Microwave radar was state-of-the-art and marked a permanent separation throughout the war between the technology of U.S. and British radar and the rest of the world.


A major leap in Allied radar development came with England’s decision to share its radar secrets with the U.S., believing America would be able to contribute to their design and help mass-produce working machines.  Against the wishes of many British officials, Churchill decided Americans would be more motivated to research radar and disclose their knowledge if the secrets were imparted unconditionally.  (Churchill was aware that American isolationist sentiment and the wish for disarmament, besides President Roosevelt’s desire for politically beneficial deals, would hamper Anglo-American cooperation if the information were not provided freely.)  Thus, Eddie Bowen arrived in the U.S. in August 1940 as head of the British Technical and Scientific Mission to the United States, also called the Tizard Mission.  When Bowen presented blueprints and detailed descriptions of British radar, it became clear the technologies of the two countries were similar.  However, there were gains made on both sides.  The U.S. had developed much better receiver capability, but the British had a phenomenal transmitter.8


The great success of the British scientists with regard to transmitter performance relied on their cavity magnetron, which produced power at levels unheard of in America.  The cavity magnetron had a power output of nearly fifteen kilowatts, more than a thousand times greater than the power generated by any American microwave equipment.9  Discovered by accident and not yet well understood, the magnetron, Bowen realized, was “a gift from the gods we disclosed to Alfred Loomis and Karl Compton.”10  Indeed, when Bowen demonstrated the device, the American scientists were utterly amazed.  “The atmosphere was electric—they found it hard to believe that such a small device could produce so much power and that what lay on the table in front of us might prove to be the salvation of the Allied cause.”11  Clearly, the cavity magnetron’s effect on radar development was tremendous, allowing radar to enjoy a prominent role in Allied technological research.


Besides their advancements in airborne radar, the British also contributed their special Identification, Friend or Foe (IFF) designs for determining if other aircraft were friendly or not.12  Because the U.S. had concentrated on naval-based radar ever since the Anacostia River episode, this technology was helpful for improving American airborne radar capability, but it was a matter of survival for the British, who suffered from Luftwaffe strikes across the Channel, attacks on ports, and minelaying raids at night during the summer of 1940.  Only radar was able to successfully and reliably give an early warning of the invaders so that fighter planes could resist the attacks.  It also provided a good estimate of the invading force.  Nearly every time, British Spitfires and Hurricanes incurred more damage to the German Luftwaffe than they suffered themselves.  For every plane the British lost, almost two German planes were downed—Allies had shot down 270 Axis planes while losing only 145 British planes by the beginning of August.  Additionally, British pilots had the option of parachuting onto friendly lands.13  In the upcoming Battle of Britain that occurred throughout August and September 1940, radar was the powerful blockade that prevented the Germans from gaining air supremacy.


Meanwhile, research progressed at an even quicker pace in America than in England.  On March 27, 1941, Bowen and three prominent scientists from the Radiation Laboratory tested a new airborne radar set.  This device successfully detected other aircraft, and when it pinpointed merchant ships on the water the results were so fantastic that Bowen proclaimed they could detect a submarine distanced at a few miles.  Indeed, when they neared Long Island Sound the equipment found a few subs on the surface three miles away.  This was the first time airborne radar had detected a submarine.14  The ability to perform such a feat was critical to the Allies, who had to face a great number of German U-boats in the following months.


Advancements in Allied radar continued to progress, thus thwarting the Axis powers.  In April 1941, range improved in conjunction with better duplexers that filtered static noise, and greater power was achieved from the magnetron.  Research was also being conducted on long-range navigation (LORAN), anti-aircraft gun direction, and equipment specifically for nighttime air operations.  Soon, radar display screens improved concurrently with automatic, accurate tracking up to eighteen miles away.15  When silicon crystal in British receiver designs outperformed vacuum tubes in American designs, the Radiation Lab scientists quickly adopted and enhanced the new technology.


While Allied airpower successfully fought the Luftwaffe in late 1940 and 1941, steadily diminishing the threat of German planes, the danger of U-boat attacks dramatically increased.  The situation became so severe that Great Britain sent a fresh wave of envoys to the Radiation Lab starting in mid-July 1941 to increase Anglo-American cooperation and help speed up advances in both countries’ radar systems.  Denis Robinson was one of the first of the new British envoys to meet with Rad Lab officials.  His mission was to encourage the American scientists to shift their focus from research on air-to-air (AA) radar systems to air-to-surface-vessel (ASV) systems in order to combat the U-boats.  Robinson had researched American bombers and decided that the B-24 would be the best aircraft for carrying anti-submarine radar systems.  Expecting to receive substantial opposition to his request for a major research change, he was shocked and amazed that Loomis and the other directors reacted cheerfully, even agreeing to help implement the new project, at a time when the U.S. was not yet at war.16  Also encouraging was the fact that the American radar was far ahead of schedule and already had systems with parabolic antennas that could scan a full 360 degrees, working Plan Position Indicators, and impressive screen displays.  In addition, the Rad Lab’s transmitters and modulators were already compatible with Robinson’s ASV plans.17  The urgency of the British need for better radar under the strain of war, combined with the eagerness and abundant resources of American scientists, pushed Allied radar capabilities farther in the lead.


One of the most significant turning points for the Radiation Lab was the attack on Pearl Harbor on December 7, 1941.  Not only did the necessity of military technology increase, but the event also secured the existence of radar research in particular.  Only after the United States entered the war were the directors confident that the Rad Lab would continue to be funded through 1942.  In the Battle of Britain, the British had depended on their Chain Home system of radar beacons placed along the eastern English coast to warn of impending Luftwaffe attacks, but the U.S. had neither anticipated being attacked so soon by Japan nor learned to trust its own radar systems.  Thus, when three Hawaiian radar stations detected initial evidence of an invading force at 6:45 A.M., there was no real action taken.  At the Opana radar station situated in northern Oahu, Private George E. Elliott asked Private Joseph L. Lockard, who was more familiar with the radar equipment, about an unusual signal he was viewing on the screen and gained permission to leave the stationed turned on past the usual cutoff time at 7 A.M.  While Elliott was watching the screen, the signal suddenly burst with activity, and he realized he had never seen a larger formation of aircraft on radar before.18  Although Elliott insisted that Lockard notify Lieutenant Kermit Tyler of the formation then 132 miles away, Tyler believed the signal merely displayed American planes returning to base and wanted Lockard to disregard the signal.19  Unfortunately, there were no other officers on duty, so Elliott and Lockard merely plotted the signal until it was twenty miles away.  The other two stations had shut off at 7 A.M.  The Pearl Harbor conflict confirmed the potential (though yet unheeded) of using radar to the American military.


Changes occurred at the Rad Lab as a result of Pearl Harbor.  The Navy rapidly created a liaison office to keep current tabs on technical developments and to inform the radar developers of the expanding service requirements.20  The Signal Corps and the Army Air Corps soon set up offices, too.  In addition, increased contact with industry made essential a Transition Office that taught manufacturers pertinent information about microwave radar.  There was also a greater amount of competition.  When Bell Labs did not agree to new cavity magnetron designs, Raytheon was granted the contract.21  Lee DuBridge, director of the laboratory, was even able to expand the floor space to several times the current size.  Many young scientists, mostly physicists fresh out of college, were added to the team.  Women, too, were hired to fulfill mostly administrative duties, and they eventually constituted 35 percent of the employees.22  Security measures also elevated immensely.

An important step in radar history came with Luie Alvarez’s inspiration to create a radar tracking system that could allow pilots to “fly blind,” or use only their instruments for guidance in conducting air reconnaissance missions and landing their planes in bad weather conditions.  Already radar was capable of directing guns to track airplanes—the next step was to guide planes to certain objects on the ground, and the next to clearly display ground surface features such as bridges and factories.  Although the Norden bombsight had similar capabilities, radar was likely to have higher resolution.  In early 1942, Alvarez, a renowned physicist at the lab, brought his ideas to his superiors and was placed in charge of a project to achieve low-level blind landings that was called Ground Controlled Landing, or GCL.  The first trials of the blind-landing system in May were utter failures because the antennas would bounce around crazily and distort the landing angle by a few degrees.23  On June 1, when Loomis invited Alvarez to eat dinner with him, Alvarez related his problems with the system.  Loomis, however, was confident that GCL would work and was the only option that could be implemented in time for the war effort.  He told Alvarez, “I don’t want you to go home tonight until we’re both satisfied that you’ve come up with a design that will do the job.”24  Fortunately, Alvarez produced a solution a few minutes before midnight.  Afterwards, he said he was convinced that “without Loomis’s ultimatum that night World War II would have seen no effective blind-landing system.  I would have immersed myself in other interesting projects to forget my disappointment and embarrassment.  Many lives would have been lost unnecessarily.”25  Loomis had numerous other contributions to radar equally as vital as the rather complicated solution involving four antennas that resolved the landing problem to an error of less than 0.05 degrees.26  The successful radar system was known as Mark I.


Although the military was gradually implementing radar, there were still significant hurdles to clear.  Robinson had pressured the Rad Lab to pursue ASV radar to combat submarines, and shortly after the Pearl Harbor incident a working model of the newly created radar called Dumbo I proved to be much more effective than the British equivalent, Mark II.27  However, application of the radar was slow.  Admiral Ernest King, for instance, insisted that the U.S. Navy maintain a defensive strategy to deal with German U-boats, placing importance on convoy escorts and minimizing the role of radar as an offensive tool for hunting U-boats.  Unfortunately, mediocre training initially led to poor results when B-24s that were fitted with Dumbo I only destroyed one U-boat in the first quarter of 1943.28  Contributing to the dismal outcome was the fact that meter-wave radar detectors named Metox had been installed on German U-boats in August 1942, allowing the subs to dip below the surface when Metox warned of enemy aircraft.29

However, the tide was quickly turning for the Allies on wartime radar performance against U-boats, just as it had against the Luftwaffe in the Battle of Britain a year earlier.  In the Bay of Biscay, for instance, continual British air patrols at night and American patrols during the day by bombers with centimeter radar exacted a toll on German submarines.  Although they only sank three U-boats during February and March, the submarines were suffering from trying to avoid the unrelenting patrols.  As the number of attacks on submarines grew along with the number of undetected bomber appearances, the Germans began to correctly conjecture that the Allies were employing centimeter radar, which they knew the U-boats could not detect.30  Instead of trying to stay underwater as the subs had learned to do when warned of nearby patrols by meter radar, Commodore Karl Dönitz of the German Navy ordered the subs to surface during the day to recharge their batteries and to stay underwater throughout the night.  If they were unlikely to escape from a patrol, they were supposed to fire back.  Accordingly, the U-boats were loaded with more anti-aircraft guns, and they concentrated in groups to gain greater firepower.31  This was just what the Allies were waiting for.  Attacks in the daylight still had a higher probability of hitting the enemy target, and finding submarines in small groups made it possible for the Allies to destroy several subs at once.  The first half of May saw seven U-boats wiped out and several more harmed.32  Radar informed the Allies of more than eighty percent of the 120 bay crossings attempted by U-boats in May 1943, resulting in attacks seventy percent of the time.33  No longer could submarines travel across the bay without high risk.

Success for the Allies in destroying U-boats continued to grow.  As increasing numbers of airplanes were fitted with the latest microwave radar sets, U-boats suffered immense losses.  American Second Lieutenant Ernest Salm had a typical experience attacking a U-boat.  The first time he was flying as operational commander, Sergeant Llewellyn Williams, the radar specialist on his B-24, notified him that the radar set detected a U-boat 23 miles away.  There was full cloud cover in the plane’s path making visual sighting of the sea surface impossible at their altitude, but Williams used the radar to direct Salm to the submarine until the plane was within a mile of it.  Then, Salm dropped the plane to 200 feet, approached the sub, and quickly fired seven bombs.  Two of them exploded on the U-boat, which then sank to the ocean floor.34  Numerous instances of attacks similar to this one occurred throughout the summer of 1943.  The effect on U-boats was tremendous.  During the month of August, for example, German submarines only destroyed four ships in the Atlantic, compared to the 26 subs that Allied forces sank.35  Almost all the Allied successes were due to radar.  As in the case of Salm’s victory, many U-boats would have escaped detection had radar not been employed.  Radar proved to be the only way U-boats could be reliably detected in any kind of weather, and they were largely responsible for Germany’s defeat in the Battle of the Atlantic.  Among the weapons used against submarines in World War II, “the greatest of all was centimeter radar,” wrote Vannevar Bush.36  German U-boats were no longer the terrorizing and indomitable force they had once been.

Meanwhile, as the war dragged on, the British were moving towards research on radar that could be used specifically for area bombing.  Although this type of warfare had been dismissed on humanitarian grounds early in the war, continued German atrocities and the impetus to finish the war quickly after such terrible human loss made this a convincing option by early 1942.  It was also thought that massive bombardments of cities would cause the Germans to lose their will to fight.  Accordingly, British scientists worked diligently to produce a radar for group bombings that would clearly display cities and their important ground features for navigation.  The British tried to involve the U.S. in the project, but America was not yet willing to participate in what it considered to be barbaric warfare killing innocent civilians, so the British were forced to conduct research on their own.  By June 1942, they created H2S, meaning Home Sweet Home (since the radar allowed a bomber to home in on its target).37  American scientists who saw H2S harshly criticized its performance and indicated the whole concept of non-precision bombing was skewed.  However, in January of 1943, the Rad Lab began work independently on an American version of radar for high-altitude area bombing using three-centimeter technology instead of merely improving on ten-centimeter-based H2S.  The American model, called H2X, was soon far superior to the British version.38

Radar was so important to the Allied war effort that a special conference in England was planned at the end of April 1943.  Karl Compton and Lee DuBridge were the top American delegates of the United States Special Mission on Radar.  After touring British sites conducting radar research and having shared ideas, representatives of the two countries decided that the U.S. should use recent British progress on one-centimeter radar to start its own one-centimeter program, in addition to leading other long-term projects, although the countries would still perform general radar research on their own.39  After the rest of the American delegates had returned home, DuBridge stayed in England to suggest immediate widespread implementation of H2X.  Naturally, the British were taken aback.  Only a year ago the Americans had been adverse to the very idea of using radar for area bombing, and already they had built a very advanced model.  There was even a bit of jealousy that H2X might replace H2S in the British bomber force right after its inception.  A small rift ensued for two days until it was settled that British planes would be equipped with H2S while the Rad Lab would continue to enhance H2X.  Soon after DuBridge returned to the Lab, he was given orders by the U.S. military to mass-produce the new radar:  H2X would see action, after all, as would H2S.40
The Casablanca Conference helps explain why American policy on bombing underwent an about-face so quickly.  During the summit in January of 1943, Roosevelt declared that the war would be fought under terms of “unconditional surrender.”  This had profound implications on what the Allies considered acceptable warfare.  Symbolically, it meant all-out war.  The German bombing raid on London contributed to this decision.  Although the American people were still reluctant to resort to wide-range bombing that would kill civilians and military personnel alike, President Roosevelt effectively consented to such action.  Germany’s fate was thus sealed.  In late July 1943, British and American bombers used H2S and H2X to drop an enormous quantity of incendiary bombs on Hamburg.

Before bombing began on the first night of the Hamburg raid, the Allies dropped an enormous number of shiny aluminum-coated strips carefully cut to about 30 cm long and 1.5 cm wide all across the countryside of northern Germany.  Labeled Window, the operation succeeded in cluttering the signals received by the German radar defense network, which was based on meter radar.41  When Allied bombers swept across Germany, almost all of them passed by undetected—the German radar systems had been overwhelmed with signals coming from all directions due to the multitude of metal strips.  Although German scientists had not developed radar that could be used as an offensive weapon, they had thought of employing the technology as a defensive tool to warn of imminent enemy invasion.42  Throughout the remainder of the war, both the Allies and the Germans experimented with countermeasures and counter-countermeasures to disable the other side’s radar.  Often, the Germans tried various tricks to combat jamming resulting from Allied transmitters and other clever techniques such as Window.  By the time the Germans had developed ten-centimeter radar in December 1943, a small but significant part of the U.S. Air Force had been equipped with three-centimeter H2X radar, which could avoid being detected (or jammed) by the obsolete German equipment.  Indeed, H2X radar was truly amazing.  More bombs were dropped using H2X in the last two months of 1943 than were dropped by visual sighting for the whole year.  The Allies were quick to adopt it as their chief bombing radar, as it consistently outperformed H2S.43 

Radar had additional innovative uses for the military.  After the Germans threatened England with V-1 buzz bombs starting in mid-June 1944, the Allies responded with the proximity fuze, which was essentially a miniature continuous wave radar.  The fuze fit snugly onto the nose of an artillery shell, emitting a signal oscillating at 180 to 220 MHz, and the entire cone served as an antenna.  Perceiving when the antenna received a strangely fluctuating signal, the proximity fuze was able to sense aircraft close by.44  These clever devices were particularly effective against the buzz bombs.  During the last week of August when Germany launched its final set of V-1 bombs, the Allies successfully destroyed nearly 70 percent of the total number of bombs fired, largely due to the proximity fuze.45  (Artillery typically shot down five times as many bombs as fighter planes.)46  Some of the remaining bombs never reached their targets or ran into barrage balloons.  The atomic bombs dropped on Hiroshima and Nagasaki also relied on radar. Little Boy and Fat Man each carried four radar fuses called Archies with outward-pointing antennas that bounced signals off the ground to ascertain the altitude.  At the moment when at least two radar units detected a bomb had reached an altitude of 1900 feet, a special signal caused it to detonate.  The radar fuses on both bombs performed just as they were supposed to, even when Japanese fighter planes threatened the plane carrying Fat Man.47  Ironically, just as radar was starting to gain publicity for its superb achievements in World War II, the atomic bombs that it helped explode essentially wiped radar out of the limelight.

Radar had a profound effect on scientific research and collaboration during World War II.  The technology’s potential brought together scientists from the U.S. and Great Britain who shared their ideas and discoveries.  The two countries enjoyed friendly, effective competition in developing the technology.  None of the Axis powers were blessed with such cooperation.  Germany refused to share its radar secrets with either Italy or Japan, and the latter suffered greatly from excessive sparring between its army and navy.  In addition, the Radiation Lab set a precedent for civilian research in an environment combining science, industry, government, and the military.  The Rad Lab was thus a precursor to the Metallurgical Lab that conducted research on the atomic bomb.  Another feature almost unique to the Radiation Lab was that 250 of the researchers wrote scientific articles to record everything the lab had discovered and accomplished concerning radar immediately following the end of the war (and the lab’s closing).  The 27-volume collection they created entitled Radar System Engineering was an incredible source of contemporary information on radar technology and remained the leading reference on radar for over a decade.48  Even before the war ended, radar technology was applied to industry in all kinds of fields.  Raytheon, General Electric, and Westinghouse all sold radar sets for fishing boats and for ships.  The FCC set up a microwave television network that gave the first wireless broadcast and reception.49  Alvarez’s Ground Controlled Landing helped civilian pilots land in heavy fog, and other radar sets were used to study weather patterns and bird migrations, and other planets.   Improvements in radar and radioastronomy continue to the present day.

 
Radar was specifically invented for military purposes, and as a weapon of war it was extremely effective.   As opposed to some scientists working on the atomic bomb, Radiation Lab researchers knew they were trying to perfect systems whose purpose was to destroy—to detect and hunt down enemy vessels or aircraft.  Research supervisor Isidor I. Rabi often said the lab’s goal was “to develop something which would do as much harm as possible to the enemy.”50  Bowen also noticed the martial aims of the scientific team when he remarked that the laboratory environment resembled a scientific convention more than a research lab, “except that it was a convention which kept running year after year.  Here was the cream of American scientists, hell-bent on doing all they could for the war effort . . . months before America itself actually entered the war.”51  After the Pearl Harbor attack, interest in developing radar for the war effort only grew, and numerous scientists, including Alvarez, contributed immensely to the great project.  The Rad Lab physicists were aware that whichever side had superior radar technology would have the advantage, and they were determined to develop it first.  For the first time in the history of war, constantly upgraded technology continually changed the battlefield on a massive scale during World War II.  Succeeding in the Wizard War was a matter of producing enough of the best technology, of which radar was at the pinnacle.  Radar was therefore the single most important weapon for the Allied cause.  Many who knew first-hand the experience of developing radar or who used radar in combat would agree with Lee DuBridge that “the atom bomb only ended the war.  Radar won it.”52
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