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			To Janet. It would be no fun without you. And to the memory of all the young men and women who manned the guns and lost their lives in a war that now seems so far away.
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			Foreword 

			When we think of defending our borders from aerial attack, our default is to imagine brave aviators taking to the skies to defend against the winged invader. But from the beginning of man’s ascent into the aerial battleground, there were antiaircraft defenses. One of the earliest recorded instances of land-based artillery being modified to protect against aerial forces was in 1794 when two Austrian 17-pounder howitzers were trained at French reconnaissance balloons. 

			When Donald asked me to write this foreword, I tried to imagine just what I could say about antiaircraft defense. I realized that it is a key component in the history of aerial defense and has developed in step with ever-evolving aviation technologies and military strategies . . . But having now read the manuscript, I can confirm that this is a fascinating subject and a great read. 

			Donald has wisely juxtaposed the development of aerial defenses with the tactical and strategic developments in aerial warfare and technologies they were designed to counter. This formula provides the total picture and in doing so dispels many myths about the efficiency of antiaircraft weapons and tactics. History often records antiaircraft defenses as a costly solution to threat from above, requiring as they do great numbers of resources across a wide defensive perimeter. 

			But Donald proves time and again that they contributed greatly to the destruction of a high percentage of the aircraft brought down, damaged, or with loss of valuable trained crews. Time and again he cites the numbers for aircraft-to-aircraft combat losses against those brought about by the antiaircraft defenses.

			There is no question in my mind that this is an important book on a fascinating subject. It is essential for any serious library on military aviation history, and I will be proud to add it to mine. In the vernacular, Donald has scored a direct hit. 

			Stephen Quick

			Former Director General

			Canada Aviation and Space Museum

		

	
		
			Introduction

			Antiaircraft may be annoying but should be ignored. 

			—Capt. Lawrence S. Kuter, U.S. Air Corps Tactical School

			Flak was an abbreviation for the German word Fliegerabwehrkanonen, or antiaircraft guns, and was used to describe antiaircraft fire by Allied aircrew.

			The great aerial campaigns of World War II have always been framed as fighter vs. fighter, or fighter vs. bomber. But it was not just the fighter pilots doing the shooting; it was antiaircraft (AA) gunners as well. Much has been written about the thousands of air battles fought during the war, but the contribution of the antiaircraft defenses is rarely mentioned. 

			Long the neglected stepchild in studies of World War II air campaigns, both Allied and Axis antiaircraft defenses have been frequently ignored or dismissed by American, British, German, Soviet, and Japanese historians as ineffective and wasteful. Historical analyses of ground defenses have tended to dismiss the contribution of antiaircraft guns and their support arms as insignificant. Indeed, after the war the British Bombing Survey Unit (BBSU) disparaged the Luftwaffe’s antiaircraft defenses by describing them as “plentiful” but not “very lethal.” The figure of 16,000 rounds of German 88mm ammunition being required to shoot down a heavy bomber is often quoted to show just how wasteful and ineffective antiaircraft fire really was. But that number is misleading. While it fits well into the Allied narrative of how the strategic bombing campaign robbed the German army of valuable munitions, it was only partially true.

			The hard numbers, however, tell a different story, and this book will shed a new light on the old myths and show just how effective flak really was.

			To compare the effectiveness of an antiaircraft gun with that of a fighter aircraft was and is a false metric. The Germans were guilty of this and failed to see how effective their guns and searchlight defense were. During the war in Europe, German flak defenses accounted for more than half of the combat losses suffered by the United States Army Air Forces (USAAF). Only late in 1943 did the USAAF take German flak seriously: “it is probable that the importance of flak has been grossly underestimated.” From report titled Eighth Air Force’s Loss and Battle Damage subsection.

			One also has to remember that antiaircraft gun defenses both on land and on the sea did not operate in isolation. It was a combination of fighters and antiaircraft guns that made for an effective defense. Fighters alone could not do the job. They needed the guns.

			It also bears remembering that the first job of an antiaircraft gun defense is deterrence. Its job was to make a bomber fly higher and decrease its accuracy, break up incoming bomber formations, or cause them to turn back altogether. Destroying the aircraft was secondary. Antiaircraft fire also contributed with many hidden effects. Flak proved a huge benefit to fighter pilots assigned to attack incoming raids. Flak-damaged bombers were forced out of formation, making them easy prey for marauding fighters. Flak damaged tens of thousands of bombers. These bombers required repair, causing service rates to fall and thus reducing the number of bombers available for new operations. AA shrapnel also killed and wounded tens of thousands of aircrew, significantly reducing the overall efficiency and morale of numerous squadrons.

			At the beginning of the war, flak guns were not as effective as both the Allies and Germans had hoped. But there were some exceptions. Dutch AA defenses were able to destroy a huge number of German Ju-52s during the invasion of Holland. Early British bombing raids on German naval targets resulted in heavy losses. The combination of flak and fighters proved devastating, forcing the Royal Air Force (RAF) to switch from daylight attacks to a night bombing campaign. 

			On the sea early encounters between aircraft and capital ships showed just how vulnerable warships were to divebombing and torpedo attack. Here the evolution of the ships’ antiaircraft defenses resulted in more and better guns, improved radar and fire-control systems. Fortunately for the Americans these advancements would be in place and ready for the devastating kamikaze attacks in 1944 and 1945.

			The crucial role antiaircraft guns played in several key World War II battles—such as the defense of the port of Antwerp, Belgium—has been forgotten or ignored. Antwerp’s defense was given solely to American and British antiaircraft guns, a decision critical to the Allies’ success. There were no fighter squadrons assigned to help fend off the Germans. From October 1944 until March 1945, thousands of V-1 flying bombs were launched at Antwerp. There the gunners stood their ground with great success.

			This book will expose many of the remaining myths surrounding the effectiveness of the antiaircraft gun during World War II. Many of the most well-known air battles will be reexamined and the contributions made by the AA forces revealed for the first time.

		

	
		
			Chapter Two 

			Between the Wars—Theory and Practice Collide

			At the end of World War I, many saw the emergence of the fighter as the best instrument for air defense. AA gunnery had proven itself to be more of a dark art rather than a science, and for many it was seen as a failure. The wisest judgment, however, was not to view fighters and AA gunnery in isolation, but to recognize the value of both. What had been missed was how effective low-level antiaircraft fire from both machine guns and automatic cannons like the Maxim 37mm gun really was (it would remain so into World War II and well into the Vietnam War). Fighters and purpose-built aircraft assigned to the ground attack role suffered heavy casualties. It was not unusual for a fighter squadron to suffer a 30 percent casualty rate after just a few days of ground attack missions. In response the Germans developed the world’s first all-metal ground attack aircraft. The Junkers J.I was an extremely advanced design with a single-unit steel armored “bathtub” that extended from the nose to the rear crew position. The armor was 0.20 inch (5mm) thick and weighed 1,040 pounds (470 kilograms). This gave ample protection for the crew, engine, and fuel tanks. Where the antiaircraft guns fell short was in defending against the higher-flying zeppelins and large twin-engine and four-engine bombers like the German four-engine Zeppelin-Staaken R.VI strategic bomber.

			During the Great War the bomber was primarily a tactical weapon and best used in support of ground troops. The German zeppelin raids that began hitting England in January 1915 were followed by the more effective Gotha bomber raids beginning in May 1917. While these attacks were “strategic” in nature, they did not achieve their objectives. By 1918 fifty bombing raids on British towns had killed or injured around 2,000 people.

			On April 1, 1918, the Royal Air Force (RAF) was created. Born out of the German Gotha raids on London, the RAF was the world’s first independent air force. Given the task of bombing Germany, the new RAF was now seen as an instrument of attack, not defense. During the last few months of the war, RAF bombers began attacking targets in Germany with limited success. 

			For some time the future potential of the fighter held sway and brought about a sharp divergence in the technical development between the fighter and AA gunnery equipment and research. For the next twenty years gun advocates watched AA gunnery languishing in the shadow of the “fighter first” air defense. The next two decades also saw the struggle between those who saw the bomber, and its theoretical power, as either a “strategic” bomber or an instrument of tactical support for the army. 
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					Early detection methods for AA guns depended on sound detectors. This Chinese poster from the 1930s depicts several different detectors and the use of searchlights and barrage balloons in air defense. Sound detectors were not very efficient and suffered from “sonic lag”; by the time the engine noise of an approaching aircraft reached a sound detector, the distance it had traveled would put it farther ahead. Wind and atmospheric conditions further complicated pinpointing the aircraft’s location and computing a firing solution. Despite their problems the Germans still had 5,500 sound detectors in service in 1944. Author’s Collection

				

			

			For Germany World War I was a disaster. The Treaty of Versailles of 1919 dramatically reduced the size and offensive capability of the entire German armed forces. Article 160 of the treaty slashed the size of the German army to just 100,000 men. The treaty also restricted German antiaircraft artillery to just seven batteries of obsolete 77mm truck-mounted guns. In addition, the Reichswehr’s seven infantry regiments were restricted to one battery of twenty-four guns each. Ammunition was also targeted with just 1,500 rounds allowed per gun. These tight restrictions did not prevent attempts by retired and active-duty military officers to examine the lesson learned from the First World War.

			As restrictive as the Treaty of Versailles was for Germany, the other major powers including Britain, the United States, and France faced their own reductions. With the war over, military budgets were slashed, leaving Britain with just a single AA gun brigade and single searchlight battalion in 1919. The war also provided a vast surplus of every type of weapon. This meant all development in new aircraft, ships, guns, and tanks all but stopped for a good ten years.

			The rapid development of military aircraft in the Great War presented military planners with a number of new methods of attack. Capital ships at sea were now vulnerable to torpedo bombers; ground troops were subject to bombing and ground attacks; while cities like London and the industrial areas of the Ruhr were subject to attacks by large bombers and zeppelins. All these targets needed protection. While the fighter had proven to be the most effective way to shoot down enemy aircraft, it could not be everywhere at all times. It was the AA gun that would provide the deterrence needed to hinder any attack, especially at low altitudes where AA fire was most effective.

			In response to the Treaty of Versailles, Germany’s new small army established an air technical office responsible for collecting and studying aeronautical information. They also developed means and ways in which to hide their activities and circumvent the treaty. The German army also closely watched antiaircraft developments in other countries. Throughout the 1920s the Intelligence Section of the Truppenamt (T-3) gathered a wealth of knowledge pertaining to training, doctrine, and technological developments in foreign air forces. The victors, however, returned to peacetime activities like teaching or developing air doctrine. During the 1920s and well into the Second World War, the British QF 3-inch antiaircraft gun of World War I remained standard equipment in both the British army and navy. In the United States the M3 3-inch gun was adapted as standard equipment. For low-level protection the Browning .30-caliber and .50-caliber machine guns were pressed into service. The French continued with their trusted 75mm gun, producing models 1897 and 1928 antiaircraft mounts for both the army and navy. Not until 1938 did the French address the low-level regime with adoption of the Hotchkiss 25mm cannon.
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					The U.S. M3 3-inch antiaircraft gun was derived from the 3-inch 1917 AA gun, which entered service at the end of World War I. By the mid-1930s the M3 was considered obsolete, but in 1941 many were still in service in the Philippines and here in defense of the Panama Canal. NARA 

				

			

			Japanese development of antiaircraft guns and doctrine lagged badly behind the western powers. Largely insulated by oceans and focused on controlling Korea, Japan did not consider the full importance of a modern tactical air defense system (both fighters and AA guns). The Imperial Japanese Navy also suffered with a poor selection of antiaircraft weapons and fire-control systems. During the 1920s and up until the beginning of the war in the Pacific, Japan’s Type 11 75mm antiaircraft gun was standard.

			In the Soviet Union the German-Russian cooperation on aircraft design and testing in the early 1920s produced great benefits. This secret effort allowed Germany to circumvent the Versailles treaty’s prohibition on designing and testing new weapons, while the Russians gained vital information. This partnership led to the Russian 76.2mm model 1931 and later to the superb 85mm M1939 gun. Unlike the western powers Russian doctrine placed a heavy stress on low- and medium-range automatic weapons. This included the liberal use of machine guns of both 7.62mm and 12.7mm. Medium-range weapons were primarily of the 37mm size, which included designs from Sweden, France, and Britain.

			In Italy two new heavy guns would be produced, but in limited numbers. The first was the Cannone da 75/46 c.a. Modello 34 75mm gun, followed by the Cannone da 90/53 90mm gun. Both were excellent weapons, but Italy’s inability to produce guns in quantity would become a major problem later during the Second World War. By 1942 just 226 75mm guns were delivered. For low-level work the Italians used both the reliable Scotti and Breda 20mm guns.  
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					The Italian Cannone da 90/53 was first produced in 1939. An excellent weapon, the 90/53 compared favorably to any of its contemporaries. After the Italian surrender in 1943, the German valued the 90/53 so highly many were sent to Germany for the defense of the Reich and designated as the 90mm Flak 4(i). NARA
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					First introduced in 1934, the Italian Breda M/35 20mm cannon was an effective light AA gun. Seen here with Finnish troops, the Breda 20mm was fully automatic, but its rate of fire was adjustable with a practical rate of 150 rounds per minute. SA-kuva 

				

			

			The rise of Adolf Hitler and his Nationalist German Workers’ Party (NSDAP) in 1933 opened the door for the Reichswehr’s plan for expansion and rearmament. Upon appointment as chancellor, Hitler declared the armed forces as “the most important institution in the State.” Hitler strongly believed in a strong military, which included a strong defense of the Homeland against aerial attack. Hitler was also keenly aware of how vulnerable Germany would be to any future air attack and warned “with the present situation of German borders, there is only a very small area of a few kilometers which could not be visited by enemy aircraft within the first hour.” For Hitler a strong ground-based air defense system in many ways became an obsession. In the years between 1933 and 1939, the German air defenses underwent a rapid expansion and would ultimately become the most extensive and powerful ground-based defensive system ever devised. Hitler’s rise to power forced a new European arms race. As the Germans forged ahead, the Allies were forced to react.

			Leading the race would be the famous German 88m flak gun. Developed in great secrecy by a team of technicians from Krupp, the new 88mm Flak 18 (Flugabwehrkanone 18) entered service in 1933, a full year before Hitler openly declared Germany was rearming. By 1935 the Reich’s air defense system had fifteen heavy flak battalions and three light flak battalions. These battalions were well equipped. The heavy flak battalion included three batteries of four 88mm Flak 18 guns and two 20mm Flak 30 guns each, one battery of six 37mm Flak 18 guns, one battery of nine 150cm searchlights and six sound detectors, and one replacement battery. The light battalion consisted of three batteries of twelve 20mm and one battery of six 37mm guns. By the fall of 1936 the Luftwaffe air defense forces doubled in size to twenty-nine mixed (heavy and light flak guns) and eight light flak battalions.
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					Germany’s rearmament in 1934 led to the rapid expansion of the Luftwaffe and its Flak arm. Arguably the most famous piece of German artillery during the Second World War was the 88mm Flak 18, which entered service in 1933. Early Flak field works tended to be simple earthen berms as shown here in 1939. A well-trained crew could fire up to fifteen rounds per minute. NARA

				

			

			Just as Germany began to rearm, the evolution of the combat aircraft took the next big step. In June 1933 the world’s first all-metal bomber entered service with the U.S. Army Air Corps (USAAC). In terms of aerodynamics and design, the Martin B-10 was a huge leap forward. In a single stroke the new monoplane twin-engine bomber made all the world’s fabric-covered biplane bombers and fighters obsolete. The B-10 was a streamlined monocoque construction equipped with retractable landing gear, a fully enclosed cockpit, internal bomb bay, full engine cowlings, variable pitch propellers, and a rotating front gun turret. Powered by two Wright-Cyclone R-1820 engines developing 775 horsepower each, the B-10 had a top speed of 213 mph (almost double the speed of Britain’s last biplane bomber, the Handley Page Heyford, which entered service in 1933). This huge increase in speed meant antiaircraft defenses now had to deal with a high-flying, fast bomber. The time to detect, track, and engage this new target was now greatly reduced. The existing antiaircraft guns of the day were rendered obsolete. New early detection devices, the ability to track and aim accurately, and guns with higher velocities and range were now needed. 

			In July 1936 the Spanish Civil War erupted. Hitler decided to support Franco and his Nationalist rebellion. This gave the Luftwaffe a chance to test its new weapons, doctrine, and tactics on an actual battlefield. In late July 1936 one of the first German ships sailed from Hamburg with a cargo of twenty 20mm flak guns. By October 1936 the Condor Legion had been established with some 5,000 “volunteers,” one hundred aircraft (which included the new monoplane Heinkel He-111 and Dornier Do-17 bombers along with the Junkers Ju-87 divebomber), and one flak section of eight gun batteries. One battery was designated as a training unit for the Nationalist forces with the rest, five 88mm batteries and two 20mm and 37mm batteries, assigned to air defense. In the first few months of the war, aerial targets were few and far between. Over a period of 277 days, the flak guns were active in 377 engagements, but only thirty-one were directed at aircraft. The remainder were directed at ground targets.

			By 1938 the Republican air force had gained in strength. The infusion of Russian Polikarpov I-15, I-16 fighters and the all-metal monoplane Tupolev SB “Katuska” bomber greatly enhanced the Republican forces. When the war ended in 1939, the Luftwaffe flak “volunteers” of the Condor Legion were credited with fifty-nine aircraft shot down. That represented 15 percent of the legion’s total of 386 Republican aircraft shot down by fighters. Considering the small size of the flak force, it was an impressive number. The new experience gained in Spain provided the Luftwaffe with a wealth of expertise and knowledge. The failure of flak at night was a result of the lack of searchlights and timely detection. But the Flak arm had also proven itself as a jack-of-all-trades capable of performing a variety of missions as both artillery in support of ground forces and air defense. This experience would soon be put to good use on the battlefields of Europe.

			Well before the Spanish war began, Britain clearly knew the coming war with Germany would be fought with France as an ally and with the invasion of Holland and Belgium as a very real possibility. Not only could the Luftwaffe launch bombers from Germany, but with new bases in the Low Countries, the number and scale of air attacks would only increase in size and intensity. To meet the new threat, the Air Defenses of Great Britain (ADGB) had been busy. Since its formation in 1924, ADGB had studied the guns, fighters, and searchlights designed to defend the UK in detail. The rising speeds and altitudes of new aircraft made the existing 1913 vintage 3-inch 20-cwt gun all but obsolete. By 1933 trials had begun on a new set of guns that would modernize Britain’s high-altitude antiaircraft defenses. In 1933 a specification for a new heavy antiaircraft gun was issued. In 1936 Vickers-Armstrong produced the 3.7-inch gun prototype with trials beginning in 1937. The gun was a great success, exceeding specifications and capable of firing a 28-pound shell to a maximum height of 41,000 feet at a rate of ten rounds per minute. This figure was misleading. Trial guns fired fuse-less solid rounds straight up. But guns in action had to fire explosive time-fused shells. In 1938 the maximum fuse-operating time was twenty-five seconds. With a gun at its normal elevation of 80 degrees, this reduced its effective ceiling to 28,000 feet. This would be later increased to 32,000 feet with the introduction of better fire control and new fuses. 
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					The QF 3.7-inch heavy antiaircraft gun was the most widely used AA gun by both Britain and its Commonwealth allies. It would see action on every front except the Eastern. Roughly the equivalent of the German 88m Flak 18 and American M1 90mm, the 3.7 (94mm) fired a 28-pound shell with an effective ceiling of 28,000 feet. Both the Germans and Japanese also used captured examples. Here Canadian troops train on the west coast of Canada. Department of National Defence 

				

			

			This was followed by the more powerful Ordnance QF 4.5-inch Mk II, an adaptation of the 4.5-inch naval gun. The Admiralty needed a weapon specifically to defend ports and pointed to their existing commitment to their 4.5-inch gun. The War Office agreed and in 1936 the 4.5-inch gun was given the green light. The QF 4.5-inch Mk II was a powerful gun capable of hurling a 54-pound shell well over 25,000 feet. Unlike the 3.7-inch, the 4.5 would always be a static weapon. Married to these new guns were the Vickers Predictor AA No. 1, and the 15-foot-long Barr & Stroud height-finder and a smaller separate range finder. The Vickers Predictor was the world’s first working Predictor.
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					American gunners man a British Stroud No. 1 Mk IV height-finder, Iceland 1942. Heavy antiaircraft batteries usually deployed in half-batteries of four guns. Each battery had its own height-finder and predictor. Author’s Collection

				

			

			During the First World War many simple aids to improve gun aiming and fuse settings were devised and tried, but with little success. It became clear that for an antiaircraft defense to be successful it needed a computing mechanism of considerable mathematical and mechanical complexity that was rapid and automated to a certain degree. In the 1920s several instruments were developed, but it was not until the introduction of the Vickers Predictor in 1927 that the problem was solved. The Americans followed with their Sperry T-6 Predictor and the Germans with their Kommandogerat P 27 fire director in 1930.

			In essence the Predictor was an analog computer. When fed with the position, speed, height, range, and course of an aircraft together with data such as wind speed and direction, plus the battery’s position, it could calculate the information needed to put an exploding shell in the path of an incoming bomber. This data was transmitted electrically to the guns, where dials showed the bearing, elevation, and fuse setting.

			The British also, along with a number of other Allied nations, adapted the Swedish Bofors 40mm automatic cannon for low- and medium-altitude work. The Bofors has been called the greatest antiaircraft gun of World War II and for good reason. The first prototype was completed in November 1931 with production beginning in 1933. Firing a 2-pound high explosive contact fused shell at a velocity of 2,960 feet per second, at a rate of 120 rounds per minute, the Bofors was a deadly weapon up to 3,000 yards. Production in the UK began in 1937, but at the beginning of World War II, just 253 were available for action. 

			The invention of radar greatly improved antiaircraft defenses. Though they have often been credited with the invention of radar, the British were not alone in their quest. As early as 1933, the German navy was conducting initial tests with the new technology. This was followed by British experimental work, which began in 1935. The key to any effective defensive system against bomber attack was early detection. New high-flying bombers like the British Vickers Wellington, American Boeing B-17, and German Heinkel He-111 bombers could approach a target well beyond visual and sound range. Unless sighted early, intercepting fighters would be all but useless. Standing patrols of fighters over vital targets were extremely inefficient and required large numbers for any chance of success. Radar gave AA gunners time to prepare, giving them height and direction: information vital for any effective defense.

			For AA gunners the coming war would prove to be an immense challenge. Aerial threats would come in at low, medium, and high altitude and include four-engine strategic bombers (Boeing B-17, Avro Lancaster, Boeing B-29), light bombers (de Havilland Mosquito, Douglas A-20), medium bombers (Mitchell B-25, Mitsubishi G4M, Junkers Ju-88), divebombers (Junkers Ju-87, Blackburn Skua, Tupolev Tu-2), ground attack (Ilyushin Il-2 Shturmovik, Henschel Hs-129), and fighter-bombers (Supermarine Spitfire, Focke Wulf Fw-190, Republic P-47). They would also face two new and terrifying weapons: the German V-1 flying bomb (the world’s first cruise missile) and the Japanese kamikaze suicide attacks. 

			At the outbreak of war on September 1, 1939, the antiaircraft forces of the major European powers stood as follows:

			
					Germany: 2,628 88mm and 105mm guns, 6,700 20mm and 37mm guns, 1,692 150cm searchlights, and 2,052 60cm searchlights. This total also included three railroad flak battalions as well as seven naval flak battalions.

					United Kingdom: 1,296 heavy flak guns (4.5-inch, 3.7-inch, and 3-inch), an assortment of some 1,200 light guns (40mm Bofors, 2-pounders, 20mm guns with the majority being rifle-caliber Lewis machine guns), 2,500 searchlights. 

					France: A diverse collection of 1,261 artillery pieces and some 1,800 machine guns.

					United States: The antiaircraft forces of the U.S. Army trailed those of the British and Germans and consisted mostly of 3-inch guns and machine guns. It was not until 1940 that the production of new 37mm M1 and 90mm M1 guns began.
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			Just as the all-metal monoplane bomber revolution had dramatically changed the AA air defense equation in the 1930s, the advent of the world’s first carrier-borne divebombers and torpedo bombers also created a whole new set of problems for ship-borne AA guns.
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					“The primary mission of anti-aircraft artillery automatic weapons is to attack all enemy aircraft within range, particularly low-flying airplanes, to destroy them, to cause them to abandon their missions, or to decrease the efficiency of their operations.” Designed for just that role, the American M1A2 37mm gun entered production in 1940 and would see service on every American front during the war. NARA Training Manual 1944

				

			

			During the Great Depression both the United States and United Kingdom suffered from tight military budgets. Desired antiaircraft upgrades were put aside with many ships equipped with guns from the First World War. As an example, the first new British battleship, HMS Rodney launched in 1922, was equipped with six QF 4.7 Mk VIII antiaircraft guns and eight 2-pounder automatic guns. This would remain as standard armament right up to the beginning of World War II.

			The experience of World War I gave the navies of the world a new perspective on airpower. Both the British and Germans used torpedo bombers in combat. The British considered the reconnaissance zeppelins to be a major threat in the North Sea and aircraft proved their worth in anti-submarine operations. From 1931 to 1933 the Royal Navy’s Anti-Aircraft Committee reviewed the situation and cited the rise of ship-based aircraft in the U.S. and Japanese navies as a growing threat.

			The first purpose-designed and -built aircraft carrier to be laid down was the British HMS Hermes in 1918. This was followed by the Japanese carrier Hosho the following year. The Hermes was capable of carrying twenty aircraft and was armed with just four 4-inch antiaircraft guns. The Hosho carried fifteen aircraft and was armed with just two 80mm antiaircraft guns. By themselves these two carriers did little to alter the battleship-centric thinking of the world’s major navies. Their small complement of aircraft offered the fleet good reconnaissance but little else. What they did provide was the chance to experiment and test new aircraft and flight deck techniques.

			When the carrier USS Saratoga was introduced in 1928, its sheer size and capability set in motion a slow evolution from the primacy of the battleship to the carrier as the most powerful ships afloat. The Saratoga was a big ship at 888 feet long and 106 feet wide, capable of carrying between seventy and ninety aircraft. At the time of her launch, her main armament consisted of four double mounts of 8-inch/.55-caliber guns and twelve single 5-inch Mk 10/.25-caliber antiaircraft guns and eight .50-caliber machine guns. The 8-inch guns represented a thought process rooted in the past. It was believed the Saratoga would not require an escort and could engage surface ships head on. It was a flawed doctrine, but it was not until January 1942 that these guns were removed and replaced by four twin 5-inch/.38-caliber dual-purpose gun mounts.

			In 1936 the Saratoga’s air group consisted of eighteen Grumman F2F-1 and 18 Boeing F4B fighters, with nine F2Fs in reserve. For strike operations her air group was equipped with twenty Vought SBU Corsair divebombers with ten spares and eighteen Great Lakes BG torpedo bombers and nine spares. With the Saratoga and her sister ship the USS Lexington, the U.S. Navy possessed a potent aerial strike force. At the time these two carriers were the fastest available and each carried more aircraft than any other carrier in the world. 

			Early studies by the U.S. Naval War College showed that very large numbers of aircraft would be required to gain any tactical advantage. After one of the U.S. Navy’s annual Fleet Problems (fleet exercise in the late 1930s) in the Pacific, the main complaint of the battleship officers was the carriers had basically fought amongst themselves, depriving them of vital air cover. And because the carriers could operate well away from the battle line, leaving the battleships and themselves to their own devices, the need for
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