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Nuclear payloads

1.  Land-launched intercontinental missiles

     A. Liquid propellant missiles

     B. Liquid propellant space planes

     C. Solid propellant missiles

2.  Submarine-launched missiles

     A. Sub-launched cruise missiles

     B. Sub-launched ballistic missiles

3.  Intercontinental jet bombers
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V-1 (Fieseler Fi 103) Cruise Missile, First Flown in 1942
Robert Lusser
(1899–1969)

Paul Schmidt
(1898–1976)

Fritz Gosslau
(1898–1965)



H. H. Smith, N. W. Dickson, V. P. Kovac, 
and E. H. Bennett. German Developments 
in the Guided Missile Field. 10 January 
1946. Project 2874. NARA RG 319, Entry 
NM3-82, Box 2879, Folder Project 2784.

Piloted V-1

Heinkel He 111 with unpiloted
V-1 under the wing as an

air-launched cruise missile

Sub-Launched,
Air-Launched, 
and Piloted V-1 
Cruise Missiles



Edmund Sorg. 17 August 1946. 
Betrachtungen über die bemannte V 1 im 
Zusammenhang mit Atomenergie. TNA 
(Kew) FO 1031/57. 

An improved manned V1 with atomic 
energy as a charge, in short a manned 
controllable atomic bomb, which can 
certainly be released by modern, fast, large 
airplanes close to its target, ensures a safe 
destruction of this target given that it is 
steered by the hands of a pilot ready to 
sacrifice himself. Guiding such a bomb by a 
remote control of any kind does not ensure 
the absolute certainty of hitting the target 
correctly. This happens because at this time 
it is technically possible for the enemy to 
interfere with the remote control and also 
influence the people controlling the remote 
guidance. This results in sources of error 
that seriously jeopardize the success of such 
a bomb. On the other hand, a human-
controlled bomb offers the greatest possible 
prospects of success.

Nuclear-Armed V-1



Nuclear
Armed

V-1

Immediately blow up V 1 devices near Berlin.

Hans Kammler.
23 April 1945 telegram.
Bundesarchiv, Bestand

NS 3/514, pp. 31-32.

Where are
the reports?
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Clayton Bissell and Hewlett Thebaud 
to the Joint Chiefs of Staff. 9 
December 1944. Subject: Agreed 
Joint Evaluation of the Possible 
Existence of the V-3 Rocket and 
Probability of Attack against the U.S. 
FDR Library, Hyde Park, New York. 
Map Room Files, Box 164, Folder 
Naval Aides. Files: A/16---General 
Correspondence.

[…] The V-3 may possibly be a rocket 
of smaller dimensions than the V-2 
with a shorter range. It would be 
possible to launch such a missile from 
specially designed or modified 
submarines. Attached is a sketch of a 
German submarine based in a 
southern Norwegian port showing a 
pair of rails extending from conning 
tower to the bow and terminating at a 
flat, rectangular surface. The purpose 
of this is unknown.

Wartime Submarine-Launched V-1 Cruise Missiles



J. Edgar Hoover to Harry Hopkins. 8 January 1945. FDR 
Library, Hyde Park, New York. Official File 10b. Box 20. Folder 
OF 10-b, Justice Department, FBI Reports 1944-45. 2597-2618.

During the interrogation of William Curtis Colepaugh, the 
enemy agent who was landed by German submarine off the 
coast of Frenchman's Bay, Maine, on the night of November 29, 
1944, several interesting features have arisen concerning his 
submarine trip to the United States. [...] Upon arrival at 
Kristianson, Norway, on the U-1230 he learned that the U-1231 
and the U-1233, both submarines of the same type as the U-1230, 
had just completed some sort of test at Kristianson, Norway.

Colepaugh has said that members of the crew of the U-1230 
indicated in conversation that they had observed at one of the 
submarine ports near Danzig some members of other submarine 
crews practicing in groups with equipment of a rocket or gun 
type on the deck and these crew members presumed this 
equipment would be used against the United States. He said the 
crew members he talked with were pretty definite about this 
stating that the submarines would proceed to within 100 or 200 
miles of the United States and then fire these rockets.

Robot Bomb Attacks Here Held ‘Probable’ by Admiral. New 
York Times, 9 January 1945, pp. 1, 6.

AN EAST COAST PORT, Jan. 8---A strategically futile attack 
on New York or Washington by robot bombs within thirty to 
sixty days was described today as not only “possible but 
probable” by Admiral Jonas H. Ingram, new Commander in 
Chief of the Atlantic Fleet, whose command stretches from the 
Arctic to the Falkland Islands. [...]

“And we know very definitely that there are three ways in which 
he might get robot bombs within range of either city. He might 
sneak a half dozen submarines off the coast. He might launch 
robots from the long-range planes we know he has. Or he might 
sneak a surface ship, disguised as a neutral, within range.”

Dwight Eisenhower to AGWAR. 1 November 1944. Outgoing Cable. TNA 
(Kew) WO 219/298.

Special Force report quoting Danish source states U-boat will be leaving 
European waters shortly to launch V-1s against NEW YORK. Date of report 30 
October.

Clayton Bissell to Stockholm Military Attaché. 3 November 1944. Outgoing 
Cable WAR 56799. FDR Library, Hyde Park, New York. Map Room Files, Box 
49, Folder Rocket Bombs 1944.

Have been advised through OSS that Tykander their representative in 
Stockholm has received reliable information that German U boats are equipped 
with bomb launching platforms. Investigate and keep us fully informed.

Dwight Eisenhower to AGWAR. 13 November 1944. Outgoing Cable S-66672. 
TNA (Kew) WO 219/298.

Special Force Headquarters reports same source reported 7 November that he 
believed 4 U-Boats were to be used in operation against NEW YORK operating 
from BERGEN but course and rate unknown. 

U-Boat Aimed V-Bomb Here, Army Paper Says.  NY Times. 15 May 1945 p. 10.

A German submarine tried to V-bomb New York last election day, presumably 
with a jet-propelled or rocket-propelled weapon, the Army newspaper Stars 
and Stripes reported tonight, quoting “sources considered reliable.” It was 
reported that the bomb was launched from the deck of a U-boat lying off the 
coast and that it fell short or was knocked down by fighter planes patrolling as 
a screen against any such projectiles. The Stars and Stripes said that 
“operators” at Mitchel Field were quoted as having said that it was determined 
that the bomb fell into the sea. 

S. McClintic, Headquarters U.S. Strategic Air Forces in Europe, Office of the 
Director of Intelligence, to George C. McDonald. 6 January 1945. Big Ben 
(Rockets). AFHRA A5734 pdf p. 1093.

Again we receive reports of ships being constructed for the launching of flying 
bombs, this one a 6000 ton boat at Hamburg, and another report that the 
shipyards, DEUTSCHE WERFT BETRIEB FINKENWERDER are putting 
ramps on the decks.

Wartime Submarine-Launched V-1 Cruise Missiles Where are
the reports?



U.S. copies of V-1 cruise missile (“Loon”)
launched from U.S. submarine USS Cusk

(first launched 12 February 1947)

Postwar Submarine-Launched V-1 Cruise Missiles



Postwar Cruise Missiles

For more information, see Forgotten Creators 9.6 and E.4
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Wartime Submarine-Launched Ballistic Missiles (SLBMs)

NARA RG 38, Entry P5,
NavTecMisEu 500-45

Bundesarchiv Militärarchiv
Freiburg RH 8/369



Deutsches U-Boot-Museum. U 511 and Missiles: U 511, U 1063 and 
plans for U-boats armed with seabased missiles. 
http://dubm.de/en/u-511-and-missiles/

Also, the vision, born after the US entered the war, to fire at the US 
an advanced multiple stage version of the V-2 (the project A-9/A-10 
with ranges of more than 5,000 km) gained some momentum 
following a proposal brought forward by a director of the “Deutsch 
Arbeitsfront” (= German Labor Front, a sort of national socialistic 
controlled trade union), Otto Lafferenz. After a visit of the facilities 
at Peenemünde and a meeting with the Military Commander, 
Major General Walter Dornberger, in the Autumn of 1943, he 
proposed to develop floating containers to accommodate V-2s and 
to tow them by U-boats before the US Eastern coast, to fire at New 
York and other area targets utilizing on their range up to 300 km. 
This arms project now called “Lafferenz-Project” (somewhat 
irritating, various authors in historic writing use other project 
names such as “Schwimmweste” = “Life Vest”, “Apparat F”, or 
“Prüfstand XII” = “Test Stand XII”) was consequently developed 
further, and as a first step a floating container was invented able to 
transport and launch, to be towed by U-boats. The end status of the 
concept envisaged an operation, where up to three containers were 
towed simultaneously by U-boats across the Atlantic Ocean, to be 
erected in some distance before the coasts into a vertical firing 
position by partial flooding---and to launch the V-2s.

For that the Weapons Test Command No. 10 at Stetting developed a 
container with a length of about 32 meters, a diameter of about 5.5 
meters and a displacement of some 300 tons, to be constructed at 
the Vulcan shipyard at Stettin. At the turn of 1944 to 1945 
successful towing trials were actually executed using the type VII 
C/41 U-boat U 1063, which went through its basic and combat 
readiness training with the 5th U-boat (Training) Flotilla at Stetting 
at that time, after it had been commissioned on 08 July 1944 at the 
end of its construction by the Germania shipyard at Kiel. Following 
its training period until the end of February 1945 the U-boats came 
frontal unit as of 01 May 1945 at Bergen, Norway.

Submarine-Towed Launch Platform for V-2 (1943-1945)

Where are
the reports?

Bundesarchiv Militärarchiv
Freiburg RH 8/4067K



What is more, in addition to A-9 bombing, the Germans wanted to undertake direct bombing of the American 
coastline using submarine-launched V-2s. This was their second new weapon against America. It was to come 
into action at the same time as the A-9, i.e. in early summer 1945. [...]

The idea of using submarines to transport V-2s dates back to 1942. At the same time as industrial production 
of the V-2s was being undertaken, Hitler's entourage had paid close attention to the amphibious V-2 project 
that von Braun's team had just drawn up. But the practical development work was long and tedious, and was 
not completed until 1944, when the first submarine capable of launching V-2s was actually built. [...]

It transpires that the tests were to be completed by the time of the German collapse in 1945, and that the 
Germans were preparing to continue the tests on America itself. What area would have been threatened? It 
seems that the range of the amphibious V-2, at least in the state left by the experimental research at Lake 
Toplitz, was considerably less than that of the ordinary V-2, of the order of only 150 to 200 kilometers. 
Needless to say, this would still have been more than sufficient for bombing American ports such as Boston, 
New York, Philadelphia, Baltimore, and Charleston. Obviously, the greater the depth at which the submarines 
operated, the shorter their range. We have seen that the latest German submarines could operate at a depth of 
300 meters; however, it doesn't seem that an amphibious V-2 launch could have been envisaged from such a 
depth.

In any case, the threat would have been extremely serious for the American coast, since, on the one hand, once 
the V-2 had been launched, it has so far been impossible to defend against it, and, on the other hand, detecting 
and combating the new German submarines would have been no small matter, independently of the V-2's self-
guidance by infra-red ray detection or other means. [...]

Germany was probably thinking of attacking American territory beginning in June 1945. It should be noted 
that while the use of other secret weapons, such as flying bombs and new rocket planes, was literally 
imminent, this threat to the United States must be located six weeks or two months after the date of the 
collapse of the Reich. We are allowed to consider it almost as dangerous, especially since the amphibious V-2s, 
too, could very well have carried atomic bombs.

Albert Ducrocq. 1947. Les Armes Secrètes Allemandes. Paris: Berger-Levrault. pp. 161-163.



Advanced Submarines (1938-1945)



Sonar Anti-Sonar
U-480 submarine covered with

Alberich anti-sonar rubber tiles (1943)
Alexander Behm (1880–1952)
invented sonar (1912)

Sophisticated sonar systems
were developed by:

   1. Atlas Werke (Bremen)

   2. ELAC (Kiel)

   3. GEMA (Berlin)

   4. AEG (Berlin)



Postwar U.S.
Submarine-
Launched
Missiles

Willy Fiedler
(1908–1998)



Postwar U.S. Sub-
Launched Missiles

Karl Klager
(1908–2002)



Wolfgang
Noeggerath
(1908–1973)

U.S.
Navy

Polaris
A-1

(1958)

Postwar U.S.
Submarine-
Launched
Missiles

Many other
Germans &
Austrians



The first Soviet 
SLBMs were 

directly based on 
the German 
Wasserfall 

missile and were 
launched from a 
Zulu class sub,

which was 
directly based on 
the German Type 
XXI submarine

Postwar Soviet SLBMs Using German Technology

For more information, see Forgotten Creators 9.8 and E.4



Communications with Submarines

Goliath low-frequency radio transmitter to communicate
with submarines (Kalbe an der Milde, operational in 1943) 

U.S. low-frequency
radio transmitter
to communicate
with submarines

(U.S. Navy
Clam Lake facility,

Wisconsin,
operational in 1985)
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  (Max range will depend on payload)
Aircraft   Max range  Max payload

Bf 109   1000 km  0.3 ton
Ar 234   1560 km  0.5 ton
Me 262   1050 km  0.5 ton
Ho 229   1900 km  1 ton
Ju 287   1570 km  1 ton
Me 410   1500 km  1 ton

Ju 88   1800 km  3 tons
Ju 290   6150 km  3 tons
Ar 232   1060 km  4.5 tons

He 177   6000 km  10 tons
Ju 390   8000 km  10 tons
Me 323   800 km   10 tons

Examples of Wartime Aircraft and Their Ranges and Payload

Could carry
small (0.3 ton) 

nuclear weapon

Could carry
medium (2 tons) 
nuclear weapon

Could carry 
large (6 tons) 

nuclear weapon



Caption on photo: “Ordnance experts examine a 35,000 pound German giant 
aerial bomb upon its arrival at the New Orleans Port of Embarkation, La., 
from Germany. 11 March 1948.”                 What wartime German aircraft 
were intended to carry a 35,000 lb [16 ton] bomb? What did the bomb contain?



Larger versions were designed as 
intercontinental jet bombers; see e.g.:

Griehl, Manfred. 2005. Jet Planes of 
the Third Reich: The Secret Projects 
Vol. 2.

Herwig, Dieter, and Heinz Rode. 
2000. Luftwaffe Secret Projects: 
Strategic Bombers 1935-1945. 2nd ed.

Masters, David. 1982. German Jet 
Genesis, esp. pp. 79-80.

Miranda, Justo. 2015. The Ultimate 
Flying Wings of the Luftwaffe.

Myhra, David. 1998a. Secret Aircraft 
Designs of the Third Reich, esp. pp. 
156-160.

Myhra, David. 1998b. The Horten 
Brothers and their All-Wing Aircraft.

Flying Wing
Jet Fighters 
Were Built

Horten Ho 229
(first flight 1944)



After the war, a group of German aerospace engineers offered to immediately begin 
building the U.S. a 7,000-km-range (14,000-km round trip), 6-jet-engine flying wing 
bomber. Was their offer based on an aircraft they had already built during the war?

FOIA: Operation Harass and 
the Horton Brothers. Control 
Number: FP-10-027542.  
Activity Number: FA-10-
4911.  Initial Reception Date: 
7/13/2010.  Requested by: 
Jacobsen, Annie.  
documents.theblackvault.com
/documents/foia/4402F-
12Greenewald_Redacted.pdfWhere are the reports?



Intercontinental Bombers Were Built.
Where Are the Detailed Reports?



New York Bomber Built in Germany. De Seversky Says 
Principal Bar to Use Was Its High Rate of Fuel 
Consumption. New York Times, 8 June 1945. 

The Germans planned to bomb New York and other 
eastern American ports and, according to Hermann 
Goering, were within a few months of working out the 
kinks in a jet-propelled plane that would do it, Maj. 
Alexander P. de Seversky, airplane designer and airpower 
advocate, said today.

Major de Seversky, World War I commander of the 
Russian Navy's Baltic fighter plane force, has been 
touring Germany as a special air consultant to Secretary 
of War Henry L. Stimson. He interviewed Goering with 
Gen. Carl A. Spaatz right after Goering was captured at 
Augsburg. […] 

The Germans’ “New York” bomber, a prototype of which 
was found at an undisclosed place in France, was a 
Messerschmitt 264. It had four engines with jet 
propulsion for high altitudes, Major de Seversky said. The 
Germans started working on it before the war, designing 
it to cross the Atlantic and return nonstop with two or 
three tons of bombs. The only obstacle to its introduction 
was its big fuel consumption, but this, Goering asserted, 
the Germans had expected to solve in a few months.

German ‘Flying Wing’ Factory Found by 
Yanks. 718 M.P.H. Claimed; Plane Tailless. 
Chicago Daily Tribune, 13 April 1945, p. 9. 

GOETTINGEN, Germany, April 9 [Delayed]---
A factory in which the Germans had been 
experimenting with a “flying wing,” a super-
powerful plane without fuselage or tail, has 
been overrun by American infantry. Both 
bomber and fighter types had been produced, 
with one to six engines. Later models were jet 
propelled.

Eight German technicians who had been left 
behind said they had flown the flying wings and 
found them much more maneuverable and of 
greater stability than conventional type planes.

One model was said to have a speed of 625 
miles an hour at an altitude of 3,280 feet and 
718 miles an hour at 4,600 feet. The plane's 
ceiling is about 52,500 feet, with a climbing rate 
of 65.6 feet a second. Its flying radius was 
reported at 937 miles.

This plane was designed to carry two bombs 
under the wings.

Intercontinental Jet Bombers Were Built—Where Are the Reports?



Planes to Bomb N. Y. Uncovered. Stars 
and Stripes. Paris ed., 30 June 1945, p. 8.

21st  ARMY  GROUP.  June  29  (AP).–
The Germans had “almost completed” 
preparations to bomb New York  from a 
“colossal airfield” near Oslo when the 
war ended, RAF officers disclosed today.
“Forty giant bombers, with a 7000-mile 
range, were found on this base–the 
largest Luftwaffe field I have ever seen,” 
a senior officer said. “They were the new 
type bombers developed by Heinkel. 
They are now being dismantled for study. 
German ground crews said the planes 
were held in readiness for missions to 
New York.”
Hundreds of different type planes were 
taken intact on the field, cut through a 
pine forest about five miles from Oslo. 
Some of the latest model fighters, 
including the JU88 night fighters, 
equipped with intricate Radar devices to 
guide pilots to their target, were found.
RAF officers said they were indications 
that the Germans had planned a “last-
ditch stand” in the area and were 
hoarding their newest bombers and 
fighters.

Preparing. Behind the Lines. Flight. 11 May 1944 p. 503.

Only time will show the real purpose of the new chain of airfields now 
being established by the Luftwaffe in Norway. But whether for defence 
or offence, reports indicate a feverish activity in the expansion of 
existing landing facilities and the construction of new ones.

Over 300 acres of forest have been cleared to make room for the big 
airfield which the Germans are building at Halsemoen, Flisa, about 
twenty miles from the Swedish border and about fifty miles from the big 
air base at Gardemoen which has recently been substantially enlarged.

The work on the Haslemoen airfield started in January and large areas 
have been evacuated, schools and churches requisitioned, and farms 
devastated. The whole district has been practically destroyed. One 
thousand Russian prisoners and 800 Norwegian slave labourers are 
engaged on the work. 

Only twelve miles from this airfield another temporary one is being 
rapidly built, and the construction of a third situated close to the 
Swedish border, was started at the end of last month.

Both the Fornebu airfield, near Oslo, and the Bardufors, in the county 
of Troms, are being expanded. […]

In Denmark, too, the Luftwaffe is preparing; the Kastrup airfield is 
being transformed from a training to an operational base; many 
bombers are reported to have arrived and stocks of bombs are placed 
around the periphery.

On the Avedore airfield the B.M.W. have installed repair workshops for 
their engines, while the Heinkel concern has taken over the engine shops 
of the naval dockyards.

40 Intercontinental Bombers in Norway—Where Are the Reports?



Chlorine Trifluoride (???) Stockpiled at Norway Airfields



Siegfried Günter and
Ernst Heinkel (1941)

J. L. Newton. January 1946. German Aircraft: New 
and Projected Types. A.I.2(G) Report No. 2383. 
Imperial War Museum Archive, Duxford, UK.



Ernst Heinkel. 1956. Stormy Life: Memoirs of a Pioneer of the Air 
Age. New York: E. P. Dutton. pp. 236-241, 246-247.
After returning home on August 5, 1945, I wanted to see the 
situation in Jenbach with my own eyes. [...]
Stopping at Landsberg, I searched for Siegfried Günter, who had 
escaped there in the middle of April, 1945, and had managed to 
carry on a primitive office with thirty-five other employees from 
my design office. I found him---the most important expert on 
airplane structures and aerodynamics that Europe had at that 
time---living with his wife in a small room. He was working with 
ten of my people in a technical office that an American, Major 
Cardenas, had established on the airfield. They had tried in vain 
to call the attention of the American military authorities to the 
importance of Günter.
Günter was too modest and shy to blow his own horn. Now he 
was happy that Cardenas had enabled him to carry on his 
scientific work. This work embraced everything we had planned 
for the future in the way of fresh developments in jet propulsion. 
He was particularly engrossed with new “flying wing” types. I 
hoped on this visit that Günter would find a permanent outlet for 
his activities, either in Landsberg or in America.
I knew him. His only happiness was in scientific work and I told 
this to Cardenas. A few weeks later, however, at the end of 
September, Cardenas closed his office and flew to England. He 
informed Günter that a larger office was planned in Wiesbaden 
and that he would send for him, but he never did.
Günter remained in Landsberg until the spring of 1946, when his 
money ran out. During the last weeks he constantly repeated that 
he had no skill for anything else---he had to build airplanes. If the 
West didn’t want him, he might have to work for the East. At that 
moment, I was empty-handed and could do nothing for the man 
who for so many years had been my closest collaborator and 
whose unique abilities no one could appreciate better than myself.

In the spring of 1946 he used the last of his money to go to Berlin 
to see his father-in-law, who kept a garage. He still hoped the 
Americans would send for him, and left his address in case some 
message should arrive, but no message came.
Instead, the Soviet special experimental unit OKB IV, in Berlin, 
took him on. Günter continued to work on our latest designs and 
was then taken to Russia, where, I am convinced, he worked on 
constructions that today have become a problem for the Western 
world.

Dieter Herwig and Heinz Rode. 2000. Luftwaffe Secret Projects: 
Strategic Bombers 1935-1945. 2nd ed. Hinckley, UK: Midland. p. 
68. Heinkel Projects for a Four-Jet Long-Range Bomber

According to a report which Dipl-Ing Siegfried Günter—who had 
been head of Heinkel’s Project and Design Department in 
Vienna—was required to write for the US Technical Service on 
1st October 1945, Heinkel engineers had been engaged on designs 
for four-jet long-range bombers right up until May 1945. These 
designs included not only aircraft of standard ‘fuselage and tail’ 
configuration, but also of flying-wing layout. 
Work was concentrated particularly on one flying-wing bomber 
which was powered by four HeS 109-011 jet engines, each 
developing 1,300 kg (2,865 lb) static thrust, and which weighed 26 
tons. 
Another flying-wing bomber was to have been fitted with either 
four BMW 109-018s, each of 3,000 kg (6,612 lb) static thrust, or 
six Junkers Jumo 004 jet engines, each of 1,300 kg (2,865 lb) 
static thrust. This machine which possessed a very high wing 
loading, would have weighed 60 tons. [...]

Again according to Günter’s report, the 60-ton flying-wing 
project was to have combined a 3,000 kg (6,612 lb) bomb load 
with a range of 28,000 km (17,388 miles).

Ernst Heinkel and Siegfried Günter—Where Are the Reports?



E.6. ANALYSIS OF ADVANCED JET DEVELOPMENTS 5793

Equation (E.24) can also be applied to calculate the maximum theoretical range of various possible
categories of German bombers. Like the B-29, such bombers would have had a likely cruising
altitude of 9–10 km, where the speed of sound (Mach 1) is approximately 300 m/sec. Piston-
powered propeller aircraft might have been designed to cruise at Mach 0.33 → 100 m/sec with
Isp → 6500 sec like the B-29. Turboprop aircraft might have been designed to cruise at Mach 0.5
→ 150 m/sec with Isp → 12, 000 sec. Turbojet and turbofan aircraft might have been designed to
cruise at Mach 0.8 → 240 m/sec, with Isp → 3600 sec for turbojets and Isp → 6000 sec for turbofans.
For all categories of aircraft, the largest likely lift-to-drag ratio would have been CL/CD → 20. The
mass ratio likely would have been around Mfinal/Minitial → 0.6 (40% of the initial aircraft weight is
fuel), although one can also consider the very optimistic case with Mfinal/Minitial → 0.5 (50% of the
initial aircraft weight is fuel). Using Eq. (E.24), Tables E.1–E.2 present the results for these cases.

Characteristic Piston prop Turbojet Turbofan Turboprop

Cruising velocity v 100 m/sec 240 m/sec 240 m/sec 150 m/sec
Specific impulse Isp 6500 sec 3600 sec 6000 sec 12,000 sec

Lift/drag ratio CL/CD 20 20 20 20
Mass ratio Mfinal/Minitial 0.6 0.6 0.6 0.6

Maximum range R 6600 km 8800 km 15,000 km 18,000 km

Table E.1: Estimated characteristics and corresponding calculated maximum ranges for German
bombers with a mass ratio Mfinal/Minitial = 0.6 using piston propeller, turbojet, turbofan, or tur-
boprop engines.

Characteristic Piston prop Turbojet Turbofan Turboprop

Cruising velocity v 100 m/sec 240 m/sec 240 m/sec 150 m/sec
Specific impulse Isp 6500 sec 3600 sec 6000 sec 12,000 sec

Lift/drag ratio CL/CD 20 20 20 20
Mass ratio Mfinal/Minitial 0.5 0.5 0.5 0.5

Maximum range R 9000 km 12,000 km 20,000 km 25,000 km

Table E.2: Estimated characteristics and corresponding calculated maximum ranges for German
bombers with a mass ratio Mfinal/Minitial = 0.5 using piston propeller, turbojet, turbofan, or tur-
boprop engines.
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→ 150 m/sec with Isp → 12, 000 sec. Turbojet and turbofan aircraft might have been designed to
cruise at Mach 0.8 → 240 m/sec, with Isp → 3600 sec for turbojets and Isp → 6000 sec for turbofans.
For all categories of aircraft, the largest likely lift-to-drag ratio would have been CL/CD → 20. The
mass ratio likely would have been around Mfinal/Minitial → 0.6 (40% of the initial aircraft weight is
fuel), although one can also consider the very optimistic case with Mfinal/Minitial → 0.5 (50% of the
initial aircraft weight is fuel). Using Eq. (E.24), Tables E.1–E.2 present the results for these cases.

Characteristic Piston prop Turbojet Turbofan Turboprop

Cruising velocity v 100 m/sec 240 m/sec 240 m/sec 150 m/sec
Specific impulse Isp 6500 sec 3600 sec 6000 sec 12,000 sec

Lift/drag ratio CL/CD 20 20 20 20
Mass ratio Mfinal/Minitial 0.6 0.6 0.6 0.6

Maximum range R 6600 km 8800 km 15,000 km 18,000 km

Table E.1: Estimated characteristics and corresponding calculated maximum ranges for German
bombers with a mass ratio Mfinal/Minitial = 0.6 using piston propeller, turbojet, turbofan, or tur-
boprop engines.

Characteristic Piston prop Turbojet Turbofan Turboprop

Cruising velocity v 100 m/sec 240 m/sec 240 m/sec 150 m/sec
Specific impulse Isp 6500 sec 3600 sec 6000 sec 12,000 sec

Lift/drag ratio CL/CD 20 20 20 20
Mass ratio Mfinal/Minitial 0.5 0.5 0.5 0.5

Maximum range R 9000 km 12,000 km 20,000 km 25,000 km

Table E.2: Estimated characteristics and corresponding calculated maximum ranges for German
bombers with a mass ratio Mfinal/Minitial = 0.5 using piston propeller, turbojet, turbofan, or tur-
boprop engines.

Maximum range R = v Isp (CL/CD) ln(Minitial/Mfinal) for bombers 
with piston propeller, turbojet, turbofan, or turboprop engines 

and a mass ratio Mfinal/Minitial = 0.6 (best that is likely)

or Mfinal/Minitial = 0.5 (extremely optimistic)

For U.S. B-29:  R = (100 m/s) (6500 s) (16.8) ln(1/0.62) = 5200 km (correct)
Round trip:  Oslo–NY 12,000 km, Oslo–DC 12,500 km, Oslo–Chicago 13,000 km

See Forgotten Creators E.6 for more details



Karl Leist (1901–1960)
First turbofan engine
Daimler-Benz DB 007
(demonstrated 1943)



Ferdinand
Brandner

(1903–1986)
Turboprop engine
Junkers Jumo 022

Jumo 012 turbojet and 022 turboprop

Jumo 022, a.k.a. NK-12,
turboprop engine is
still in service on the

Russian Tupolev Tu-95

Other wartime
turboprop engines:

• Jendrassik Cs-1

• BMW 028

• Heinkel He S 021
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Aircraft Corporation 

(Convair). Life, 27 August 
1945, 19:9:2-3.
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Forgotten Creators E.1



George C. Marshall, 1 Sept. 1945
history.army.mil/html/books/070/70-57/CMH_Pub_70-57.pdf p. 132:

Intercontinental Jet Bombers and Rockets Were Built

Where are the reports?



Aleksei Sidnev to Ivan Serov. NKVD interrogation of Werner Wächter. September 1945. [FSB Archive, Moscow]

In the same year of 1944, projects were developed for very long-range bombers capable of bombing military 
manufacturing centers of the Soviet Union in the Urals and industrial facilities in North America. These bombers were 
supposed to be used to transport atomic bombs. […]

Heylandt informed WÄCHTER that work was being done as a result of which the V-2 missile would be able to rise to 
120 km in altitude and hit industrial targets in North America. […]

The head of the production department of the armament ministry, [Karl-Otto] Saur, and his deputy, Feldmann, were 
personally responsible for the production of atomic bombs.

The most knowledgeable people in this regard should be General Dornberger and Dr. Erich Schumann, who worked 
specifically on scientific research questions related to the production of the atomic bomb.

Transcript of NKVD interrogation of Werner Wächter by Ivan Serov. 10 October 1945. [FSB Archive, Moscow]

I knew that the Ministry of Armaments was carrying out practical work to prepare for the use of the atomic bomb. I 
learned about this from my friend, the editor of the secret government bulletin, Hans HERTEL.

As HERTEL told me, in February 1945, on behalf of the Minister of Propaganda GOEBBELS, he went on a business 
trip to the city of Celle and met there with his acquaintance, the head of the military air force school for special 
purposes, Colonel Hajo HERMANN, who told him in a private conversation that the school was armed with aircraft 
of the latest design. These aircraft have a long range and will be armed with this bomb. As Colonel Hajo [HERMANN] 
stated to HERTEL---the new aircraft were intended for bombing industrial centers of the Soviet Union, located in the 
Urals and Central Asia, with atomic bombs.

From HERTEL, I know that at the airfield in the city of Celle there were both bombers of the latest design and 
fighters intended to protect them during flights. In addition, HERTEL reported that aircraft of this design were 
concentrated at other airfields.

Based on conversations with DOMINIK and HERTEL, I came to the conclusion that the German Ministry of 
Armaments was preparing to use atomic bombs in 1945. I could also judge this from other facts that were known to 
me as a leading official of the German Ministry of Propaganda.

Intercontinental Jet Bombers and Rockets Were Built



Anti-Radar

Barkhausen-Kurz
oscillator for

high-power radar
systems (1920)

Ludwig Wesch (19??–19??)
and many others

Radar-absorbing coatings

Gustav Franz Hüttig
(1890–1957)

Structural materials and surface shapes
that minimize radar reflections

Heinrich
Barkhausen
(1881–1956)

Christian Hülsmeyer 
(1881–1957)

invented radar (1903)

Karl
Kurz

(1881–1960)

Radar



Hans Multhopp
(1913–1972)

Alexander
Lippisch

(1894–1976)
Building flying

wings since 1930

North American 
F-86 Sabre

(first flight 1947)

Northrop Grumman
B-2 Spirit bomber
(first flight 1989)

Postwar influence—more research needed



BAC Concorde
(first flight 1969)

Johanna Weber
(1910–2014)

Avro Vulcan
(first flight 1952)Dietrich Küchemann

(1911–1976)
Postwar influence—more research needed



All Relevant Archival
Documents Should Be 

Declassified and Studied!

Nuclear payloads

1.  Land-launched missiles

     A. Liquid propellant missiles

     B. Liquid propellant space planes

     C. Solid propellant missiles

2.  Submarine-launched missiles

     A. Sub-launched cruise missiles

     B. Sub-launched ballistic missiles

3.  Intercontinental jet bombers

How far did 
German work 

get during
the war?

How much did 
other countries 
use that after 

the war?
???
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We want you…
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Available for free at:
riderinstitute.org/revolutionary-innovation

Over 6000 pages covering:

• Major innovators and innovations
   produced by the predominantly German-
   speaking scientific world ~1800–1945

• Systemic factors that promoted so
   much innovation in that place and time

• Technology transfer out of the
   German-speaking world

• What we can learn that could improve
   innovation in the modern world

• >2000 pages of primary sources/analysis
   on WWII German programs to develop
   weapons of mass destruction as well as
   delivery vehicles for them

• >400 pages of bibliography

Reviewed by European and American
historians and scientists

Updated as new information is found

Modern society runs on 
revolutionary innovations from the 
predominantly German-speaking 

scientific world ~1800–1945



Chapter 9

Creators and Creations in Aerospace
Engineering

Dieses merkt Euch, Ihr stolzen Männer der
Tat. Ihr seid nichts als unbewußte Handlanger
der Gedankenmänner, die oft in demütigster
Stille Euch all Euer Tun aufs Bestimmteste
vorgezeichnet haben.

Mark this well, you proud men of action. You
are nothing but the unconscious hands of the
men of thought, who have often, in the most
humble silence, directed all your actions in ad-
vance.

Heinrich Heine. 1834. Zur Geschichte der Religion und Philosophie in Deutschland
[History of Religion and Philosophy in Germany] Book III, paragraph 3.

This chapter gives an overview of some innovations in aerospace engineering that have played major
roles in the modern world and that were invented or discovered by scientists and engineers who were
trained in the predominantly German-speaking central European research world in the nineteenth
and early twentieth centuries.1

1In addition to specific references that are cited in di↵erent areas throughout this chapter, this chapter makes
use of general biographical and project information from: ACLS 2000; Albrecht et al. 1992; Ash and Söllner 1996;
Bar-Zohar 1967; Bower 1987; Bunch and Hellemans 2004; Challoner 2009; Cornwell 2003; Crim 2018; EB 1911, 2010;
Gillispie 1970–1990; Gimbel 1990a; Glatt 1994; Hall 2019a; István Hargittai 2006, 2011; Linda Hunt 1991; Impey
et al. 2008; Jacobsen 2014; Koertge 2007; Kurowski 1982; Lasby 1971; Lusar 1956, 1971; Medawar and Pyke 2000;
Mick 2000; Murray 2003; Nachmansohn 1979; NDB 1953–2020; Neufeld 2012; Nouzille and Huwart 1999; O’Reagan
2014, 2019; Porter 1994; Charles Walker 1946; Peter Watson 2010; Weitensfelder 2009.

For general overviews of large portions of the history of aerospace engineering in the German-speaking world,
see: Benecke and Quick 1957; von Braun et al. 1985; Coats and Carbonel 2002; Freeman 1993, 2008; Griehl 1990,
2003, 2004, 2005, 2015; Hirschel et al. 2004; Kay 2002; Lommel 2000, 2002, 2005; Jürgen Michels 1997; Myhra 1998a,
1998b, 2000a, 2000b, 2001, 2002, 2003; Michael Neufeld 1995, 2002, 2003, 2004, 2007, 2012; Ordway and Sharpe
1979; Samuel 2004, 2010; Smith and Creek 1982, 1992, 2001; Smith and Kay 2002; Stüwe 1999, 2014, 2015; Trischler
1992a, 1992b; Trischler and Schrogl 2007; Frank Winter 1983, 1990.
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Appendix E

Advanced Creations in Aerospace
Engineering

Für den Ring nimm nun auch mein Roß!
Ging sein Lauf mit mir
einst kühn durch die Lüfte,
mit mir
verlor es die mächt’ge Art;
über Wolken hin
auf blitzenden Wettern
nicht mehr
schwingt es sich mutig des Wegs.

For the Ring take now my horse!
Though he once carried me
boldly through the air—
with me
he lost all his magic powers;
above the clouds
through lightning and thunder
no more
will he brave the way.

Richard Wagner. 1874. Götterdämmerung [Twilight of the Gods]. Prologue. Brünnhilde.

As discussed in Chapter 9, a tremendous number of aerospace technologies were invented by
German-speaking creators, especially shortly before and during World War II: helicopters, guided
missiles, smart bombs, jet engines and jet aircraft, ejection seats, ramjets, the V-1 cruise missile, the
A-4 or V-2 single-stage rocket, supersonic wind tunnels, radar stealth technology, etc. There is also
thorough documentation (though regrettably too little modern public recognition) that German-
speaking creators personally carried those aerospace technologies to their limits during the postwar
era, with funding and support from the United States, United Kingdom, France, Soviet Union, and
other countries.

However, archival documents strongly suggest that there are several areas in which aerospace tech-
nologies may have advanced significantly further in wartime Germany than has been o�cially
acknowledged in the conventional historical narrative.
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Short version—but click the links! Long version of aerospace programs
Available for free at:
riderinstitute.org/revolutionary-innovation



Short version—but click the links! Long version of nuclear program
Available for free at:
riderinstitute.org/revolutionary-innovation



Some Reviewers’ Comments on Forgotten Creators
“Todd H. Rider’s Forgotten Creators is an encyclopedic 
consideration of Germany's central place in the 
advancement of science and technology between 1800 
and 1945.  Drawing upon a wide range of sources, 
Rider has summarized that effort in a survey that will 
impress the reader just as much for the breadth of 
German intellectual achievement as for the influence 
that achievement has had upon the modern world.”

George W. Cully, retired Director, Office of History at 
Air University, Maxwell Air Force Base, Alabama

“Todd H. Rider’s Forgotten Creators is a monumental 
treatise about and an exciting intellectual journey 
through the contributions of scientists and technologists 
in Germany and other Central European countries and 
German-speaking areas to universal progress. It is 
thoroughly researched, meticulously documented, and 
presented in an easy-to-perceive way. The pre-war and 
pre-Nazi German system of science support has lessons 
that would be difficult to emulate but worthy to ponder 
about even today. The long-range tragic consequences 
in science caused by National Socialism are well 
demonstrated as are the benefits in the West and in the 
East from the exodus of Jewish scientists before and the 
importation of others from Germany following World 
War II. The book is a virtually bottomless well for 
mining reliable information in the history of science 
and technology. The ‘forgotten creators’ are no longer 
forgotten. Todd is to be congratulated for his 
accomplishment and thanked for sharing it so 
generously with the international community.”

István Hargittai, Professor Emeritus of Chemistry, 
Budapest University of Technology and Economics, 
author of Buried Glory, Candid Science, Drive and 
Curiosity, Great Minds, Judging Edward Teller, Martians 
of Science, and The Road to Stockholm

“The book Forgotten Creators is a really impressive 
book, as Todd H. Rider tries to mention all relevant 
German-speaking scientists and engineers and their 
scientific fields up to 1945 in this mammoth project. In 
this form, nobody has dared to do this before. The 
author deserves my full respect for this. I am pleased 
that we were able to support him in his research.”

Thomas Köhler, Peenemünde Historical-Technical 
Museum historian and head of the archive

“Forgotten Creators is an examination of mid-twentieth-
century German science and technology, studying the 
question of how this era came to be so productive. Using 
extensive reproduction of original materials and source 
accounts, the author is not only able to provide an 
overview of what is known about wartime activities, but 
is also able to indicate avenues for future historical 
research.  The careful and comprehensive referencing 
permits the materials presented to be used in academic 
studies. A notable feature of this work is the fluid 
format provided by online publication, allowing 
revisions and new materials to be added. An especially 
important emphasis of the book is what can be learned 
from both the German-speaking scientists and the 
World War II era in general that could improve 
scientific productivity and creativity now.”
Thomas Kunkle, Los Alamos National Laboratory, 
retired

“With his work, based on very comprehensive, 
thoroughly researched sources, Todd Rider has 
presented an astonishing study of the history of German 
science, especially in the first half of the twentieth 
century, which also reveals many connections that have 
been unjustly forgotten or little noticed. This also 
applies to numerous persons whose achievements are 
hardly known.”
Günter Nagel, author of Wissenschaft für den Krieg, 
Himmlers Waffenforscher, Atomversuche in Deutschland, 
and Das geheime deutsche Uranprojekt 1939-1945

“A very valuable part of the book is devoted to the 
development of nuclear weapons in Germany during 
WWII, 1939-1945. While the histories of both the 
US/British Manhattan Project and the Soviet atomic 
project have been to a large extent declassified, little is 
actually known about the German work. Rider has done 
historians a favor by marshalling all of the evidence he 
could find in US, German, and Russian archives 
regarding the German atomic project. The inescapable 
conclusion is that the Germans were much farther 
advanced in nuclear weapons development than is 
generally thought.”
Lee Pondrom, Professor Emeritus of Physics, University 
of Wisconsin-Madison, author of The Soviet Atomic 
Project: How the Soviet Union Obtained the Atomic Bomb

“Forgotten Creators by Todd Rider is an extraordinary work 
of detailed research and new insights into the technological 
advances contributed by German-speaking scientists. His 
lengthy and in-depth study of history often overlooked or not 
even seen in more cursory reviews is a refreshing read. His 
attempt to create the fullest account possible has resulted in a 
fine reference book that also serves to introduce new research 
for the reader.  Rider's contention, right up front in the 
Executive Summary—that inventions and discoveries had their 
highest concentration of revolutionary innovations from 
scientists and engineers from the German-speaking central 
European research world in the nineteenth and early twentieth 
centuries—demands the reader’s attention. He then fills an 
enormous amount of over 4,000 pages with supporting details. 
Amazing subject matter and new revolutionary insights dug up 
through meticulous research make Forgotten Creators a ‘must 
read’ for serious historians and curious researchers alike.”

D. Ray Smith, Oak Ridge National Lab Historian, retired

“This truly voluminous study provides an in-depth overview of 
techno-scientific achievements and innovations which 
originated from the German-speaking world. It is a rich and 
fascinating history of the transnational circulation of 
knowledge over a period of no less than two centuries.”

Helmuth Trischler, Head of Research, Deutsches Museum, 
Munich

“A most important and deserving book. Todd Rider’s research 
on the German rocket and nuclear programs in World War II 
is especially impressive because of the number and depth of the 
sources cited and the meticulousness of their evaluation. Really 
pioneering work has been done here!”

Matthias Uhl, Deutsches Historisches Institut, Moscow, author 
of Stalins V-2: Der Technologietransfer der deutschen 
Fernlenkwaffentechnik and Die Organisation des Terrors: Der 
Dienstkalender Heinrich Himmlers 1943-1945

“Todd Rider has produced a meticulously researched and 
cogently argued tour de force on the men and the 
circumstances that drove the modern German Renaissance in 
science and technology. Brought out of the long shadow of the 
Third Reich, the story of this Golden Age of human enquiry is 
convincingly shown to have as much relevance to our present 
times as it did then. A remarkable achievement.”

Stephen Walton, Senior Curator, U.K. Imperial War Museum




