














bombing of civilian targets in England and the 
Netherlands. After successful flight tests in 1941, 
5000 V-2's were assembled, half of which reached 
English targets in the time from September 1944 to 
the German surrender in April 1945. 

However, despite a many-pronged development ef
fort in surface-to-air and air-to-surface missiles, not 
a single German system was pushed into production 
on a large enough scale to have a decisive impact. 
The air-launched HS 293, a 10-foot-Iong glide bomb 
propelled by a hydrogen-peroxide-powered rocket 
and flying at a speed of 500 miles per hour, was put 
into limited production in 1941 and was instrumental 
in sinking several British merchant ships in the Bay of 
Biscay. But later versions with radio-controlled guid
ance did not become operational. The FX 1400, also 
radio-controlled and flying faster than 600 miles per 
hour, arrived too late to be of value. A variety of 
liquid- or solid-fueled and rocket-propelled missiles 
reached flight test stage in 1944 but did not become 
effective antiaircraft weapons. Despite a lead time of 
four to six years over the Allies, the German program 
never played an effective role in the prosecution of 
the war. 

The Japanese effort in the high technology of 
guided missilery was almost nonexistent. During the 
desperate Leyte Gulf engagement and on virtually 
one week's notice, the kamikaze attacks were orga
nized in October 1944. Pilots would guide their 
planes into direct collision with ships in the expecta
tion that the resulting fires and explosions would 
cause great damage. It is estimated that 5000 sorties 
were flown in this style. While three capital ships 
were sunk and 300 other vessels were damaged, the 
tactic was a failure from a practical point of view. 

The Ohka ("Cherry Blossom") bomb, introduced 
into the Okinawa campaign in the spring of 1945, 
was even less effective. Slung under a conventional 
mother plane and accelerated by solid propellant 
rockets to a speed of 600 miles per hour, it, too, 
depended on human guidance. Not a single ship was 
sunk by this device. 

6. In view of the limited German effort and the 
virtual absence of a corresponding Japanese develop
ment, it is incorrect to describe the Navy guided mis
sile initiative in the summer of 1944 as a response to 
kamikaze or Ohka attacks, since neither of those 
weapons had yet been deployed. Rather, the decision 
to proceed arose from the fact that technologies had 
advanced to a point where such a development was, 
in principle, feasible. M. A. Tuve wrote in a letter to 
Vannevar Bush on July 19,1944, about 

... the new Navy tactical situation which may arise if 
the enemy adopts guided missiles for attack against 
task forces from airplanes just beyond the limited 
range of anti-aircraft for us .... We have thought about 
this problem for several years, and only in the last 
eight months have reluctantly concluded that we may 
have to face it during this war instead of the next one 
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in view of the weapons already in use by the Axis 
powers and ourselves ... . The problem must be faced 
before very long if we hope for real defense against 
future air attacks in this shrinking world. 

Information about Axis developments was sketchy 
and incomplete, at best. Not knowing the magnitude 
of the German effort, it was unavoidable that actions 
based on a "worst case" assessment had to be taken. 
Tuve wrote on November 30, 1944 in a memorandum 
to Bush and to Rear Admiral G. F. Hussey, Jr., 
Chief of the Bureau of Ordnance: 

Various discussions in Section T during the first six 
months of 1944 indicated the probable necessity for 
attack on a 'chaser' problem in the immediate future, 
even if the probability of success were low, since the 
stakes involved are so large; if high-speed guided mis
siles are more feasible than has been expected and the 
enemy discovers thisfirst, the risk for us is very great. 

The request by the Bureau of Ordnance for a formal 
proposal was, in essence, in response to ideas 
generated by APL on how to prevent attacks on ships 
by guided missiles launched from planes beyond the 
range of conventional antiaircraft guns. 

The first APL concept, suggested in early 1944, 
was a subsonic pilotless" fighter-missile," referred to 
as Falcon. A more detailed analysis of the problem 
was undertaken in the summer of 1944. It was con
cluded that a subsonic chaser would only be margin
ally effective against a target that could take evasive 
action. A detailed proposal (largely based on analysis 
by Jesse Beams, professor of physics at the Universi
ty of Virginia) specified a supersonic velocity (1850 
feet! second), a promising powerplant (ramjet), a 
convenient fuel (octane), and a warhead weight of 
600 pounds. The small amount of available design 
data at supersonic velocities indicated that a reason
ably compact structure should be adequate to carry 
this payload to a distance of 20,000 yards. Radar 
guidance and a homing device were suggested, as 
were solid-propellant boosters. The code name for 
the proposed device was Torch. 

Early in 1945, the project acquired the code name 
Bumblebee. Years later, as individual missile types 
were developed, mostly mythological names starting 
with the Letter T, were assigned to them (Talos, 
Triton, Typhon, and Terrier). 

7. None of the needed components (powerplant, 
radar guidance, or booster) existed at the time the 
overall design was formulated. While there was hope 
that proof of concept would be available within a 
year, no tactical missile was foreseen in less than five 
years. In view of the expectation that the war would 
end in 1945 or soon thereafter, the likelihood of a 
useful device before the war's end seemed remote. 

In contrast to the VT fuze, which took less than 
two years from invention to production, the com
plete guided missile system required a much longer 
development time. Talos, the culmination of the 1944 
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Falcon proposal, entered the Fleet in 1958, while the 
shorter-range rocket-propelled Terrier missile (an 
offshoot of one of the Talos test vehicles) became op
erational in 1955. Fully effective antiaircraft systems 
are only now being introduced into the Fleet. 

While the APL proposal was the most ambitious in 
its specifications (supersonic speed, radar guidance), 
several other programs were discussed and initiated 
at the same time. Little Joe, Wac Corporal, and Tiny 
Tim, all subsonic and rocket propelled, were pursued 
by different sponsoring agencies, as were radio
controlled air-to-surface bombs (Razon, Tazon, Roc, 
and Gargoyle). The National Advisory Committee 
for Aeronautics developed a subsonic, radar-guided 
air-to-surface missile (Bat). 

8. In an October 24, 1944, memorandum to Cap
tain C. L. Tyler, M. A. Tuve wrote: 

Even a negative result of this kind should be ex
tremely valuable, as the attack aspects of these devices 
are of at least as great significance as the chaser 
(defense) aspects. Results of either type are highly 
necessary for the United States to possess as soon as 
possible whether ready before the end of the war with 
Japan or not. 

9. In a memorandum on "Intensive Program on 
Guided, Jet-Propelled Antiaircraft Missiles ," dated 
January 11, 1945, Rear Admiral G. F . Hussey, Jr., 
wrote: 

On the basis of technical considerations and work 
already in progress, the Commander in Chief, United 
States Fleet, directed on 4 December 1944 that the 
Bureau of Ordnance program on the development of 
guided, jet-propelled antiaircraft missiles is to be car
ried forward on an urgent basis and further directed 
that other Bureaus and agencies of the Navy give all 
possible support and assistance to the Bureau of Ord
nance in connection with this program. 
Admiral Ernest J. King, at the same time, insti

gated a comprehensive survey, by a committee 
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chaired by Prof. E. R. Gilliland of MIT, of jet··pro
pelled missiles and their continuing postwar implica
tions. Its overall purpose was to review the status of 
such missiles, with particular emphasis on their 
future possibilities and thus to aid the Navy in shap
ing requirements for the weapons and for research in 
the fields related to their use. At Air Force Head
quarters, a similar study was undertaken when the 
high-level Scientific Advisory Group was established 
under the direction of Theodor von Karman. 

10. Representatives of the Air Force and the British 
Scientific Mission in Washington were assigned to 
APL as liaison officers. 

11. The question of "permanence" was discussed 
with great intensity for several years following World 
War II. The relationship and responsibilities of The 
Johns Hopkins University, APL, its associate con
tractors, and the sponsoring government agency (Bu
reau of Ordnance), and the makeup and the technical 
goals of the Central Laboratory staff were debated at 
length. For several years, the future of APL as a sta
ble, large research laboratory under Johns Hopkins 
sponsorship was in doubt. 

12. Soon after the formal Task F assignment to 
APL for the development of an antiaircraft missile, it 
was realized that the technology could readily be ex
tended to other end-uses as well. Studies were as
signed within a year for the design of a long-range 
ship-to-shore missile (Triton). Task extensions for 
the development of antiradiation missiles and anti
ballistic missiles were formulated at a later date. 

13. The liquid-fuel rocket alternatives were never 
seriously considered. However, test vehicles pro
pelled by solid propellants proved sufficiently adapt
able to short-range applications that a separate pro
gram - Terrier - was organized to exploit the tech
nology. Terrier became a dominant shipboard missile 
system. 
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