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Aerobee was to be an unguided rocket, in contrast to the V-2, which had gyro-controlled 
jet yanes .... There was considerable skepticism about the ability of APL to keep the impact 
of such an uncontrolled rocket within the limits of the proYing ground. 

After examining all aspects of the launching prob­
lem, Van Allen prepared a detailed draft of a range 
safety doctrine. First, the Aerobee tower was con­
structed so as to be tiltable to compensate for wind 
effects. This was essential as the result of an analysis 
of the low-altitude winds at White Sands and on the 
theory of the' 'weathercocking" tendency of unguid­
ed rockets while under powered flight in the presence 
of crosswinds. A simple system of moving guide wires, 
developed by J. F. R. Floyd, that visually defined the 
safe limits of the trajectory was erected at two points 
near the firing site. The observers at either site were 
authorized to call for termination of powered flight 
if the path of the missile deviated from the calculated 
safe sector defined by the guide wires. A fail-safe ra­
dio command receiver, developed by the Physical Sci­
ence Laboratory of New Mexico College of Agricul­
ture and Mechanical Arts and built by APL, cut off 
the fuel supply to the Aerobee, thus limiting the 
trajectory. 

During 1946, in preparation for the handling and 
proof firings of naval missiles, a U.S. Naval Unit was 
established by the Bureau of Ordnance at White Sands 
with Comdr. Robert B. McLaughlin and later Capt. 
W. A. Gorry as Officer-in-Charge. All Aerobee rock­
ets were instrumented by and launched under the direc­
tion of APL, with operational aspects of servicing, 
handling, and launching conducted by service person­
nel of the Naval Unit. 

A launching tower 140 feet high and similar to that 
used for the WAC Corporal provided 90 feet of guid­
ed travel. It was designed and constructed by Aerojet 
and the Nigg Engineering Corp. under the supervision 
of APL. 

The first fully powered flight of the new two-stage 
Aerobee took place on November 24, 1947. From then 
until February 1951,21 Aerobees were launched. Dur­
ing that period, only one of the Aerobees-the first­
exhibited a large enough deviation in trajectory to 
necessitate termination of flight by fuel cutoff actu­
ated by radio command. (The impending out-of­
bounds trajectory, as indicated by the sky screen, was 
later determined to be the result of a jet condition in 
the booster nozzle that was easily remedied.) It became 
clear early that the new rocket performed considera­
bly in excess of the original specification, and Aero­
bee was established as an important new research 
vehicle. The success of Aerobee led to its acceptance 
by the research branches of the U.S. military and the 
National Aeronautics and Space Administration. It has 
been used for research in practically all the major fields 
of upper air physics . 
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An Aerobee launch at White Sands. (The tower is tiltable to 
adjust for windage.) 

By 1984, 1250 Aerobee rockets, in the original ver­
sion and in several upgraded versions, had been flown 
from several different sites for a wide variety of sci­
entific investigations. It has played an important part 
in the U.S. space program, where it has served as a 
test bed for checking out satellite experiments. 

It is of interest to note that the instrumentation used 
in the immediate postwar era bears little resemblance 
to that used today. Circuits contained vacuum tubes, 
which in turn required substantial filament power and 
high plate voltages. A typical experiment might require 
12-volt storage batteries capable of supplying 100 am­
peres as primary power for the duration of the flight. 

SHIPBOARD LAUNCHINGS 
With the advent of the Aerobee, high-altitude mea­

surements became possible at locations other than 
White Sands. The simplicity, low cost, and relative 
ease of handling and firing indicated the possibility of 

95 



L. W. Fraser - High Altitude Research at APL in the 1940s 

The simplicity, low cost, and relatil'e ease of handling and firing indicated the possibility 
of conducting Aerobee launchings from shipboard •••• extending ••. inl'estigations to geo­
graphic locations other than White Sands ••• 

INSTRUMENT TEST MARKS END OF ERA IN 
U.S. ROCKETRY 

A prototype of an instrument that will be aboard 
the Hopkins Ultraviolet Telescope (HUT) was success­
fully tested in a rocket experiment conducted by a 
Hopkins team led by Paul Feldman of the Department 
of Physics and Astronomy on January 17. The instru­
ment, an ultraviolet spectrograph, was carried to an 
altitude of 100 miles aboard an Aerobee rocket 
launched from the White Sands Missile Range in New 
Mexico. 

The spectrograph recorded far ultraviolet emissions 
of "dayglow" in the earth's upper atmosphere. 
Dayglow is a phenomenon caused by sunlight strik­
ing molecules in the upper atmosphere, causing them 
to fluoresce. By analyzing the spectra of these mole­
cules, Professor Feldman and his colleagues expect to 
learn more about the chemical components of the up­
per atmosphere. 

The Aerobee launch marked the end of an era in 
American rocketry, since this was the last scheduled 
use of these rockets. Aerobees were developed under 
the direction of James Van Allen, who later achieved 
fame as the discoverer of the Van Allen radiation belt. 
The first Aerobee flight was conducted by the Univer­
sity's Applied Physics Laboratory in 1947, and for 
many years they were the workhorses of high-altitude 
scientific research. Since 1961, Hopkins scientists in 
physics and astronomy have used Aerobees 37 times 
to conduct studies. 

(Reprinted from The Johns Hopkins University Gazette, 
February 5, 1985.) 

conducting Aerobee launchings from shipboard. Fur­
ther, the importance of extending certain high-altitude 
investigations to geographic locations other than White 
Sands made such a progFam highly desirable; the sci­
entific objectives of both the cosmic-ray and terres­
trial magnetism work were particularly well served by 
measurements at the geomagnetic equator and in 
northern latitudes. 

In 1949 and 1950, APL conducted four successful 
Aerobee flights from the USS Norton Sound, two off 
the coast of Peru and two in the Gulf of Alaska. Oper­
ations at sea were markedly simplified by R. O. Robin­
son's development of a notch-excited telemetry 
antenna. Because of its greatly improved radiation pat­
tern, it obviated the need for support vessels for the 
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receiving system. The new antenna, installed in the 
Aerobee fin, radiated directly aft instead of to the side, 
thus permitting the launching ship to carry the receiv­
ing equipment for the telemetered data. 

SCIENTIFIC RESULTS OF APL'S 
COSMIC-RAY RESEARCH IN THE UPPER 
ATMOSPHERE 

A most interesting result of the use of rockets for 
research was a series of direct measurements of the to­
tal intensity of the primary cosmic radiation above the 
appreciable atmosphere. The upper limit of the atmo­
sphere for cosmic-ray interactions was experimental­
ly located and directly measured for the first time. A 
smoothed composite curve of single-counter data 
showed the plateau of counts per second. Previous bal­
loon measurements had never been made at the alti­
tude where this plateau appeared. 

Later cosmic-ray experiments using Geiger tube tele­
scopes measured the directional dependence of the cos­
mic radiation; the burst producing component; the 
transition effects of the primary cosmic radiation in 
varying amounts of lead, aluminum, and the atmo­
sphere; and the primary specific ionization (number 
of ion pairs per unit path length). 

Zenith angle dependence, vertical intensity, and az­
imuthal asymmetry were determined at the geomag­
netic equator by shipboard launchings. Results of these 
measurements, combined with those of other flights, 
made it possible to deduce the primary cosmic-ray 
spectrum. 

Supplementing the upper atmosphere work, cosmic­
ray experiments were conducted at high latitudes and 
in B-17 aircraft. During the summer of 1947, cosmic­
ray telescopes were carried above the Arctic Circle 
where cosmic-ray intensity and Auger shower measure­
ments were made. 

GEOMAGNETIC EXPERIMENTS 
One of the areas of upper atmosphere research at 

APL was the investigation of the geomagnetic field in 
the ionosphere. Ernest Vestine of the Carnegie Insti­
tution of Washington, Department of Terrestrial Mag­
netism, and Allen Maxwell of the Naval Ordnance 
Laboratory were important collaborators in the high 
altitude magnetometer program for direct measure­
ment of the magnetic effects of ionospheric currents. 

Joint experiments with Aerobees by APL and the 
Naval Ordnance Laboratory were made at White 
Sands and, as was already mentioned, at the geomag-
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netic equator off the coast of Peru from the Norton 
Sound. The results were in good agreement with 
theory. 

The observational work done at APL using rockets 
fired vertically to altitudes of about 60 kilometers con­
tributed to the 1958 discovery by earth satellites of 
radiation belts of the earth, which were named after 
Van Allen. 

SOLAR SPECTROSCOPY EXPERIMENTS 
The V -2 and Aerobee rockets provided a means of 

recording the solar spectrum in the ultraviolet region 
below 2900 angstroms, that is, in the region consid­
ered to be in the far ultraviolet. Using gratings ruled 
to 15,000 lines per inch by the Physics Department of 
The Johns Hopkins University, ultraviolet spectra of 
the sun were obtained by J. J. Hopfield down to 2300 
angstroms and traces evident as far as 2230 angstroms. 

Work in the field of high-altitude spectroscopy was 
expanded to include measurements of the distribution 
of ozone with altitude. A spectrometer with quartz op­
tical elements was carried through and above the ozone 
layer in two Aerobees. The intensity of the dispersed 
sunlight falling on photomultiplier tubes in each of 
several wavelength bands was obtained. The observed 
intensity ratios, in conjunction with available ozone 
absorption coefficients obtained on the ground, were 
used to yield the continuous integral distribution of 
ozone as a function of altitude. The Yerkes Observa­
tory of the University of Chicago and the Astronomy 
Department of Ohio State University collaborated in 
the spectrographic work. 

HIGH ALTITUDE PHOTOGRAPHY 
In October 1946, Clyde Holliday of APL placed a 

DeVry 35-millimeter motion picture camera in a V-2 
rocket to obtain the first pictures of the earth at alti­
tude. The camera and exposed film in an armored case 
were recovered a few hours after the flight. Few news 
releases ever won the attention of the world-wide me-
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Aerobee cosmic-ray instrumentation (approximately 7 feet in 
height). Present-day solid state electronics would permit a 
substantial reduction in weight and volume. 

dia as did the photographs of more than 1,100,000 
square miles of the earth's surface from Aerobee and 
V -2 rockets at nearly 70 miles altitude. 

The photographs of the earth from rockets, while 
spectacular and of great public interest in their display 
of cloud covers, served a most valuable purpose in 
providing unquestioned data on the angular motion 
of the rocket in the upper portions of flight. The prin­
cipal value of the information was in its support of 
the experiment's results, where it was essential to know 
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Solar spectrograph mounted in an Aerobee rocket. 

the orientation of the rocket as it affected the angular 
distribution of the cosmic radiation. A K-25 serial 
reconnaissance camera gave 4 x 5 inch infrared pho­
tographs that provided complete and unequivocal in­
formation on the angular motion. 

A PREDICTION COME TRUE 
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In 1948, Van Allen made a prediction: 2 

Popular magazines were filled with conjectures 
about space flight. By the late 1940s even hardhead­
ed practitioners such as I began to be converted to the 
realistic prospect for earth-orbiting satellites and space­
craft that could escape from the earth's gravitational 
field. In July 1948 I wrote a paper entitled "The Use 
of Rockets in Upper Atmosphere Research" for the 
August 17-28, 1948, meeting of the Eighth General As-
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Solar spectrum obtained during a V-2 rocket flight. 

A V·2 rocket·eye view from 70 miles altitude. 

sembly of the International Union of Geodesy and 
Geophysics in Oslo, Norway. After surveying the state 
of this subject, I concluded: 

"Then there is always the prospect of pioneering 
measurements at higher and ever higher altitudes. Seri­
ous consideration is being given to the development 
of a satellite missile which will continuously orbit 
around the earth at a distance of, say, 1000 km. In 
the even dimmer future is the prospect of astronomi­
cal type flights." 

This thought was, of course, not original with me. 
lt had been commonplace among visionaries for many 
years. lts inclusion in a working scientific paper by 
a working scientist in the field did, however, give it 
some significance. My statement was cited with levity 
by the New Yorker and with restrained contempt by 
the New York Times. The then Director of the Ap­
plied Physics Laboratory, Ralph Gibson, asked me to 
strike it from the formally published paper on the 
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grounds that it was excessively conjectural and detract­
ed from the remainder of the paper. After some grum­
bling I complied. 

Within a few years the flight of scientific equipment 
on satellites of the earth had been accepted as a realistic 
prospect throughout the interested segment of the sci­
entific community. 

Van Allen's comments on the early APL work in 
high altitude research were as follows: 

The small cadre of investigators was motivated by 
the exploratory nature of the opportunities and by the 
great freedom and flexibility of the circumstances, 
notably free of long-range planning, detailed account­
ability, and other bureaucratic constraints. It was a 
period in which the wartime spirit-that most individu­
als are honorable and that results are what count-car­
ried over into peacetime pursuits. From the perspective 
of 1983 one may deplore the passing of such an ep­
och. Those of us who survived this early period of 
high-altitude rocket investigations were, with few ex­
ceptions, the ones who conceived and built the first 
instruments for satellite flight. Without this prepara­
tory period we would have been ill prepared to con­
duct investigations with satellites. 

Funding for further Aerobees was difficult to pro­
cure, and the APL high altitude research program was 
terminated in the early 1950s. However, a few years 
later when satellite flights began in earnest, an enor­
mous resurgence of interest arose. Van Allen proceed­
ed with his historic measurements of trapped electrons 
and ions. APL, in turn, proposed and implemented 
a satellite navigation system (Transit) that required for 
its success precise geophysical measurements of the 
earth's shape, ionospheric signal dispersion, and evalu­
ation of aerodynamic drag at high altitudes. Later fo­
rays into space physics have continued the effort that 
was begun nearly 40 years ago. 
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Mr. Fraser recalls, "Working with Jim Van Allen in the investi­
gation of upper atmosphere phenomena was a most rewarding ex­
perience. Jim's small group of dedicated people was autonomous. 
It was possible to carry out all aspects of an experiment from con­
cept to published paper without outside direction or controls. Once 
the work was outlined, Jim left the implementation in the hands 
of his colleagues, only looking in periodically, not to question par­
ticular techniques, but only to monitor progress. Jim's insistence 
on simple, uncomplicated experiments was an important step in his 
discovery of the radiation belts named after him." 
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