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Foreword

The material contained in this Uoper Atmosphere Research
Report originally formed part of a reqort to the Joint Research and
Development Board concerningthe Naval Research Laboratory's program
in this field. It provides a comprehensive review of the work, from
its incention to the present time, and includes prooosals for both
the immediate and the long range programs in Rocket-Sonde Research.
Much of the subject matter oresented hers has appeared in the Upper
Atmosphere Research Reoorts I and II, and the more recent informa-.
tion will be given in greater detail in future reports of this series°
The present survey is nublished since it makes available in convenient
form the essential features of the entire program,
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ABSTRACT

The Naval Research Laboratory's upper atmosnhere research
program using rocket vehicles is described. In terms of the research
already completed, in progress, and contemplated, the objectives, ac-
complishments, and proposed immediate and long term programs in var-
ious aspects of upper atmosphere study are set forth. In this manner
the basic research programs in astrophysics, cosmic rays, the ionos-
phere, and the composition and physical characteristics of the atmos-
phere are treated. The supporting orograms in telemetering•, radio
control, and warhead design and construction are also described.
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CHAPTER I

THE ACCOMPLISHMENTS OF THE FIRST YEAR OF ROCKET-SONDE
RESEARCH IN THE UPPER ATMOSPHERE

by

E. H. Krause

Introduction

The Naval Research Laboratory has been engaged in a large scale
high altitule Rocket-Sonde research program for the past year. This pro-
gram was the natural outgrowth of the Naval Research Laboratoryls work on
the upper atmosphere during the two decades preceding the War as well as

the Laboratoryls work on guided missiles during the War. For many years
prior to the War various roeups at the Laboratory had been doing research
on the upper atmosphere, including: work on the ionosphere; pressure,
temperature and composition measurements; sky brightness studies; atmospheric
electricity studies; etc. The work of Gunn, Hulburt, Marns, and Taylor
in these various fields since 1920 is too well known to need repeating
here. It was natural therefore that the peacetime activity of the Naval
Research Laboratory should include a program of upper atmosphere sounding
with the aid of the long anticinated rocket vehicles which were finally
reduced to practical devices during the War.

This report is a presentation of the Naval Research Laboratory's
program in this field and discusses in detail its objectives, its accom-

plishments to date, and a proposal for the extension of the program into

the future.

Objectives

The reasons for conducting a research program at high altitudes
are many and varied. Perhaos the most important is the contribution to
basic research which such a program makes. Although the specific applica-
tions are to a large extent unpredictable, the long range value of such
research to the National Defense is certain to be great.

The basic fields of physics and astrophysics to which it is

felt high altitude research can contribute the most are:

(a) Nuclear Physics. Fundamental nuclear studies are made
possible by the high energy cosmic radiation existing above
the atmosphere. The study of cosmic rays in the pasthas
provided one of the richest sources of fundamental informa-
tion in physics. For example, such fundamental particles
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as the positron and the meson were first detected and
identified experimentally in the cosmic radiation. It
will certainly be many years before these high energy
particles and radiations can be artificially produced and
studied in the laboratory. The study of solar phenomena
is also likely to produce information on certain nuclear
processes.

(b) Astrophysics. The study of solar phenomena also can con-
tribute much to our knowledte of the sun in particular
and the universe in general.

(c) Atmospheric Structure. A detailed study of the earth's
atmosphere, including the variation throughout space of
its composition, density, temperature, pressure, ioniza-
tion processes, dissociation phenomena, etc., is funda-
mental.

In addition to the basic contribution which the Rocket-Sonde
work will make, there are very specific applications to military problems
which can be foreseen. These include:

(a) Aerodynamic Design. The design of aircraft or guided
missiles of any kind which are to fly through the region
of the upper atmosphere is predicated on a knowledge of
the composition, temperature, density and pressure of that
region. For example, the very practical problem of ex-
pected temperature rise on the surface of a guided missile
for a given set of conditions must be known, both from a
point of view of materials which must be used and precau-
tions which must be taken for equipment or occupants
aboard.

(b) Radio Guidance of Missiles. A knowledge of the electro-
magnetic properties of the atmosphere is essential so
that the radio guidance of missiles , both short and long
range, can be successfully and most efficiently accom-
plished. Similarly this information is also necessary
from a purely defensive point of view for the detection
and countering of enemy missiles.

(c) Weather Forecasting. The characteristics of the upper
atmosphere and their contribution to weather conditions
on the earth can be very significant to commercial and
military applications. Meteorological forecasting at
present is beset by many unknowns so that although pre-
dictions can be made several days in advance, sudden
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unaccountable wind shifts can upset the best predictions.
Similarly, knowledge of the conditions responsible for the
movements of ion clouds which seriously effect electro-
magnetic propagation may result from these studies.

(d) Aeril Photoeraohv. Photography from these high altitudes
can prove very useful for meteorological studies of cloud
formations as well as for general mapping purposes,

More detailed and adequate discussions of the various programs
and the objectives involved are given in Chapter II as well as in Part
II of this rep~ort.

The V-2 Pro 'ram.

Initially the Naval Research Laboratory's Rocket-Sonde Program
contemplated the procurement of a series of rockets for use in this pro-
gram including that of a low performance "stop gao" rocket for immediate
use. However, before this orogram got seriously underway the Army Ord-
nance's V-2 orogram entered the picture. The captured •erman V-21s which
Army Ordnance contemplated firing were ideal vehicles for the Rocket-Sonde
work and in addition, they would be available long before any American
made rocket could be procured. Furthermore, the number of V-21s available
would last over a sufficiently long period so that high performance high
altitude sounding rockets could be developed in the meantime. Accordingly,
since the programs dovetailed so nicely, an agreement was reached between
Army Ordnance and the Naval Research Laboratory whereby the former would
furnish and fire the V-2 rockets, while the latter would coordinate the
upper atmosphere research to be done in the V-21s. To facilitate this
coordination, a V-2 oanel was set up, made up of members of various uni-
versities and agencies who were actually contemplating upper atmosphere
work in the V-2. By mutual agreement between Army Ordnance and the
various panel members, the technical decisions and the allocation of space
in the V-21s were to be considered strictly on a scientific basis
directly by the scientists on the panel. Army Ordnance agreed to stand
by the recommendations of the panel insofar as possible. Early in the
program it was felt by the Army and the General Electric Company (under
contract to the Army) that the expenditure program should not be pro-
longed over too long a period because of the deterioration of various
critical V-2 components.

From the beginning, the Naval Research Laboratory has supplied
the entire V-2 program with specially designed warheads, comolete tele-
metering equipment and services, and complete radio control equipment and
services. A brief discussion of the warhead orocurement program is given
under Chapter III, Section A. Complete details about the present and pro-
posed telemetering program, in which as many as 450 channels will be
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available, is given under Chaoter II, Section B. Radio control has
been very successfully used in the V-_P for emergeocy cutoff and ftor

missile blow-Luo. The extension to other control functions is relatively
sim-ole and is presentl7 Tontemplated for some of the exoeeimentaei work.
Details are given under Chapter III, Section C.

The basic philosophy of the V7- P fnel from `The beginning 'hin

been to encourage as many par7ticip2nts th -- program as possible)
so that thie best bra.ins i-n the co.nry Ice.!d be br. ought lo beecx or. 5.'1;
adm.Ittedly very expensive prog-am. - ,rev, to ;ipolIfy th; Doord:
tion problem it was agreed. that any ne.• pcreti ine, nts shoeId. be broerj.ht
in through one of the fi2ve D'encie; Ai- o hes6d obtained tb-a io:t eoi
and had. adeqc3.te facilities to cac:y o'•t thip coo :diuti. TWo- .iv

oany, the An-eli- e Physics Lebrbrat:'y the 'Ai, Mae-iel Commnj ai the
S igena Co~rpm Ti, .s plan~ ',•ykegd.- or' .: sif:',- qoi!, as time We•=: ,!,o:1,:

u'r.tial toia.r eeoO a) he. fi e cooreacehr Oe-vi s`.1 :)F .. 'C:'

coordinhe; t"he woKr o Cs o nm thers C.: t z. .:-eJ,! e s rge•' ieo r b;
Office of YaVealT eS.e aao rh bh , centansts fith tt le06 I ee. a .1? :n iv er7site
on th s. wo crk, inc ud½!-1. Prianceton° .irt r veT a l.-,- F I e• X-., 3 Z n• 7,A 1'Ce:>, o
A & iM Joh-'o2 Ho01:nMs Tfhjive. %t y, a nl the rLK•:V7eri;y o0 Ohicago Th~
Naval Research Leaboratoý:" is also -,r7ing in vet cl" ilA o 'owit, h
R.LCA on the orob>em of determnintni the j ;s: ] oh- a 2n.... - -.. t... of Via
atmorkhero rwith a viewx to having the da ta- obtained utt.ýtely ctibu!;a
to the NACA.s Standar!d Atmosohere Tab]Les, Similarly cooerrtive p.eini.
is being done at presenot with the *3n7raau of Stasbarods ah;,,h ehor'6 lead
to the performance of joint experiments o; ionospher prop'agtion. in
addition there is supoorting work don? by numyaerous i;nJatrLJ o.ncerns.

It is felt that the V-2 program has been. well coordinated by
the V-2 Panel and that the method of allocating V-21s by the. scientists
of the -anel is a good one and should be maintained., It is also
believed that as many of the captured German V-21s as possible should be
utilized for this u-per atmosohere research program. According to data
presently available from Army Ordnance the total number of such V-)1s
now available for upper atmosnhere research work is anproximnately 75.,

The development of rockets which will be more adequate to the
requirements of the uo-oer atmosohere research pro-,ram has meanwhile been
continued. The nro~ss is described in detail in Part II of this report,

Accomp i hnents to Date

For the past year the Naval Research Laboratory's Rocket-Sonde
research program has utilized the Army 0r-dnance's captured Germen V-2's
as vehicles to attain altitudes between 80 and 170 kilometers. Althouý h
it was anticioated that the first year of work in this new f-'eid would
be spent in the acquisition of techniques and tknow-how; it, is oarticularly
gratifying to note thpt the results obtained in this first year of work
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represent great forward steps in at least three or four different
scientific fields. Some of these results have already been oublished in
numerous reports and yet others are in preparation. The reports, publica-
tions and talks by Naval Research Laboratory personnel on this subject
are listed under Aooendices II and III.

Briefly, the high altitude research at the Naval Research Labora-
tory has been highlighted by the following work.

(a) Astroohysics and Composition. On the basis of two different
experiments, the Inown spectrum Rf the sun has been ex-
tended from 2900 A down to 2300 A. These spectra have shown
that the sun does not act as a black body at 60000 K but
that its energy falls off progressively from the black-body
curve towards 2300 R. Many new Fraunhofer lines have been
observed and identified in this new spectral region. The
upper limit of the ozone layer has been measured for the
first time. The almost 100 spectrograms obtained to date
have also provided interesting data on sky brightness. A
more complete survey of the oro -ram and accomplishments in
Astrophysics and Composition is given in Section A of Chapter
Ii.

(b) Cosmic Rays. Four different cosmic ray experiments have
been successfully performed to date in four different flights.
At the present time four more experiments are in preparation
for incorporation in flights during May and July 1947. The
results of the first exoeriments have given more insight into
the nature of the cosmic radiation. It has been definitely
established that the greater portion of the primary radiation
consists of "hard" particles (i.e. particles which will
penetrate at least 12-15 cm of lead) and that about one out
of every five such particles will produce a shower in 12 cm
of lead. In addition it has been found that a non-primary
soft component exists above the atmosphere (to the extent of
about 301 of the total number of particles present) due
presumably to radiation originating within the earth's atmos-
phere from the primary or secondary cosmic radiation. These
results are particularly significant in that they were the
first obtained above the atmosphere where the primary radia-
tion could be studied directly. Heretofore the nature of
the orimaries could be inferred only from studies on the
secondary or tertiary radiations. A more detailed discussion
of the accomplishments and the program in cosmic rays is
given in Section B of Chapter II.

(c) The Ionosohere. The ionosehere program has been beset by
many electrical and mechanical -roblems brought about by the
nature of a rocket and its flight characteristics. Because
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of these problems the initial eýriments -,,,asre not s;ccess°-
fulo. However, data on the ionosrhere was obtaimed for tbse
first time on March. 7, 1947 to an althitude of about 130 'In
(roushly the middle of thD E layer)o This datia h c not y 1t
been. sufficiently aralyzcc to presznt ý:ny d.ecfiCxit rD fESV
at this %.imzo A ftirthe- dlisen-io.x of t.,.h ..... ½ o- .
progrc, m on the ionosphsr s is givoD,, ia Sectio of
Al.

(0a ?2;eosux ain't Temrn-sr-vttr,-c of t½_Ujo-)sr s-OO%
SuO r meSkxrmznt3 obtc)za e' nuo to .OO tiloiete - hSe

toe KmL .: a, Cito Loe st u C ute7.;e Xo 7
tyt e ! r. 0 bhick, of ) skin he " @1.ite Jo M,

ncbest~ up to 5, > i n12 no"'ihL3 'n p'Aict Ft; elt,

axboe accur•cy thie tatpe&: hm va: io-t.s .,, t.
m1i.ssie reJ, emfbcinv1 a V •2 W 1 t5:b f c, tbiL LZ o:l cC ":

CV.3i~iI of ciolf f Atc, tt ,00ht *
exczr~c cC ozxs•h•If mil.lie•• s'xrtmr; n•,il~e:', $uu>o Ct ta is of

vai~m for meteoooic:.i c'l & to xtc sts.

Tho prooosed Immediate and iorx range uThoc. atmflcc2. rc:'xesesa rh
Pro0grams ar3 dcet%.led. in Part 1I of this r•eosoc
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CHAPTER II

OBJECTIVES, ACCOMPLISHMENTS AND PROPOSED IMMEDIATE AND LONG
RANGE PLANS IN THE BASIC RESEARCH PROGRAM

A. Astrophysics and Atmospheric Composition

by

E. Durand and R. Tousey

The main objectives of the research program are (1) to study the
composition of an the physical processes in the sun, and (2) to determine
the composition of the earth's upper atmosphere, using methods applicable
to rockets.

Much of the research on atmospheric composition and all on solar
composition and processes are being carried out by means of ultra-violet
spectroscopic methods. Prior to the experiments conducted by this lab-
oratory from the V-2 rockets, the ultra-violet spectrum of the sun was
known only to about 2900 A. All measurable radiation below this wave length
is absorbed by a layer of ozone in the earth's atmosphere located near 25
km. and by the upper air itself. Experiments from balloons have not
succeeded in extending the ultra-violet spectrum appreciably since the
ozone layer is too high to be penetrated except by rockets. The ultra-
violet spectrum of the sun is of great interest to physicists, astronomers,
and to the designers of high flying rockets. The following paragraphs
give the principal fields in which knowledge gained under the foregoing
objectives is of importance.

Physical Condition of and Processes in the Sun A great deal
of interest centers in the physical condition, temxerature and composition
of the outer atmosphere of the sun. Spectroscopic evidence as well as
radio noise measurements from the sun suggest that the outer atmosphere
of the sun may be in a highly ionized condition such as would prevail at
a temperature of over 1,000,000 degrees C. As a result a large quantity
of short ultra-violet radiation should be radiated from the sun. If so,
it is completely absorbed by the earth's high atmosphere. The cause of
these high temperatures is not understood at present, but it is believed
thab they are produced by atomic energy release. A study of the ultra-
violet solar spectrum possible from rockets will be of great assistance
in understanding the processes of energy conversion in the sun.

The Icnosphere Radio transnission conditions are intimately re-
lated to the ionosphere. The ionosphere and changes in it are though to
be produced by short ultra-violet radiation from the sun. It is expected
that it will be possible by means of solar spectroscopy from rockets to
prove that it is the solar ultra-violet which is responsible for the
ionosphere. A great gain in understanding of the various layers of the
ionosphere will result. The work will have a bearing on the Prediction
of radio transmission conditions.
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Atmospheric Composition Direct determinations of composition have
been made with balloon-borne instruments only up to 20 mles. Indirect
evidence indicates the e.istence of a number of higher regions of great
interest such as the ozone layer, the various layers of the ionosphere,
and the region at very high altitude where oxygen disassociation sets in.
Each of these regions results from the absorption of ultra-violet solar
radiation and the energy transfer involved causes temperature and pressure
changes. These matters are important to an understanding of the atmosphere
and will have military -alue in connection with the design and use of
high flying rockets.

Detailed direct studies of these regions are possible with rocket
techniques. Ozone and several other gases may be measured by observing
the changes in the solar spectrum as the region in question is traversed.
Certain gases may be studied by emission or absorption spectroscopy using
rocket-borne sources of radiation.

Non-spectroscopic methods are also useful. These include mass-
spectrographs, sampling bottles, and composition-sensitive pressure gauges.
Diffusion pumps or other condensing devices will be used to concentrate
the gases, enabling the analysis to be carried out at higher altitudes.

Sky Brightness There is a need for measurement of the sky
brightness at very high altitudes at various parts of the spectrum. This
is of importance in connection with optical devices for missile control.

Altimeter for Rockets At present, research is in progress to
measure the intensity of solar ultra-violet radiations of different wave
lengths which reach different levels in the atmosphere. After this know-
ledge has been obtained it -ll be possible to use it as a method for
measuring the altitude of a rocket. An optical altimeter may be the only
device capable of measuring the altitude of a rocket when at the very highest
levels.

Weather Prediction It has been suggested that the absorption of
ultra-violet light high in the earth's atmosphere and possible variations
in the ultra-violet light emitted by the sun may have a profound effect on
the weather conditions on the surface of the earth. A pre-requisite to
the proving or disproving of such theories is the measurement of solar
ultra-violet and composition of the earth's atmosphere.

Accomplishments

Instruments A vacuum grating ultra-violet spectograph has been
designed and built. As a result of a novel device, a lithium flouride
bead, for admitting radiations, it has several features not found in any of
the other instruments designed for rocket spectroscopy. These are:



1) Wide Range - 3400 to 1100 A. This is achbi3ved by limiting
the amount of absorbing material in the light path to the 2 mm sphere of
lithium fluoride.

2) Large Acceptance Angle - 70 degrees from each of two mutually
perpendicular axes. This is of great value since the rocket ceases to be
stabilized at about 20 miles on the ascent.

3) High Speed - the efficiency of the bead as an illuminator is
at least 300 times that of the ground quartz and slit arrangement used by
others. Many short exposures are possible, so that composition may be
studied at closely spaced altitudes. Film capacity is such that one ex-
posure per second can be taken during the entire ascent. The high speed
is also of great value in extending the short wavelength limit of obser-
vation, since the intensity of solar radiation falls off rapidly with
wavelength below 2900 A.

~xperiments Performed Ten instruments have been built. Four
have been flown, of which two were successfully recovered and two destroyed
on impact. Three are scheduled for flight in May, 1947, and the balance
will probably be flown before the end of 1947.

Results Obtained In the two successful flights, nearly 100
spectra were recorded at various altitudes up to 125 Km. A single exposure
covered the range from 130 Km to the top of one of the flights - 160 Km.
Radiation was observed from 3400 A to 2100 A. Valuable contributions
were made to several major problems:

1) Solar Spectral Energy Distribution. The curve of average
radiant energy as a function of wavelength - the so-called black-body curve
of the sun - was extended from the previous limit of 2900 A to 2300 A. It
is shown in Figure 1. The ultra-violet intensities are much less than had
been predicted.

2) Fraunhofer Line Analysis. A large number of fully and partly
resolved absorption minima were observed in the region between 2950 and
2300 A. Nearly all observed minima are blends from two or more closely
spaced lines, but the principal contributors have, in many cases, been
identified.

3) Line Shapes. Line widths and intensities are important in
determining excitation conditions in the sun, necessary to an understanding
of the fundamental processes occurring there. Considerable information on
this subject is contained in the spectra. Full analysis and evaluation of
conditions in the sun will require another year or more of intensive work.

4) Ozone. The vertical distribution of ozone on 10 October
1946, is shown in Fig. 2. The results of the 1937 Explorer II balloon
flight are shown for comparison. The balloon data above 22 Km. are based
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on an indirect method and lack the inherent accuracy of the direct method
employed from the rocket. Further data are required to determine whether
the disagreement is due to a real variation in the ozone or to experimental
error

5) Sky Brightness. Some data in the ultra-violet are available.
The experiments were not, however, designed particularly for this problem,

The Future Program

Spectroscopic The present instrument was designed to survey the
whole spectrum and most of its potentialities are now knovm and have been
realized. Work is underway on more specialized instruments. The aims are
two-fold: (1) to extend the observations to shorter wavelengths, and (2) to
obtain higher resolution in the regions already observed, Each is vital
to the complete accomplishment of the objectives set forth in the intro-
duction. The two aims are not entirely compatible with each other, so that
specialized experiments and instruments adapted to the one or to the other
will be required.

Concurrently with the development of new experiments, more ex-
periments with the existing instrument are planned. Some extension of the
spectrum and further data concerning ozone distribution will probably be
obtained. Two spectographs will be launched in the 15 May missile, and
others later, if needed,

On May 1, a new specialized experiment is scheduled, using a
modification of the present instrument. The specific purpose is to observe
the ozone layer through a long, slanting path, by launching the rocket near
sunrise. The ability to detect traces of ozone and other suggested gases
at a given altitude will be increased about 100 fold compared to a mid-day
firing. This should confirm the tentative evidence that the top of the
ozone layer was surpassed in the previous flights,

Another specialized experiment involving a modification of the
present instrument is being contemplated. The bead illuminator system
causes some loss of resolution in cases where the rocket orientation changes
during the exposure, The modification consists of substituting a ground
quartz plate and a slit for the bead. In srite of the great loss in speed,
some increase in resolution will be achieved, and valuable data ma, be
obtained in the spectral region just below the ozone cut-off.

The principal difficulties in the present experiment are caused
by the roll, pitch, and yaw of the rocket during the exposure. The next
majoiý development will therefore be to stabilize a spectograph of the
present type so that its axis always points to the sun. There should
result a tremendous increase in effective exposure and a great extension
of the spectrum into the vacuum ultra-violet is expected.

I



Some improvement in resolution will be obtained from this
stabilization. However, still greater resolution is highly desirable. -'

A spectrograph is being planned having ten times the dispersion of the
present instrument. If not too bulky, it also will be stabilized. This
is the second immediate major development.

Later developments will include a spectrograph in which the
lithium fluoride bead is replaced by a small reflecting sphere, permitting
observations in the region below 1100 A. Interferometric devices are
being considered for the examination of small portions of the spectrum at
very high resolution. The intensity ratio between the visiblg solar
radiation and the radiation below 1200 A may be as high as 10 . Therefore,
in a conventional spectrograph, the longer wavelengths scattered because
of the inevitable instrumental imperfections may fall on top of the shorter
wavelengths, completely masking the latter out. This may be overcome by
using selective detectors which do not respond to the longer wavelengths.

Such devices will usually be used without a dispersing device
such as a grating, so as to avoid the energy loss involved. Their reso-
lution, poor at best, will be determined by their inherent spectral
response curve. Several types may be mentioned:

1) Photocells and Photomultipliers, used either with filters
or with special photo-surfaces insensitive to the longer wave-
lengths.

2) Photosensitive crystals, such as thermoluminescent plates
and the Pohl halogenoid crystals.

Non-Spectroscopic. The non-spectroscopic methods for determin-
ing composition were indicated in the introduction. Sample bottles are
being tried by an outside group, but may be repeated, taking advantage of
the ram compression at the rocket nose, and, perhaps, of the compression
of a diffusion pump. An ionization pressure gauge with a palladium window
for the detection of hydrogen has been considered, but appears to lack
sufficient sensitivity. The mass-spectrograph has some promise, parti-
cularly if compression is used to obtain an adequate pressure in the ion
source. There are great technical difficulties involved, however, and
it will be some time before work can be started.
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OBJECT!PIJS ACCOIPLISH1ENTS AND PROPOSED IEIT-D-ATE ANiDT LONG
RJAGE PLANS IN THE BASIC RESEARCH PROGRAM

B. CosmIc Rays

E. H. Krause and G. JT Perlow

OQbaectives

At the start of the work on this subject it was apparent that
two alternatives were possible0  Either the identity or the reactiorn of
the primary cosmic rays could be studied. It was decided to work on the
identification problem first because this required fewer assumptions to
get a useful result and second, because the experimental technique is more
or less straightforward0  It was knoTýn for example, that if there were
an appreciable electron component most of it would be well under 101 e vo
in energy. if any ionizing rays were absorbed in 15 cmo, of lead' they
would be electrons.

Accomplishments

In a first experiment, the increase in counting rate in a
flight was observed for counter tubes shielded with lead and relatively
unshielded, It appeared from this that the high altitude radiation was
entirely penetrating. However, a shower detecting arrangement showed
large numbers of showers produced in the warhead and this threw dou'bt on
the possibility of so simple a conclusion, The next experiment used co-

incidence counting and tested the penetrating properties again0 It was
then discovered that about 30% of the rays were not penetrating, A sub-
sequent analysis of the geometry of the experiment showed that this figure
could be even larger, The reason was that the penetrating radiation was
found to be shower producing with about 20% probability of discharging a
three-fold shower set under 15 cms. of lead. The production of these
showers increased the apparent solid angle of the counter set defining
the penetrating particles and led possibly to overestimating their numbers,
Relatively then, the number of easily absorbed particles was underestimated0

In a third flight the previous experiment was repeated with
better geometry. It was then found that (at a zenith angle of 45 ) about
60% of the radiation was absorbable in a large thickness of lead (14 cm.).
The other properties of the high altitude radiation were again vwrified,
iteo• the large numbers of warhead showers, and the showers under 14 Cm,
of lead (28% in this measurement) 0

In the same flight another experiment was conducted and this
gave greater insight into the properties of the radiation, The radia-
tion was tested for penetration through two successive lead plates each
only 2 cm. thick, It was then found that about 35% of the high alti-
tude rays were stopped in either the first plate or penetrated it and
stopped in the second, This indicated that at least this component was
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not primary (if the improbable case is excluded that it consisted of nuclei
of high atomic number). It has been suggested by J. A. Wheeler that these
are electrons which arise from the atmosphere below and are due to meson
decay. The ones observed presumably originated above South America and
spiraled around the magnetic field lines to reach •he point of observa-
tions. The remainder of the radiation (i.e. 65%) was observed to penetrate
the 4 cm. of lead, some of it producing showers in either the first plate,
the second plate or both. An upper limit to the relative number of pri-
mary electrons is obtainable from this data. First, it cannot be greater
than 65%-40% or 25% of the total radiation (including the Wheeler electrons).
Second, it must be less than the relative number of events in which
showkers were produced below 2 and 4 cma. since some of these are ascribed
to particles of high penetrating power. This reduces the possibility to
9% of the total or 180 of the primary radiation.

In another flight the penetration through 2, 6, and 12 cme.
of lead -a recorded. While this data is not completely analysed at
this writing, it appears that the fraction of primary electrons allowable
will be still lower. The Wheeler electrons were again found.

The Imme"Siate Future.

At the present time three experiments are being prepared for
two contemplated flights.

(a) The origin of the Wheeler electrons is to be checked by
determining the upward intensity using an anti-coincidence
method.

(b) M. Schein and his associates have re2orted the produc-
tion of meson showers in paraffin. This will be checked
in a simple experiment preliminary to any use of the
paraffin technique.

(c) A maximum in the radiation penetrating 4 cmse. lead as a
function of altitude has been observed by the Naval Re-
search Laboratory group. This could have been due to
electrons of the soft component. A check will be made by
a method due to Bhabha and to Hall in which electrons are
ruled out by their shower production.

The More 1 istant Future

The counter technique has been the only one used thus far.
Two additional techniques are being gotten ready for future flights.
Fast ionization chambers will be constructed and filled according to a
recipe of Rossi. and small cloud chambers are being designed from a large
scale prototype. The Naval Research Laboratory group has succeeded
in recovering film records on three flights. The outlook on recovery
of cloud chamber photographs is therefore considerably more hopeful
than it was early in the program. The use of thick emulsion film to
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record heavily ionizing particles directly does not appear promising
in the rocket because of the short time of flight, and no effort will
be made in this direction.

With the aid of whatever techniques and instruments are
available at the time, the following program is contemplated,

(a) Measurement of the multiplicity and angular spread of
the high altitude showers, The indications at present
are that both of these quantities are large since this
is required to explain the observed intensity and energy
of the Wheeler electrons,

(b) Determination of the relative number of primary electrons,
From the previous Naval Research Laboratory measurements
18%o is an upper limit, If more than a few percent is
present this should be determinable,

(c) Search for other groups in the primary radiation,
H, Arley has suggested the existence of negative protons
which should show up readily in a cloud chamber by the
property of penetrating a lead slab without multiplication
and producing an electron shower in a subsequent slab,
By the same technique it may be determined whether in
the process of meson production electrons are also produced.

It is, of course, not possible to comult a program of this nature
very far in advance since it may be more desirable to follow up any Fiven
result than to proceed to a new problem, However, the outline of possible

research with the rocket is permissible at this time since the scope of
the technique is more clearly seen than it was originally, With the use
of balloons and aircraft as adjuncts, the rocket program is capable of
producing important results in the study of cosmic radiation,
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CFA•PTER II

OBJECTIVES, ACCOMPLISHMENTS AND PROPOSED IMMEDIATE AND LONG
RANGE PLANS IN THE BASIC RESEARCH PROGRAM

C. The Ionosphere

by

T. R. Burnight and J. C. Seddon

Objectives

The physical characteristics of the ionosphere have in recent
years assumed a very important position in the immediate affairs of
civilization. Prior to World War II, the effect of the ionosphere on
radio communications gave great impetus to this study. Now it is clear
that continued rapid progress in the field of guided missiles, precision
radio navigation, and communications, requires more precise and extensive
knowledge of the ionosphere.

It is now possible to extend further our knowledge of the iono-
sphere by utilizing rockets to make measurements within this ionized region
of the upper atmosphere. (See Fig. 3) The great value of this feature may
not be immediately apparent when viewed only in regard to communications
since the methods long in use give continuous 24 hour records of certain
ionospheric conditions, whereas a rocket flight will last at present only
9 minutes, at the most.

The value of experimental methods utilizing rockets may be shown
by a consideration of the parameters involved in the approximate expression
for the index of refraction in an ionized medium neglecting the earth's
magnetic field.

(1) 41 Ne2

1l- w2 m

n: Index Refraction
N: Ion density
e: Charge on the ion
m: Yass of ion
w: Angular frequency of radiation

Radio pulse ionosphere height finding methods in wide use today
can at most measure directly the index of infraction whereas rocket borne
experiments may be designed to measure directly the ion density, N. Since
in the E layer there is at present ambiguity as to the ratio of free,
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electrons and the ions in this region, rocket-borne experiments are the
most direct way to determine whether the parameter on the right hand side
of the expression should be in terms of electrons, ions, or a more compli-
cated but correct relationship of both. A determination of data such as
this will perilt more accurate knowledge of many of the factors affecting
long distance radio propagation such as delay times, velocities of propa-
gation, phase shifts, intensities and numbers of modes, direction and
arrival of wave fronts, ducting, multipath phenomena, and the actual rapidity
of variations of these quantities. An example of the importance and inter-
relation of this study with guided missiles in clearly seen by considering
the problem of guidance for an area target missile traveling at supersonic
velocities and at ranges well beyond the line of sight. One of the funda-
mental requirements for this problem is the knowledge of missile position
with respect to the known ground reference point or points, at any instant
along the trajectory. To obtain this data by means of radio requires
propagation through the ionosphere, possibly to or from the missile within
the ionosphere. It is therefore important to be able to know and evaluate
those factors which could result in rapid variations of the velocities of
propagation through the ionosphere and which would introduce errors in an
otherwise satisfactory system. It is this need for precision timing of the
missile position, accurate to within tens of microseconds and precision
determination of the relation between true bearing of the missile to the
direction of arrival of radio waves with respect to the ground receiver
stations that clearly shows the inadequacy of present knowledge of the
ionosphere.

The basic research undertaken by the Naval Research Laboratory
has been pointed toward more precise determination of the various physical
parameters of the ionosphere, including measurements in those regions which
it has been previously impossible to study directly.

Discussion of Present Experiments

At present the Naval Research Laboratory is investigating the
following problems:

(a) Determination of the effective electron density as a
function of altitude.

(b) Determination of the attenuation characteristics of
the ionosphere as a function of altitude.

(c) Study of long range transmission from within the
ionosphere.

(d) Direct measurement of electron and ion densities as
a function of altitude.

Several methods of approach to the determination of these para-
meters are being pursued.
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The Phase Beat Experiment This experiment permits the measurement of the
effective electron density as a function of altitude and at the same time
records the received signal strength so that the attenuation on specific
frequencies may be studied. In essence the experiment consists of the
transmission of two or more harmonically related crystal-controlled CW
radio frequency signals from the rocket to special receiving and recording
equipment at suitable locations on the ground. These frequencies of trans-
mission are so chosen that one is sufficiently high that its velocity of
propagation is essentially unaffected by the ionosphere, or rather, in
Equation (1) the index of refraction remains essentially unity. The other
frequency is chosen to be one slightly above the maximum critical frequency
predicted for the regions into which the rocket will penetrate. For the
latter frequency, as may be seen from Equation (1), the index of refrac-
tion will approach zero, and as a result the velocity of propagation will
be greatly affected. If one considers the phase relation between the two
radio frequency signals as received on the ground, it may be shown that as
the rocket enters into the ionized region, the rate of change of phase is
given by the following expression, neglecting the effects due to the earth's
magnetic field:

M M 6H(
c (nnMw - + c x -

in which g is the rate of change of the phase relation between the reference
frequency and the lower frequency multiplied by the harmonic integer, c is
velocity of light, x is the radial distance from the ground station to the
rocket, 11w is the high or reference frequency, nw is the index of refraction
for the low frequency, nm is the index of refraction for the high frequency,

RMWis the average index of refraction for the higher frequency, and B is

the average index of refraction for the lower frequency. The first term of
the right hand member of this expression is of primary interest in the ex-
periment, inasmuch as the second term is concerned primarily with variations
of the ionosphere with time. The importance of this term may become greater
with further developments in this work; however, for the present purposes
it will be considered to be zero and the time variations will be neglected.
It is this phase beat or rate of change of phase with time which is recorded
at the ground stations. The other parameters in the expression are deter-
mined by the design of the experiment and the knowledge of the rocket's
trajectory. This allows, then, determination of the index of refraction
for the low frequency as a function of altitude, with a suitable choice of
the higher frequency. The ultimate sensitivity of this method is much greater
than previous methods, permitting the determination of electron densities
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less than 1,000 per cubic centimeter. Further advantage lies in that if
stratification in the ionosphere exists it can be easily detected by this
sensitive method. Although this experiment could be performed with the re-
ceivers missile-borne, the advantage of studying long range transmission
from within the ionosphere would not be possible. It is felt that trans-
mission from within the ionosphere is prefereable for long range propaga-
tion studies, since no serious limit is imposed on the number or location
of reception stations, whereas a missile-borne receiver could not readily
be made to receive and identify signals from several transmitters.

The "phase beat" experiment has successfully recorded continuous
data up to an altitude of approximately 110 km. and at several points above
that up to 128 km. This may give us our first insight into the conditions
existing between the E and F layers. At this time analysis of the records
has not been completed. Many experimental problems have been encountered
and solved and a great deal of invaluable experience as to suitable instru-
mentation for rocket investigation was acquired. It was soon found that
the problem of developing suitable antennas for transmitting at low fre-
quencies from the rocket was a major problem. The information on these
subjects obtained to date will be of great value to other fields such as
supersonic aircraft development and guided missiles.

In the March 7 V-2 firing an attempt was made to study the long
range propagation of signals transmitted from the rocket. Arrangements
were made with various Navy stations throughout the world, and with the
Bureau of Standards Ionosphere Recording Stations to record the time at
which signals, if any, might be received. No data was obtained because of
the serious problem in alerting and coordinating these observers, since it
is exceedingly difficult to launch a rocket exactly accordjng to schedule.
Further attempts of this nature will be made, and an effort made to improve
the method of alerting the observers.

Immediate and Long Range Program

This problem of research involves a great deal of theoretical
analysis of data and the coordinating of this data with existing and newly
discovered data in related fields such as the temperature, pressure, com-
position and solar spectra in the upper atmosphere at various altitudes.
A large amount of preliminary laboratory research and development is re-
quired for initiating new experiments or modifying and improving experiments
presently in use. The phase beat experiment is amenable to a number of
.modifications each with various degrees of increased complexity, which will
supply new and valuable data. The following are among those under considera-
tion:
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(a) A study of the velocity of propagation can be made by add-
ing a receiver to the equipment in the rocket0 A timing pulse
tra.smitted to the receiver on a frequency unaffected by the
ionosphere may be used to modulate the transmitters in the
rocket. Hence, a comparison of the elapsed times of the two
received signals recorded on the ground wi~ll supply the data
on propagation velocity.

(b) A different study of the long range propagation may again
be made by the addition of a receiver or receivers to the roc-
ket equipment, The receiver or receivers in this experiment
would be tuned to one or more of the frequencies transmitted
for e•.ýample by VWV.. The timing pulses thus received in the
rocket will be applied as a modulation to the transmitter
frequencies as before. This would then permit a ground station
at any point capable of receiving both the transmission
from WWV and the rocket to record directly the transmission
times0 Such records obtained at several suitable ground
stations would furnish a great deal of information on modes
of propagation, multipath transmission, and serve to check
maximum usable frequencies, etc. The received signal ampli-
tudes at the rocket could be telemetered.

(c) By reversing the phase beat system, that is, put receivers in
the rocket and the transmitter on the ground, this same method
could be modified to include the differential absorption ex-
periment proposed by the Bureau of Standards. The modifica-
tions on the basic system involved for the differential
absorption experiment consists of transmitting a suitable
frequency in such a manner that it is radiated alternately
circularly polarized right handed and then left handed. The
rocket-borne receiver then compares the received amplitude of
the extraordinary and ordinary transmissions and a measure of
the differential absorption is thereby obtained. From this
it is possible to compute the ratio between free electrons
and the ions present in the E layer. In addition, by suit-
ably spacing the s-vrltching intervals of the transmitted rofo,
the respective velocities of propagation for the ordinary and
extraordinary modes can be measured by additional electronics
in the vehicle. This data in addition to the phase beat data
would then be telemetered to the ground0

(d) To study the long range propagation of microwave frequencies
it is proposed to transmit high power pulses from a suitable
3 cm transmitter. The missile antenna used will be vertically
directive but omnidirectional horizontally. During the major
portion of the rocket trajectory if the rocket spins but does
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not tumble, then appreciable propagation path lengths through
the ozone and E layer to receiving stations on the horizon
can be obtained. This would permit a measurement of attenua-
tion with long path lengths and also a determination of pos-
sible ducting effects at low angles of incidence. This will
be of importance in long range detection or control systems.

Direct Measurement. Considerable theoretical and laboratory research has
been carried out to establish the fundamental basis for a direct measurement
of the electron and ion densities as a function of altitude. Several
methods of instrumentation are under consideration and it is planned to per-
form the experiment in the July 10 Naval Research Laboratory V-2. The
methods are similar in basic design being primarily a determination of the
saturation current for electrons and positive ions respectively. The
differences lie primarily in the geometry for best obtaining suitable
electric field configurations and freedom from boundary layer disturbances.

An experiment to measure the electrical potential of the rocket
will be run simultaneously in the flight. This will consist of a special
generating voltmeter so designed that it will also be suitable aerodynamically.
The data obtained from these experiments will be telemetered°

The information thus obtained directly will be used to check and
strengthen data obtained by the phase beat method and the two kinds of data
will be used to learn more about the tzue role of the ions and electrons
respectively in the propagation of radio waves in the E layer.
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CHAPTER II

OBJECTIVES, ACCOMPLISHMENTS AND PROPOSED IMmEDIATE AND LONG

RANGE PLANS IN THE BASIC RESEARCH PROGRAM

D. The Physical Characteristics of the Atmosphsre

by

N. R. Beet and R. J. Havens

Objectives

Immediate, The immediate aim of the Naval Research Laboratory's pro-

gram of investigating the structure of the upper atmosphere is to de-

termine:

(a) Pressures, temperatures, and densities in the upper

atmosphere, Lost of the phenomena observed in the

upper atmosphere depend in sore way upon the pressure,
the temperature and the density of the gases of which
it is composed.

(b) Mechanical movements in the upper atmosphere. The

amount of mixing is an important factor affecting the

properties of the atmosphere and this is controlled by

convection caused by heating of certain portions of
the upper atmosphere.

Indirect. The attainment of these i=mediate objectives leads indirect-

ly to the furthering of knowledge about

(a) The effect of solar radiation on the upper atmosphere.

Solar radiation produces Fany changes in this i;edium.
The existence and properties of the ionosphere are

dependent upon solar absorption, and pressure, and

temperature and density of the air. Disassociation of

the molecules in other regions is caused by radiation.

(b) The ionosphere. The ionized regions of the upper air

are of importance not only froTr the point of view of

basic research, but also from the point of view of

radio, guided missiles, etc. Knowledge of the effects

of pressure, temperature, and density variations, as
well as convection movements in these regions, is

important.
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(c) The aurora. Auroral phenomena are closely interrelated
with the structural properties of the atmosphere.

(d) Radio transmission in the upoer atmosphere. There is
an obvious practical, as well as purely scientific
value to studies which further knowledge about radio
transmission.'

(e) Meteorology in the lower atmosphere. Correlations
between upper air and lower air phenomena may prove
to be highly useful.

(f) Meteors. Increased accuracy in the pressure, tempera-
ture and density data about the upper atmosphere, can
lead to increased accuracy in determination of sizes
and speeds of meteors.

Applications. The upper air data obtained on pressures, temperatures,
and densities are of direct value to many fields. Some of these are:

(a) Aerodynamic design. In the aerodynamic design of guided
missiles and high altitude aircraft, such information is
most important. The knowledge of the pressure and density
will enable the calculation of drag and of structural
stresses imposed on the missile due to its passage through
the atmosphere. Furthermore, it will be possible to cal-
culate the temperatures that the skin of the missile will
reach and to make allowances for them. Lift to be expected
in the case of high altitude aircraft can be calculated, as
well as the possibility of obtaining oxygen for ram jets
from the air through which the planes are to fly. Know-
ledge of the temperature of the air is necessary for
certain aerodynamic calculations, such as the determination
of Iach number. The engineering applications of this infor-
mation are bound to become more important with the rapid
expansion in such fields as these.

(b) Weather forecasting. Pressure patterns are known to have
an effect on the weather. Studies of the upper atmosphere
movement may lead to a better understanding of the condi-
tions causing the weather. Motions of pressure areas may
be the information that will lead to long range weather
predictions over large regions.

(c) Radio transmission. The close relationship between radio
transmission and weather in the troposphere is well known.
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2 to 20, depending, on the altitude: , These me, surements have been meaade by
applying techniques which take into consideration the high velocity of the

rocket and even utilize the pressure reamming effect due -to the rocket.s
motion, although this effect is many times the magnitude of the pressure

change being measured. It has been possible to measure the temperature of

the gas through which the rocket is passing by kmowledge of the velocity
of the rocket (as determined from other sources) and pressures measured on

the rocket under two special conditions. Ambient pressure of the surrounding

gas has been measured directly at places on the rocket which have been
shown to read pressure independently of velocity.

In order to make these pressure measurements on the rocket., it
has been necessary to make modifications, refinements, and adaptations of
existing typesof gages. Every attempt has been made to keep the gages as
simple as possible since they must operate unattended. All of them have
had to be redesigned to have electrical outputs suitable for telemetering.

The principal results obtained thus far in the program are pre-
sented in the accompanying curves, which are based on data obtained on 10
October 1946 and on 7 March 1947. Measurements up to 15 kilometers agree to

within experimental error with balloon data obtained simultaneously, indicating

reliability of data taken at high altitudes.

Temperatures calculated from the slope of the pressure curve and
from ram pressure measurements are shown in the second figure. Data from
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both methods were available at 65 km from the March 7 experiments, and
agree wi hin experimental error. The data show the temperature changes

from 220 K at 20 kmto about 3200 K at 55 km and then drops to 20e K at
80 km. Above 90 km the temperature apparently rises to about 3350 K
at 120 km.

The skin temperature of the warhead was measured for skdn thick-
ness of 1/3 inch and 1/9 inch steel and for 1/9 inch aluminum0 Tempera-
tures obtained indicate that maximum temperature change in 0C above initial
temperature on ascent for a 100 mile high flight can be calculated from

T - 10
t

where t is the thickness in inches of the steel warhead, The ratio of the
temperature rises of the aluminum and steel was inversely proportional to the
ratio of their heat capacities.

Between the forward section of the fins and the warhead the
maximum rise (on ascent) above takeoff temperature of the 1/2 mm steel
skin varied between 1250 C and 2000 C.

Future Research.

The future program contemplated for this phase of Rocket-Sonde
Research is the following:

(a) Continuation and extension of the present pressure and
temperature measurements. It is planned to continue the
present program to gather sufficient date on the conditions
in the upper atmosphere to be handled statistically. Check
experiments will be devised and performed to eliminate
errors in the present instruments and methods as well as to
measure the extreme pressures and temperatures that are
experienced. Data will be gathered to establish the magni-
tude of the average daily and seasonal variations which
are known to occur 0 Pressure, temperature, and density
measurements will be extended to the maximum altitudes
reached by the sounding rockets.

(b) Further development and improvement of the types of gages
now in use. The Pirani gages are to be improved to read
pressures in the range where the Philips gage is now used,
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that is to about 10-5 mm Hg., Aith resultant simplification
of the installation. Attempts will also be made to decrease
the time constant of this type of gage. And in the case of
all of the gages reading at pressures less than one micron
of mercuryx efforts mist be m-de to decrease the amount of
gas given off by the gage mounting during the flight, This
problem becomes more serious as the measurements are made
at lower and lover pressures°

(c) Measurements of partial pressures of the constituent gases
of the upper atmosphere. it winll be attempted to devise
means to measure the partial pressures of the variot.•s constit-
uent gases, and to develop techniques and. instruments for
differentiating between the molecular and atomic states of
the gases.

(d) Development and application of nev techniqueso It is ex-
pected that new techniques ,ill have to be developed to make
pressure and density measuremerte at the highest altitudes
where mean molecular spacings are so great that the effects
of individual or small groups of molecules will have to be
considered, rather than the statistical effects usually
measured at higher pressures"
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CHAPTER III

PROGIRESS AND PROPOSED DEVELOPMENTS IN THE SUPPORTING PROGRAM

A. The V-2 Research Warhead

by

T. A. Bergstralh

The use of the V-2 for upper atmosphere research requires a
special warhead to carry the neeaed experimental equipment. To meet
this need for the entire program, the Rocket-Sonde Research Section of
the Naval Research Laboratory undertook to design and procure a warhead
suitable for this purpose. Accordingly, a design was prepared and a con-
tract let to the Naval Gun Factory for the construction of twenty-five war-
heads to be used with the first V-2 series. This contract was let on
1 March 1946, and the first warhead delivered to the Naval Research Labora-
tory on 1 May 1946. Subsequent deliveries were made on a schedule of
approximately one per week, and warheads were supplied to the participating
agencies as required. A sufficient number of these warheads are on hand
to supply all scheduled firings through 24 July 1947.

A second design has been prepared and a second contract lpt to
provide twenty-five additional warheads to be used with the second V-2
series. The first of the new warheads will be delivered on I May 1947,
and the balance at two week intervals.

The first design was for a three section warhead comprising: a
nose tip, a nose- section, and a main body. This entire warhead was con-
structed of 3/8"' cast steel and weighed approximately 1000 lbs. empty. The
nose tip is 12 inches long and has a base diameter of three inches. Thisunit has normally been used for pressure and temperature measurements of theatmosphere. The nose section is 22 inches long and has a base diameter of
12.37". It was originally designed to house a solar spectrograph. The main
section is 57 inches long and has a base diameter of 37.625". This main
section is equipped with three access doors, there being two 15" x 17" access
doors starting 16 3/4" forward of the warhead base, and one 12" x 12" door
42 1/8" forward of the base. The principal share of the eiectronic and other
equipment used in research assemblies was placed in this main warhead sec-
tion which was sealed at ground level to maintain a pressure of one atmos-
phere throughout the flight. The accompanying photograph, Figure 6, shows
one of these warheads.

The second warhead design calls for a two section unit comprising
a nose cone and a main body. The main body is constructed of 3/18" cast steel,
is 33" long with base diameters of 23.87" and 37.625". This section isequipped with two large access doors identical with those on the first model.
At the upper end of this body is a pressure bulkhead to permit individual
pressurization of the two sections. The upper section, or nose cone, is
49.87" long with a base diameter of 23.87" and is constructed of 1/8" alu-
minum. It is completely removable from the main warhead body for ease of
installation of experimental equipment. This design is similar to a modifi-
cation made for the 7 March 1947 firing, which modification is shown in
Figure 7. However, in the future warheads the nose cone will be constructed
entirely of aluminum instead of a steel and aluminum cone as shown.
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Fig. 7 - The V-2 Warhead of 7 March 1947
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of the 100 V24s btrought to thin country from the SB ooean Theattre, at

least 25 would be fired a"t tho litc Fonds Preying Ground by Art y 0ra-aceo

Subsequent arrgeanm.st. were mol; which perzltte, the us: of those rockets

for high altitude researcho Thus, the de' elpmsntm of suitable telemetering

equipment became a crash program

It was the accepted philosophy of the Eaval Research Laboratory at

that time that the primary reliance for the recovery of data from the V-2

must be placed upon telemetering° Although nrmerous methods of reco-erig

physical data have since been suggested and tried, the first decision to

place the major responsibility upon tolemetering equipment has proven to

be a wise one, Recovery methods have been uncertain, and slow in develop-•

ingo The Naval Research Laboratory has been particularly fortunate in re-

covering camera film, spectrograph film, cosmic ray recorders, and other items by
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separation of the warhead with an explosive charge. This charge has been
detonated by a timing mechanism in the rocket or by a radio link. The tail
section has proven by experience to be the best location within the rocket
for recovery purposes, These methods have been and still are considered only
supplemental to telemetering for recovery of information obtained during
flight.

Within a three-month period of the initiation of the V-2 Program,
the design and development of a complete telemetering system had been com-
pleted and a contract let for airborne telemetering units. Both airborne
and ground station equipments were made available for the first V-2 flight
in which telemetering was required on 29 May 1946. This system was a
sequential pulse time modulated system in which channel intelligence was
contained in the time spacing between succesoive pulse groups. The peak
r. f. output power was 700 watts at 1000 megacycles.

The first airborne units were constructed under a contract with
the Raytheon Manufacturing Company and are being used at the present time
in much the same form as originally designed. A picture of one of these
units is shown in Figure 1. The first ground station equipment consisted
of two completely mobile stations m1ounted in K-65 type trailers, towed by
a truck containing a 25 kilowatt generator. In each trailer was carried a
1000 megacycle receiver, a video amplifier, a decoding unit, the necessary
recording equipment, the auxiliary monitoring test equipment, communication
receivers and transmitters, and the timing devices.

Since the introduction of this equipment, the Naval Research
Laboratory has installed and operated all telemetering equipment used with
the V-2 rockets. Early experience showed that the signal was lost due to
cross polarization whenever the rocket rolled, so the original dipole
antennas, shown in Figure 1, were replaced on the 5 December firing with
circularly polarized tripole antennas. At this time the ground station
antennas were likewise converted. Figure 2 is a view of the ground station
antenna, Excellent opportunity was provided by the use of these antennas
to observe the improvement afforded by them in the 9 January flight in which
the rocket rolled after 47 seconds of burning. Although no loss of signal
was observed after burning, a definite roll period of about one second was
established from roll gyros installed as a part of the experimental equip-
ment carried in this particular flight.

Present Status

The present telemetering system includes a 23-channel sequential
pulse time modulated airborne transmitter having a peak r. f. output power of
1200 watts at 1000 megacycles. The external appearance of this unit has not
been changed from that shown in Figure 1. Power is obtained from dry batteries
for the high voltage supplies and from storage batteries for the filaments.
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Fig. 8 - Telemetering Airborne Unit with Dipole Antenna
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Fig. 9 - A Telemetering Receiving Antenna Installed
On the Roof of the Ground Station at White Sands
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The totall wetht Js l.ess than 1. ar ouG and the size is aI proi -e

1L," x EL" - 22% The compIlete unit is mountedt in P p surice case., The

channel input voltage requirement is f z- 0- 0o tou 5 volts foý. ful~l rlodula :

tiono Optional overvoluage protect,'ion in S vaI lab]e, For ahe teleftetei

of slowl]y va ryinv ph1renoma scn as p ressures and tempertes;. cv: m e-chail
subcommutators are provijded T ese subcor=.tators were ori,- lly developed
by the Navai Research Laboratory and we nufactured by the hatha, avy-
Instrument Comipany, They are present.ly available a- stock items foruse

future flights, By means of these unitsl channels car.. be- siubcoiciiate
on a single channel,, This would alIow a total of 345 channels to be tele,

metered at a sa. p.ing rate of -bout one cycle per second, By :eans of a

motor-driven calibrator unit, each channel can be calibrated at zero and

3-1/2 volts alternately thro~ughout Lhe flight at about 15 second intervals,
This allows an overall calibrated accuracy of 2 to 3%,

The antennas used with the airborne unit at the present time are
of the circularly polarized turnstile type of Figure 10 which are superior
to the circulariy polarized tripole type previously used because of their
more uniform circular field pattern° Field non-uniformities have thus been
reduced from 7 db to 1-1/2 dbo

For the ground receiving and recording installations, the Naval

Research Laboratory maintains and operates a 30' x 30' permanent concrete

block building, Ficure 11, appro-imstely six miles north of the launching
site in a position directly in the line of fire, The two telemetering
ground installations are of similar design, each consisting of a 1000 mega-
cycle antenna, receiver, video amplifier, 23-channel decoding unit, and
recording equipment, as shown in Figure 12 In addition to housing two com-

plete and independent telemetering ground installations, this building
houses complete radio communication facilities, operating and testing space,
and a complete photographic darkroom for processing film records obtained
during test periods. The directional receiving antennas are similar to
those of Figure 9 and consist of pedestal mounted 41 parabolic reflectors
w.ith circularly polarized antenna feeds. These pedestals are mounted on
the roof of this building and are operated in asimuth and elevation by means

of servo control from either an optical tracker or a manually-operated
director oriented by means of the level of the received telemetering signal,
By means of a cross patching arrangement, either of the two stations can
feed any combination of the five multichannel oscillograph film recorders
shown in Figure 13. Two time reference markers are provided for each of
these recordersz one from the master time signal generated at the block-
house, initiated at the instant the rocket leaves the firing platform;
and another from a chronometer controlled second-marking time bus from
within t.ýe telemetering building. In this way, the utmost flexibility in
the gro ,ad recording of the telemetered information is afforded. The two
stations are always operated simultaneously during an actual flight in
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Fig. 10 - Turnstile Antenna and Mount
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Fig. 11 The Telemetering Ground Station at White Sands
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order to guarantee complete telemetering records in case of tube or component
failure in either station. A mobile trailer houses one of the original tele-
metering ground installations and radio commnication units which have been
modified by improvements resulting from operational experience . This station
is used for special tests and to provide training for new personnel in a
manner that will not jeopardiia the overall telemetering setup during an
actual flight ,

In addition to these ground receiving installationsg a telemetering
receiving station is maintained in the blockhouse for monitoring roeket per-
foruancae pr•ior to and immediately after the start of every firing•, An addi-
tional laboratory is also maintained for the modification, alignment, and
testing of all airborne units prior to any flight.

The Naval Unt, White Sards, has provided the Naval Research Lebora-
tory with certain supporting facilities and assisting peresyael since their
establishment in the fall of 1946.

For processing and printing the large amotunt of film record ob-
tained from each flight, often amounting to over one thousand feet of 9 -12/2 "
film. the Naval Research Laboratory has a contract with the New Mexico
College of Agricuilture and Mechanical Arts. The College develops the film
immediately after each firing, making available preliminary prints of the
records obtained to the interested activities within a pariod of 48 hours,
In addition, this contract allows for detailed ana2ysis by the College of
any record obtained when so requested by the participating- agency involved.

Future Plans

Recognizing that the present sequential telemetering system, which
was developed on a crash basis within a three month period, inherently includes
some details that can be modified for greater freedom from noise, reduction
of cross talk, and higher accuracy, the Naval Research Laboratory undertook
the develop'ent of an improved system during the summer of 1946, This system
is a 30-channel matrix pulse time modulated system having a minimum of 3 kw
peek r. f. output power at 1000 megacycles. The sampling rate will be over
300 cycles per second. The pulse time modulation is applied to the rof. car-
rier. The modulation process consists of a series of equally spaced marker
pulses interleaved with a succession of channel information pulses. Channel
intelligence is contained in the time spacing between the channel information
pulse and its corresponding time reference marker. All marker pulses are
suppressed during transmission with the exception of one during each sampling
period. This is a triple pulse, suitably coded in time spacing so as to
distinguish it from the channel information pulses, which furnishes the basis
for synchronization of the ground station.
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This system has now been developed to a point whe~re a contract is
being let with the Hazeltine Electronics Corporation fox- the production of
70 airborne units. The ground equipment, as in the case of the older system,
will be constructed at the Nasnal Research Laboratory. Subcommutation will
be permissible as in the case of the present system, extending the total
number of teleuntered channels to 450O By virtue of the definite time space

for each channel, this system will be inherently noise free to a degree not
approachable in the present system,

Receivers designed on the basis of the best 1000 megacycle practice
will increase the overall system rof. sensitivity by a minimum of 10 db
over that presently obtained. The major part of this improvement results

from, the use of an improved input cavity, the use of grounded grid IF
amplifier stages. ad.d automat-ic gain control, Cross talk in this system

will be far less than 'n the present system inasmuch as each channel is

triggered from an 4.n.i:<d,& time reference marker rather than from the
orevious channel, The ne- s wt, m will utilize a calibrator consisting of
!Oep voltages of zero to volts r, sin steps recurring at a 5 second period.
In this ways an overaX, acc* ash of better than 1% Aill be obtainable0

The ground station will incorporate specially designed cathode
ray tube camera recorders operating directly from the output of the video
amplifier and elimionating all of the necessary decoder channels utilized in

the present system, This method of recording is made possible bec'nse of
the definite time of initiation of each channel utilization period which is
independent of time. periods of previous channels..

Present expectations are for the complete overall testing of this
system to begin at Vhite Sands by October 1947 and for actual use of the V-2
Progray as a whole by December 1947. In this manner, the V-2 High Altitude
Research Program will be provided with the most modern telemetering system
available, designed and developed on the basis of long-term operational
usage and analysis of the present sequential system. Additional improvements

anticipated in the ground installation at the ahite Sands Proving Ground
include the introduction of commercial power, a 15-pair telephone line lead-

ing to the Army blockhouse, the Navy blockhouse and the camp area, complete
automatic heating, ventilating and air filtering systems at the house, and
automatic tracking of the antennas on the maxima of the received telemetering
signal.

Availability to Other gencies

Prior to the letting of the contract for this new system, the Naval
Research Laboratory submitted invitations to all other agencies in this field
to participate in this procurement. Requests have been received from other
agencies for these units and the contract was extended to include these request

The telemetering ground station facilities at the W'hite Sands
Proving Ground, which are maintained by the Naval Research Laboratory, have
been made available to other agencies utilizing this system,
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CHAPTER III

PROGRESS AND PROPOSED DEV.LOPMENTS IN THE SUPPORTING PROGRAM

C. Radio Control

by

Ja T. Mengel

The firing of a rocket like the V-2 demands, fror a safety stand-
point, the inclusion of some type of radio control by which the thrust may, at
any time during the launching and flight, be cut off at the discretion of
operatinL personnel. Component failure, especially during the early part of
the flight, can result in such erratic operation that the impact point will
lie anyi here inside or outside the firing range. From the very first flight
tiie Naval Research Laboratory has provided, installed and operated on each
shoot a modified version of the ARW-17, frequency modulated, radio control
receiver for this function of emergency fuel cutoff.

The function of warhead blowoff, to aid in recovery of data, has
also been performed with the same control system, using two of the five
available channels. A sufficient quantity of ARW-17 receivers nas been ob-
tained to last at least through missile #40, at which time it is intended to
substitute ARW-37 receivers. The ARW-37 is also a frequency modulated five
channel receiver, very similar in characteristics but operated at a slightly
higher frequency. One of the presently used receivers in its pressurized
case can be seen at the top of the V-2 control chamber shown in the figure.

While the emergency cutoff receiver has been installed in every
flight, its use has been necessitated upon only four occasions. firing #2,
16 April 1946 when one fin fell off; lb August 1946, steering control
failure; 22 Augýýust 1946, gyroscope failure; and 7 November 1946, cause of
failure undetermined, In each case the equipment functioned properly and
fuel cut-off was accomplished, permitting the rocket to land within a safe
area,

Warhead blowoff was first attempted on firing J5, 13 June 1946, and
again on firing +6, 28 June 1946. Positive indication was obtained on the
latter flight tlat the explosive charge was successfully detonated, but separa-
tion was, in both cases, unsuccessful. The first successful warhead separa-
tion was obtained on firing #9, 30 July 1946, and, while the warhead itself
was never located, the afterbody of the rocket was found in fairly good
condition. Since this time, there have been a number of successful attempts
at warhead blowoff. The extension of the use of remote control to other
control functions has been considered.

The ground station~which was powered by a portable gas engine
generator and battery system, is to be replaced as soon as possible by a semi-

permanent rack and panel type installation in a K[-65 type trailer. Conversion
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to 110 Volt SO ope0 2sion powere6, from a P11-95 gas engine power
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Fig. 14 - Emergy Cutoff Receiver Installed in the V-2 Control Chamber
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APPENDIX I

V-2 FIRING SCHEDULE*

COMPLETED FIRINGS

FIRING DATE COGNIZANT RESEARCH AGENCY

A. Preliminary Firings

1 1946 15 March Static firing

2 16 April General Electric Company

3 10 May General Electric Company

4 29 May General Electric Company
5 13 June General Electric Company

B. The First Cycle

6 1946 28 June Naval Research Laboratory

7 9 July General Electric Company
8 19 July General Electric Company

9 30 July Applied Physics Laboratory
10 15 -ugT t Princeton University
11 22 August Air Materiel Command

Co The Second Cycle

12 1946 10 October Naval Research Laboratory

13 24 October Applied Physics Laboratory

14 7 November Princeton University
15 21 November Air Materiel Command

D. The Third Cycle

16 1946 5 December Naval Research Laboratory
17 17 December k-pliel Physics Laboratory

18 1947 10 January Naval Research Laboratory
19 23 January General Electric Company
20 20 February Air Materiel Command

Eo The Fourth Cycle

21 1947 7 a rch Naval Tlesearch Laboratory

22 1 April Applied Physics Laboratory

23 8 April Applied Physics Laboratory
24 17 April G. B. Co. - Signal Corps

*The firing scheduapas modified slightly by the V=2 Panel. (cf. p. 3) as

this report went to nress. Tho information here given contains these
changes and is, accordingly, accurate as of 7 May,
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APPENDIX I

V-2 FIRING SCHEDULE

DEFINITELY SCHEDULVD FIRINGS

COGNIZANT RESEARCH AGENCY

Naval Research Laboratory
Ft. Bliss (tentative)
G. E. Co. - Signal Corps
Air Materiel Command -

Signal Corns
Signal Corps - Naval Research
Laboratory

1947 10 July

24 July

31 July
7 August

Naval Research Laboratory -
Signal Corps
Applied Physics Laboratory -

Signal Corps
Ft. Bliss (tentative)
General Electric Company -
Signal Corps - Air Materiel
Command

summer vacation

25
9

-)3

September
October
October

Air Materiel Command
Signal Corps
Ft. Bliss (tentative)

H. The Seventh Cycle

1947 6
20

18
1948 R

November
November
December
December
January

Naval Research Laboratory
Applied PhysicZ Laboratory
General Electric Company
Air Materiel Command

*Denotes additional firings by Army Ordnance. V-2 Panel has first call
on these dates, if exigencies demand.

**Denotes reserved for exigencies.
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F 1I ING DATE

F. The Fifth Cycle

25

26
27

28

1947 15
79

12
26

May
May
June
June

I July

G. The Sixth Cycle

29

30

31

32
33

34
35
36
37



APPENDIX I

V-2 FIIRiI! SCHEDT-LJ

DVPIFTXTIL2 SCV2WJI)X3 YIP

DATq COGNIZANRT ERHSFARCE AW-]CY

I. Tho *'tighth Cycle

194a 22
5

19
A
13

1

January

March
M~arch
April

J. Thz Ninth Cycle

1946 15 Apr21
2ý9 April

12 Maey

27 May
10 Jurn,7,

Nav,,al Research Laboratory
General Electric Company
Applied PAico Laboratory
Air Materiel Command

Signal Co eO

Naval Reeearch Laboratory
General Electric Company -

Air Materiel Comoand
Applied Phyaico Laboratory
Aj•• Materiel Commnand

K, The Tenth Oycle

1948 24 June
8 July

22 July
5 August

Naval Roosarch Laboratory
General Electric Company -
Air Materiel Command

Applied Phyaico Laboratory
Air Materiel CommOnd

L. The Eleventh Cycle

1948 September Air Materiel Command
Air Materiel Command

**lDenotes reserved for exigencies.
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38
39
40
41

42

43
44

45
46

47
48

49
50

51
52



APPENDIX II

REPORTS AND PUBLICATIONS BY NAVAL RESEARCH LABORATORY PERSONNEL
ON UPPER ATMOSPHERE RESEARCH

"Cosmic Radiation Above 40 Miles" by S. E. Golian, E. H. Krause, and
G. J. Perlow, The Phrysical Review, August 1 and 15, 1946.

"Upper Atmosphere Research Report No, I", by various authors, Naval
Research Laboratory Report No. R-2955, 1 October 1946.

"Telemetering From the V-2", by V. L. Heeren, C. H. Hoeppner, J. R.
Kauke, S. W. Lichtman, and P. R. Shifflett, Naval Research Laboratory
Report No. R-3013,, 1 October 1946.

"Additional Cosmic-Ray Measurements with the V-2 Rocket" by S. E. Golian,
E. H. Krause, and G. J. Perlow, The Physical Review, November 1 and 15,
1946.

"Solar Ultraviolet Spectrum to 88 Kilometers" by W. A. Baum, F. S, John-
son, J. J. Oberly, C. C. Rockwood, C. V. Strain, and R. Tousey,
The Physical Review, November 1 and 15, 1946.

"Pressure and Temperature Measurements in the Upper Atmosphere" by
Nolan R. Best, Eric Durand, Donald I. Gale, and Ralph J. Havens,
The Physical Review, December 1 and 15, 1946.

"Upper Atmosphere Research Report No. II", by various authors, Naval
Research Laboratory Report No. R-3030, 30 December 1946.

"Solar Spectroscopy at High Altitudes" by Charles V. Strain, Sky and
Telescope, February, 1947.

"Non-Primary Cosmic-Ray Electrons above the Earth's Atmosphere" by
G. J. Perlow and J. D. Shipman, Jr., The Physical Review, March 1, 1947.

"Telemetering from V-2 Rockets" by V. L. Heeren, C. H. Hoeppner,
J. R. Kauke, S. W. Lichtman, and P. R. Shifflett, Electronics, March, 1947
and April, 1947.

"Photography from The V-2 at Altitudes Ranging Up To 160 Kilometers",
Naval Research Laboratory Report No. R-3083, by Thor A. Bergstralh,
April 1947.

"Exploration Of The Upper Atmosphere By Means Of Rockets" by H. E. Newell,
Jr., The Scientific Month4 , June 1947.
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"Solar Absorption Lines between 2950 and 2200 Angstroms" by Eo Durand,
J. J. Oberly and R. Tousey, The Physical Revie June 1, 1947o

PAPERS ACCEPTED FOR PUBLICATION

"Eccles-Jordan Scale-of-N Circuits" by B. Howland. Electronics.

PAPERS SUBIM[TTED FOR PUBLICATION

"Electronics for Cosmic Ray Experiments" by B. Howland, C. A. Schroeder
and J. D. Shipman, Jr., The Review of Scientific Instruments.

"Further Cosmic-Ray Experiments above the Atmosphere. by S. E, Golian
and E. H. Krause, The Physical Review,

"Pressure and Temperature of the Atmosphere to 120 Kin" by N. Best,
R. Havens, and H. LaGow, The Physical Review.
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APPENDIX III

TALKS BY NAVAL RESEARCH LABORATORY PERSONNEL
ON UPPER ATMOSPHERE RESEARCH

Time Place

Electronics in the
V-2

Spectroscopic Results
from the Oct.10 V-2

Exploration of the
Upper Atmosphere
by means of Rockets

Radio Pulse Tele-
metering

High Altitude Re-
search with V-2
Rockets

The Solar Ultraviolet
Spectrum from a V-2
Rocket

Solar Spectroscopy

30 Oct. 1946

27 Oct. 1946

7 Dec. 1946

10 Dec. 1946

28 Dec. 1946

30 Dec. 1946

10 Jan. 1947

American Institute
of Electrical
Engineers,
Washington, D. C.

Johns Hopkins Univ.
Chapter of Sigma Xi
Baltimore, Md.

Wash. Philosophical
Society, Cosmos Club
Washington, D. C.

Am. Society for
Experimental Stress
Analysis,
New York, N. Y.

Am. Association for
the Advancement of
Science,
Cambridge, Yass.

Am. Astronomical
Society,
Cambridge, Nass.

Journal Club, Ap-
plied Physics
Laboratory, Johns
Hopkins University,
Silver Spring, Md.

E. H. Krause

R. Tousey

H. E. Newell, Jr.

C. H. Hoeppner

E. H. Krause

R. Tousey

R. Tousey

Topics Speaker
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System in Use at
White Sands Pro-ving
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Cosmic Ray Research 19 ar 1947
in the V-2

Results of the Cosmic 21 Maro 1947
Ray Experiment in
the January 10, 1947
Rocket

--w 7ecoA'Tst Te1e,s
Section of the Mno
Inst0 of Electrical
TExg., El Paso, Texaso

Nash. Phys. Collo-
quium, National
Bureau of Standards,
Washington, D.C.

Princeton Cosmic
Ray Seminar,
Princeton, No J.

HNi, A. Erovieg
(W0 LI. Co2lleg'
A. & MA.)

E. H. Krause

G. J. Perlow

e of
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Topi cs

High Altitude
Research with
V-2 Rockets

Cosmic Rays
Above the
Atmosphere

Ozone Distri-
bution from a
V-2 Rocket by
E. Durand, F. S.
Johnson, J. J.
Oberly, J. D.
Purcell and
R. Tousey

Absorption Lines
in the Solar
Spectrum from
2950-2300 A. by
E. Durand, F. S.
Johnson, J. J.
Oberly and R.
Tousey

V-2 Photographs
up to 100 Miles
Altitude

Pressure and Tem-
perature of the
Upper Atmosphere
from a V-2 Fired
on March 7, 1947

V-2 Ionosphere
Studies by the
Nava4 Research
Laboratory

25 April 1947

25 April 1947

29 April 1947

29 April 1947

29 April 1947

29 April 1947

29 April 1947

Am. Philosophical
Society, Phila-
delphia, Pa.

Princeton Cosmic
Ray Colloquium,
Princeton, X. J.

Am. Geophysical
Union, Meteorology
Section, Washing-
ton, D. C.

Am. Geophysical
Union, Terrestrial
Magnetism and Elec-
tricity Section,
Washington, D. C.

Am. Meteorological
Society Annual
Meeting, Washington,
D. C.

Am. Meteorological
Society Annual
Meeting, Washington,
D. C'.

Am. Geophysical
Union, Terrestrial
Magnetism and Elec-
tricity Section,
Washington, D. C.

E. H*. Krause

E. H. Krause

R. Tousey

E. Durand

T. A. Bergstralh

R. J. Havens

T. R. Burnight
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TALKS SCBEDULED0 FOR TIM Y. •ER FUTURE

Further Cosmic Ray
Experirnents Above the
Atmosphere

A V-2 Cosmic a-ay
Ezp)e rimmrit

A Diode Coinciden
Circuit

Rocket Obso:':sriou-
of th.e ionospa hzz

A year wI' U,
Atnoer> or:o ('w zsv&c

1At1, h m, n HP

V-2

T i me

3 May 1947

3 ?Lay 1947

3 M2 y 1947

9 Oa 1947

13 .>y 1917

20 ... 29•'

Place

Am. Physical Society,
Washington, D. Co

Am, Physical Society5

Washington9 D. 0.

Pm, PL'vnic.l SoCisty9

Washington, D. C.

2Natiemay. Buroea of

Stantdrris, Radii,,
PFopagation ConferenceD
;Jbýh,:,gt 0, 3, CJ ,

Eenszo2.aer Poly-
tGO 9 ZFlt YQ0V. t -

T:-oy• No I

S~i-:c 4Fi

ID:'0ttcit of Co!rrtiu.
5.;hools9" We. h'4 5to.
DKO
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