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ABSTRACT

This report gives an account of the Rocket-Sonde Research Program of
the Naval Research Laboratory during the period of the third and fourth
cycles of V-2 firings at White Sands in New Mexico. Three Naval Research
Laboratory flights took place during these cycles on December 5, 1946,
January 10, 1947 and March 7, 1947. Descriptions of these are provided,
and the details of the instrumentation for the missiles are given. The
results in cosmic ray research, high altitude spectroscopy, the investi-
gation of the ionosphere, and atmospheric pressure and temperature studies
are given, The vibration measurements which were made in the V-2 during
the March 7 flight are described. Photography at very high altitudes is
discussed. 4n analytical basis for determining the altitude of a spinning
missile after fuel cutoff is presented. The report also includes further
results, beyond those previously reported, of continuing analyses of
spectrograms obtained on October 10, 1946. Finally, there are discussions
of continued progress in telemetering, including a description of a new
Naval Research Laboratory pulse matrix telemetering system.

STATUS OF THE PROBLEMS

This is an interim report on the problems listed on the title page;
work on all these problems is continuing.

xi




A photograph of the earth taken from the V-2 fired on
March 7, 1947. When the picture was made, the rocket had
an altitude of 162 kilometers (10l miles) and was within a
quarter of a kilometer of the peak of its trajectory.




UPPER ATMOSPHERE RESEARCH
REPORT NO. IV

INTRODUCTION

After more than a year of research the Naval Research Laboratory's
Upper Atmosphere Research Program can be viewed in perspective in a
manner which was not possible initially. As a result, attention no
longer focuses upon the few hundred seconds of a single V-2 flight, but
rather upon the results of a number of flights. The results of past ex-
periments now guide the planning of future research. Such effects are
clearly reflected in the material of the present report.

The first chapter of the report provides a summary of the accomplish~
ments of the Naval Research Laboratory's Rocket~-Sonde Research Program
through the fourth cycle of V-2 firings. This chapter is reproduced from
a paper which was read before the Annual General Meeting of American
Philosophical Socjety in 1947, and later published in the Proceedings of
that institution.l The report as a whole deals principally with the re-
sults and methods associated with the Naval Research Laboratory flights
in the third and fourth cycles. It also includes further reports on data
from earlier flights, a discussion of the problem of determining missile
aspect, and an account of the telemetering service which has been funda-
mental to the program,

A considerable number of new developments were associated with the
three Naval Research Laboratory flights treated here, Circular polari-
zation of the telemetering signal was first employed during the December
5, 1946 firing. For the first time, on January 10, 1947, an entire V-2
was devoted to a single phase of upper atmosphere research, namely: the
study of the cosmic radiation. During the flight of March 7, 1947, and
for the first time in history, the pressure and temperature of the atmos-
phere were measured to an altitude of 120 kilometers (75 miles), data on
ion density were obtained from within the D and E regions of the iono-
sphere, a high-resolution spectrogram was made at 75 kilometers (47 miles)
altitude, and photographs of the earth were taken from altitudes in ex-
cess of 160 kilometers (100 miles). The most widely known of the high
altitude photographs appears in the Frontispiece. The March missile also
carried the first of the series of redesigned research warheads now in
use, a turnstile radiator for telemetering, and vibration measuring equip-
ment,

1Ernst H. Krause, Proc. Amer. Philos. Soc. 91, (1947).
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CHAPTER I

H1GH ALTITUDE RESEARCH WITH V-2 ROCKETS

by

Ernst H. Krause

The study of the heavens is an ancient science. It began with spec-
ulation about the movement and constitution of the sun; later it moved into
the greater universe of the stars;l and more recently it expanded into that
small but very interesting region of space represented bty the earth's at-
mosphere.2 It seems fitting that a review of the more modern aspects of
this subject should be made here since Franklin himself, the founder of the
American Philosophical Society, made some of his more important contri-
butions to science in this field.,3

The atmosphere of the earth is a very complex affair. Many things

are known about it and yet the over-all picture is beclouded by lack of
sufficient information of the various mechanisms involved to tie all of the
observed phenomena into one unified picture. The presence of the lower at-
mosphere makes the study of phenomena in the upper atmosphere very diffi-
cult and in many cases impossible. Similarly, the existence of the atmos-
phere sets very definite limitations on studies in such fields as astro-
physics and cosmic rays, while on the other hand the atmosphere provides us
with many new phenomena to study, such as the ionosphere, the aurora, etc,

The answer to many of these difficulties is to study the phenomena
within the atmosphere at those points where they occur and to make astro-
physical and other studies from above the atmosphere. A step in this dir-
ection was the exploitation of the balloon as a vehicle. The balloon, how-
ever, has two serious shortcomings. First, it has a maximum ceiling be-
tween 30 and 4O km, Many observations have been made up to these altitudes
by means of balloons, but a great deal of data is desired above these alti-
tudes. Second, the payload capabilities of balloons are limited to the
order of 100 pounds, unless one makes use of complicated balloon formations

1Shapley, H., and H. E. Howarth, 4 source book in astronomy, New York.,
McGraw-Hill, 1929.

2Hulbﬁrt, E. O., Upper atmosphere of the earth, J. Opt. Soc. Am, 37: 405,
1947

3Fleming, J. A., Terrestrial magnetism and electricity, 149, New York,
McGraw-Hill, 1939.
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or of very large balloons such as were used in the Explorer flights.h:5
Both of these difficulties can be solved by the use of rockets which are
not limited in ceiling, and, although there are payload limitations, the
problem of carrying 1,000 pounds to altitudes of 200 km or more is per-
fectly feasible.

Although rockets themselves date back many centuries, the utilization
of one which would carry sufficient weight to conduct an experiment did not
 seem practical up to the beginning of the last war. However, with the ad-
vent of the war, a tremendous impetus was given to rocketry because of its
usefulness as a military device, so that several rocket-powered vehicles
emerged from the war which could reach altitudes greatly in excess of any
that had been reached before. Of these devices, the V-2, designed and
built by the Germans, was well out in front. Not only did it reach alti-
tudes much greater than any previously attained by rockets or by other
means, but it also was sufficiently large that it could carry a payload
much greater than any research worker had hoped for.

The work on the upper atmosphere utilizing the German V-2's in this
country has been going on for a little more than one year. Even in so
short a time it can be stated that the V-2 has already made important con-
tributions to such fields as solar spectroscopy, cosmic rays, and the
measurement of atmospheric pressures and temperatures.6:7’8:§ To those

LotBrien, B., Vertical distribution of ozone in the atmosphere, part one:
Spectrographic results of the 1934 flight, N, G. S. Contrib. Tech. Papers,
Stratosphere Series 2:49, 1936.

50'Brien, B., F. L. Mohler, and H. S. Stewart, Jr., Vertical distribution
of ozone in the atmosphere, part two: Spectrographic results of the 1935
flight, N. G. S. Contrib. Tech, Papers, Stratosphere Series 2:71, 1936.

6Upper atmosphere research report no, I, Naval Research Laboratory Report

R=2955, 1946.

TNewell, H. E., and J. W. Siry, Upper atmosphere research report no. II,
Naval Research Laboratory Report R=3030, 1946.

8Upper atmosphere research report no. III, Naval Research Laboratory Report

R=3120, 1947.

9Upper atmosphere research report no. IV, Naval Research Laboratory Report

R-3171, 1947.




of us in the field, it is somewhat surprising, but nevertheless
gratifying, that the early experiments have proved so successful.
We had anticipated that the complexities involved in perfecting
the necessary new techniques could easily have consumed the first
year's work.

First, I would like to say a few words about the organiza-
tion of a project as large as this., There is no one organization
that encompasses the entire project. The V-2's themselves are
assembled, made ready to fire, and fired by the Army Ordnance De-
partment with the aid of the General Electric Company under a spe-
cial contract for this purpose. Once the V-2 has been fired, it is
of course very important to know where it is at all times in its
trajectory, so that data taken can be correlated against altitude,
range, etc. The ballistics and the problem of tracking in general,
involving many types of radio, radar, and optical methcds, are the
responsibility of the Ballistic Research Laboratories of the Aberdeen
Proving Ground,

The actual upper atmosphere work is conducted by various insti-
tutions indluding the Air Material Command, involving the University
of Michigan and Watson Laboratoriee, the Applied Physics Laboratory
of The Johns Hopkins University, the Signal Corps, and the Naval
Research Laboratory. In addition, there are numerous other contri-
buting agencies, including Princeton University, the National Bureau
of Standards, Harvard University, and California Institute of Tech~
nology. All of the work is coordinated through a V-2 Panel which
consists of members from most of the above named institutio.s and
agencies,




THE V=2

Just to refresh your memories I might point out a few of the
characteristics of the v-210, Figure 1 shows the V-2 on its launch-
ing platform. It stands about 46 feet high, has a total weight of
28,000 pounds when fueled and 9,000 pounds empty. The total weight
of payload carried is about 2,000 pounds. Its diameter is 65 inches.
Stabilization is accomplished by a set of carbon vanes placed in the
jet, aided by a set of air vanes in the fins. Fixed gyroscope
stabilization is maintained in azimuth, and a gyroscope program
control feeds a predetermined tilt program to the fins., When the
rocket motor is started, the rocket begins to rise slowly as soon
as the acceleration due to the thrust exceeds 1 g. Since a rocket
motor of this type is a constant thrust device and since the mass
is constantly decreasing owing to fuel consumption, the acceleration
gradually increases until after about 60 seconds it reaches a value
of 645. At this point the fuel is completely consumed, the missile
is out of the denser atmosphere and it proceeds on a trajectory
which is a function only of its position and velocity at the time of
fuel burnout, Up until the time of burnout it is, as previously
pointed out, completely stabilized. Thereafter, since it is out of
the atmosphere and since no more jet power is available, no further
stabilization is obtained. The result is that any accidental
angular momentum imparted during the fuel burnout period produces a
roll, pitch, or yaw during the remainder of the free-space flight,
Here we encounter the first objectionable feature of the V-2 rocket
as a research vehicle, We find that, in general, there is a very
definite roll about the rocket's longitudinal axis over most of the
trajectory. In addition there have been cases where a definite yaw
and pitch have been observed. The exact knowledge of the missile's
attitude after burnout is not complete at present but is the subject
of an intensive study.

1OSmit,h, C. H., Jr., Upper atmosphere research report no. I, Chap. I.
General description of the V-2 and the firing program of the Army
Ordnance Department, Naval Research Laboratory Report R-2955: 7, 1946.
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Fig. 1. V-2 on its launching platform. Note the
camera opening in the mids2ction and also the spe-
cial painting on the warhead to facilitate recovery.




Figure 2 shows the trajectory of the V-2 as it was plotted for a fir-
ing on March 7, 1947. A study of this trajectory brings out a second short-
coming of the rocket in general, that is the short time that it spends in
free space. It can be seen, for example, that the time the rocket spends
above 50 km is about 5 minutes. It is therefore necessary to complete all
experiments in this limited time, '

To conduct work in the V-2 it was necessary to design and build a
special warhead with access doors for installing and adjusting the equip-
 ment, It is not a standard device but usually undergoes special modifi-
cation for each flight, depending on the particular experiments involved,

DATA RECOVERY

Two general methods of data recovery are used, One involves telemeter-
ing (radio transmissions of data from the missile to the ground); the other
involves direct recording of information on film or other recorders, follow-
ed by physical recovery of the equipment after impact,

Of these two general methods by far the more successful has been that
of telemetering., The telemetering system which has been employed in all
V-2 firings is a 23 channel pulse time modulated system designed at the
Naval Research Laboratory.ll The information is transmitted by means of a
group of pulses such that the intelligence on any given channel is contained
in the spacing between two adjacent pulses, Twenty~-four such pulses consti-~
tute one group for a 23-channel system, The group repeats at a rate of
approximately 200 cycles per second; hence each channel is sampled at this
rate, Figure 3 shows the complete telemetering unit in its pressurized
container together with the airborne antenna, Pressurization is, of course,
necessary to avoid arc-over and corona at the lower pressures which the
missile passes through. The system uses subminiature tubes, operates at a
frequency of approximately 1,000 mc, and has a peak power output between
one and two kw., The entire record of a flight is recorded on the ground
by several different methods, the most important of which is a string
oscillograph. A picture of a typical recording is shown in figure 4.

We have under development and should have in use within the next six
months a 30-channel telemetering system using a 300-cycle sampling rate,

IlHeeren, V. L., C. H. Hoeppner, J. R, Kauke, S, W, Lichtman, and P, R,
Shifflett, Telemetering from V-2 rockets, Electronics 20: 100-105, 1947.

12Upper atmosphere research report no, IV, Chap. XI, The Telemetering
System, Naval Research Laboratory Report R-3171, 1947.

)
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Fig. 3. Telemetering transmitter removed from its pressurized
container. The circuitry for each of the 23 channels can be
quickly unplugged for servicing. The two motors at the top are
used for periodically transmitting calibrating voltages while
in flight. Note the almost exclusive use of subminiature tubes




&

[ 4

/2 SEC ———

R wwwwwmwmwwmwwwwmw
S‘UB .(‘JOM:AUT:TE{)J PdESS‘URg &‘TE:»!PE%ATGRE JGAU‘GESJ

l‘\
__.____/’\P/JJ/"V 7Y Ve

L]
— p— -

- o o

/-\_.___mlﬁﬂ el

ELAPSED FLIGHT TIME

o——
d o

MM

— A g
——

mwmwvwmwmwmwwwmwwmwmww

_—
‘““. —-.

4 o J 4 & d 4 o4 ¢ o

’ 4 ‘
LY m
—— —
- .m, L] ™ o J ~ - .”, L "] - o .MF
.
ﬂ' A—
¢ M 4
o— ¢ an——
_j’. L4 4 — - - ” o s a— ” - rd ’
10NOSPHERE
IONOSPHERE
IONOSPHERE
ROLL GYRO . -

GOSMIG RAY COUNTS

ADVANCE ———— &,

/-“— GAMERA g
o S e SPEGCTROGRAPH ACVANGE

4

» ) » ~ - -~ - »
—— — - — —
" » o~ -~ LN -~ L] L
o G, N W -

fn o~ fovon s

CHRONOMETER TIMER

Fig.4.
record are timing signals.

Typical section of telemetering record.

Top and bottom of the
The subcommutated channels at the top of the

record represent different types of pressure and temperature information,

ezch individual deflection corresponding to a different guage.

The iono~

sphere channels at this time in the record present essentially direct

information.
in its stabilized period.

The roll gyroscope shows no roll since the missile is still
The rest of the record is self-explanatory.
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By means of a subcommutator we will be able to extend the number of
channels to 450 using a sampling rate of approximately one per second,

The recovery of data by telemetering is not completely satisfactory
in all cases., For example, the telemetering of spectrographic data,
although possible, is not very satisfactory. Furthermore in all cases
when the missile begins to gyrate severely, as it does occasionally, the
telemetered data is not continuous because the antenna is at times com~
pletely shadowed by the missile, For these reasons other methods of data
recovery are being studied. One of these methods is the use of drag
mechanisms, including parachutes,

The use of drag mechanisms for recovery is probably feasible, but
considerable development work still needs to be done. The present method
of recovery involves breaking up the missile during its downward flight in
such a way that each individual piece coming down has a high drag coef-
ficient and very poor stability, the result being that the piece in
question will tumble or float down, It has been found by this method that
equipment even after very high flights will arrive at the earth in fair
condition, and occasionally will be found completely intact. Thus, for
example, on our October 10 flight, the spectrograph which was installed in
a tail fin, was recovered in such a good condition that further calibration
runs were made on it in the Laboratory without readjustment. The induced
breakup had torn the fin loose and it had apparently floated back to the
earth. DIight pounds of TNT tied to the beams supporting the warhead are
usually used to produce blowoff., The correct time of detonation is ob-
tained by means of a timer mechanism and also by means of radio such that
the TNT is detonated by the appropriate one of these two methods at an
altitude of about 60 km above the earth on the downward flight. A photo-
graph of a V-2 after a 170 km high flight is shown in figure 5. By this
means we have to date recovered four spectrographs (two in usable con-
dition), three photographic recorders, four still picture cameras and ten
motion picture cameras, most of which went to an altitude of 170 km. In
all cases the films were in excellent condition, even though in some cases
no precautions were taken to protect them on impact,

Our present program is concerned with four fields of high altitude
research, namely, cosmic rays; the ionosphere; pressure, temperature, and
composition measurements; and astrophysics involving primarily the spect-
run of the sun. A typical layout of these various experiments in a V-2
is shown in the sketch of figure 6. A more detailed view of the in-
stallations in the warhead and control chamber is shown in figures 7, 8,
and 9., Beginning at the extreme nose tip of the missile we have an in-
stallation for measuring ram pressures, Immediately behind this in the
warhead is the cosmic-ray telescope with the necessary electronics below
the telescope, The ionosphere transmitter is directly below the cosmic-
ray electronics., Also in the warhead are a timer, remote control switch-
ing panel, accelerometers, telemetering commutator, batteries, and miscel-
laneous equipment, In the control chamber immediately behind the warhead
are the telemetering transmitter, several distribution and testing panels,
and the TNT for blowing off the warhead. In the midsection between the
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Fig. 5. V=2 after impact. The chances of recovery of film cartridges
and other recorded data from the missile after impact are very good,
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Instrumentation of the V-2 for 7 March 1947

Fig. 6. Cutaway sketch of the V-2 as it is used for upper atmosphere research
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alcohol and oxygen tanks, two cameras are mounted for taking pictures at
intervals on the way up. The cosmic-ray film-recording camera is mounted

on one of the motor supports immediately below the oxygen tank., The
spectrograph is mounted in one of the fins and is provided with a fairing

to maintain the necessary streamlining of the fin, At the extreme tail end
of the missile are mounted the various antennas for telemetering, ionosphere,
and emergency cutoff equipment., I should now like to discuss each of the
various experiments at greater length.

COSMIC RAYS

There are many cosmic-ray experiments that one can perform even in a
rocket which spends only four or five minutes above the atmosphere. Of
all the possibilities we felt that two stood out above all others, namely,
(1) a determination of the nature of the primary radiation (heretofore the
nature of the primaries could be inferred only from studies of the secondary
or tertiary radiation within the atmosphere), and (2) a study of the funda-
mental reactions taking place as the primaries pass through the atmosphere,

Until the advent of the rocket, cosmic-ray experiments had been con-
ducted in balloons up to an altitude of about 24 km, corresponding to an
atmospheric pressure of 2 cm of mercury. These experiments 13, l4 had
determined the distribution of the total as well as the "hard" cosmic
radiation through the atmosphere, and they indicated that even at pressures
as low as 2 cm of mercury the primary radiation had already reacted with
air nuclei to produce a secondary radiation generally considered to be
mesons, The V-2 was capable of reaching the region of the primaries (up to
this time generally considered to be protons by most workers in the
fieldls 15) and also of passing through the very interesting region in
which the ultranucleonic transformations, which result in meson vroduction,
take place. One of the latter was assumed to be the very important and
fundamental proton-meson reaction about which very little is known, since
it apparently occurs on earth only in the cosmic radiation at the top of
the atmosphere,

13Bowen, I. S., R. A, Millikan, and H. V. Neher, New light on the nature
and origin of the incoming cosmic rays, Phys. Rev. 53: 855-861, 1938.

lischein, M., W. P, Jesse, and E, D, Wollan, The nature of the primary
cosmic radiation and the origin of the mesotron, Phys. Rev. 56: 615, 1941,

l5Johnson, T, H., Composition of cosmic rays. Evidence that protons are
the primary particles of the hard component, Rev. Mod, Phys. 11: 208, 1939.
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Four different cosmic-ray experiments have been successfully performed
to date in four different flights.lé, 17, 18, 20, 21 At the present time
three more experiments are in preparation for incorporation in flights dur-
ing May and July 1947. The results of these experiments have given more
insight into the nature of the cosmic radiation, The first two experiments
established the fact that the greater portion of the primary radiation con-
sists 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 was found that large
showers were produced by the primaries in the rather considerable mass of
material in the warhead which surrounded the counter telescope., On the basis
of this information the third and fourth experiments were performed which I
should like to discuss in greater detail.,

The third experiment18 consisted of two parts, In the first part a
cosmic-ray telescope was arranged to test the penetrating properties of the
incoming ionizing radiation, It was found that (at a zenith angle of 459)
about 60 per cent of the radiation was absorbable in a large thickness of
lead (14 cm). The other properties of the high altitude radiation were
again verified, i.e., the large numbers of warhead showers, and the showers
under 14 cm of lead (28 per cent in this measurement). The second part of
the experiment, conducted in the same flight, tested for penetration
through two successive lead plates each only 2 cm thick. It was then found
that about 35 per cent of the high altitude rays were stopped in either the
first plate or penetrated it and stopped in the second. This indicated that
at least this component was not primary (if the improbable case is excluded
that it consisted of nuclei of high atomic number), It has been suggestedl
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 earth's magnetic field lines to reach the point of
observation. The remainder of the radiation (i.e. 65 per cent) 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 primary electrons is obtainable from these data. First, it cannot
be greater than 65 per cent minus 40 per cent or 25 per cent of the total

16Golian, S. E., E, H. Krause, and G, J. Perlow, Cosmic radiation above
forty miles, Phys. Rev., 70: 223, 1946,

17Golian, S. E., E. H. Krause, and G. J, Perlow, Additional cosmic-ray
measurements with the V-2 rocket, Phys. Rev, 70: 776-777, 1946.

18Perlow, G. J., and J. D. Shipman, Jr., Non-primary cosmic-ray electrons
above the earth's atmosphere, Phys., Rev, 71: 325, 1947,

1%nheeler, J. A,, Private communication of August 26, 1946.

?0golian, S, E., and E, H. Krause, Phys. Rev. TL: 918, 1947.

21Howland, B., C. A, Schroeder, and J, D. Shipman, Jr., Electronics for
cosmic-ray experiments, Rev, Sci, Inst. 18: 551, 1947,




radiation (including the non-primary electrons). Second, it must

be less than the relative number of events in which showers were
produced below 2 and 4 cm, since some of these are ascribed to par-
ticles of high penetrating power. This reduces the possible number
of primary electrons to 9 per cent of the total or 18 per cent of the
primary radiation. '

The fourth experiment2o consisted of a counter tube telescope
arranged so that the percentage of particles penetrating 2 cm, 6 cm,
and 12 cm of lead could be determined. The number of three-fold show-
ers under these same thicknesses was also measured. The telescope was
mounted vertically in a specially designed warhead so that it looked
directly through the warhead nose as shown in figures 7, 10, and 1l.
The heavy lead shielding around the lower half of the telescope was
introduced in an attempt to reduce the number of rocket showers found
in previous experiments., This shielding, in conjunction with the ab-
sorbing lead plates, was sufficient to eliminate most of the registered
rocket showers of primary or non-primary electronic origin. It was
found that the number of rocket showers actually doubled over that of
previous unshielded experiments. This would indicate that these show=-
ers must be of non-electronic origin. It was found that, above the at-
mosphere, 25 per cent of the total radiation present was absorbed in 6
cm of lead. Although this is somewhat less than that found in the first
 experiment, it is assumed to be the same type of non-primary electron
component discussed above. The different percentages in the two experi-
ments are attributed to the variation of this component with zenith an-
gle. A total of 59 per cent of the particles penetrated 12 cm of lead.
The remaining 16 per cent was absorbed in 12 cm. In all cases the larg-
er portion did not produce showers under the lead. Thus, primary elec-
trons would be ruled out since these would produce large showers under
2 and L cm. As a matter of fact it is difficult to understand how any
of this component could be due to primary particles since the large ener-
gies associated with the primaries should produce some type of reaction
below 12 cm of lead unless, of course, neutral particles are involved.
If we assume that all of the radiation except that absorbed in 6 cm is
primary, then we find that the electron component determined on the ba-
sis of shower production could not be more than a maximum of 14 per cent
of the primary; the non-electronic component absorbed in 12 cm is 18 per
cent of the primary and the non-electronic component penetrating 12 cm
is 68 per cent of the primary. The ratio of the total radiation in free
space to that at sea level was 1l.5. The ratio of the hard component
(that which penetrated 6 cm of lead) in free space to that at sea level
was 9.0,
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Fig. 10. Schematic of counter
telescope arrangement in war-
head for the 7 March 1947 missile
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ASTROPHYSICS AND COMPCSITION

Because the earth's atmosphere had limited spectroscopic observations
of the sun to a lower wavelength limit of 2863 A,zz astronomers have long
been looking forward to the time when the unknown far-ultraviolet region
could be observed. Even though balloons could reach altitudes of 30 km they
were not quite able to pierce the ozone layer and, because of the ozone ab-
sorption band which lies just below 2900 A, the lower wavelength limit ob-
served at 30 km was about the same as it was at sea level, 3

A rocket which reached altitudes of 170 km and higher should prove very
valuable in further solar spectral studies., To get such a spectrum and at
the same time to get more constructive information on composition of the at-
mosphere, a special vacuum %rating spectrograph, shown in figure 12, was de-
signed to fit into the V-2.° Two small lithium fluoride beads are used for
obtaining a wide angle of view so as to minimize the effect of roll and other
movements of the missile. The image from this little bead is reflected to
a grating and in turn to a 35 mm film on which the images from the two beads
are recorded separately. The spectrograph was originally designed to fit in
the nose of the warhead but, because of greater ease of recovery, it has been,
in more recent flights, mounted in one of the tail fins. As pointed out pre-
viously, spectrographs have on several occasions been recovered in such good
condition that they were capable of being used again.

Two successful experiments have been conducted to date in solar spectro-
scopy with the result that nearly 100 spectra have been obtained at various
altitudes up to 160 km.24,25 The spectrograph (similar ones were used in the
two flights) was arranged to record only the wavelengths below 3400 A; in some
of the spectra obtained at higher altitudes radiation was recorded down to
2100 A. Analysis of these spectra has produced the following results.

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 2200 A shown in figure 13.

22pettit, Edison, Measurements of ultra-violet solar radiations, Astrophys.
Jour. 75: 185-221, 1932,

23Regener, E., and V. H. Regener, Aufnahmen des ultravioletten Sonnenspektrums
in der Stratosphare and vertikale Ozonverteilung, Phys. Ztschr. 35: 788-793,
1934; (See also references 4 and 5.)

2hpaum, W. A., F. S. Johnson, J. J. Oberly, C. C. Rockwood, C. V. Strain, and
R. Tousey, Solar ultraviolet spectrum to 88 kilometers, Phys. Rev. 70: 781, 1646,

25Durand, E., J. J. Oberly, and R. Tousey, Solar absorption lines between 2950
and 2200 angstroms, Phys. Rev. 71: 827-828, 1947,
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wation on this supject is contained
in the spectra. Full analysis and
evaluation of conditions in the sun
will require another year or more of
intensive work,

L4, Ozone, The variations of the
spectra with altitude for the 10
October flight are shown in figure 15,
The effect of the absorption of ozone
can be clearly seen by noting the
absorption band in the region of 2300
to 2800 A below 55 km. The vertical
distribution of ozone on this flight
is shown in figure 16,27 The results
of the 1936 Explorer II balloon flight
are shown for comparison.” The balloon
data above 22 km are based on an indi-

rect method and lack the inherent ac=-
curacy of the direct method employed

The ultraviolet intensities are much
less than had been predicted,26

2. Fraunhofer Line Analysis. A
large number of fully and partly re-
solved absorption minima were ob-
served in the region between 2950
and 2300 A, as shown in figure 1j.
Nearly all observed minima are blends
from two or more closely spaced lines,
but the principal contributors have,
in many cases, been identified, Of
particular interest was the appear-
ance of the Mg II doublet at 2795 and
2802 A as bright emission lines in
the center of a broad absorption
region created by the same pair,25

3. Line Shapes. Line widths
and intensities are important in
determining excitation conditions in
the sun, and necessary to an under-
standing of the fundamental processes
occurring there, Considerable infor-

SOLAR ULTRAVIOLET SPEGTRUM .
3200-2300 ANGSTROMS

J 00 280
i!!!%‘ ak:ﬁ$ww 'Fﬁll||!|lﬂ.l|||ll'l'..

SRR A LA

2600 2500 2400 - 2300

Fig. 1l4. Fraunhofer -spectrum cbtain-
ed in 7 March 1947 missile - first
photograph with such high resolu-
tion in the region below 2900 A

26Durand, E., and R, Tousey, Upper atmosphere research report no, III,
Chap., II, Naval Research Laboratory Report R-3120, 10, 1947.

27Ibid,, 11.
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Fig. 15. Composite spectra showing ozone absorption band. The
spectrum at 88 lkm actually extends as low in wavelength as at 55 km
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from the rocket., Further data are required to determine whether the dis-
agreement at high altitudes is due to a real variation in the ozone or to
experimental error. The lower maximum is known to be present on days when
the total ozone content of the atmosphere is abnormally high.28

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

Future experiments in this fleld will aim at still lower wavelengths
and greater resolution,
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Fig. 16. Vertical ozone distribution. -
The double layer is rather unusual
but has been reported previously,

ALTITUDE (KM)

OM O3 /KM

28Gotz, F. W. P., Der Stand des Ozonnroblems, Vjs, Naturf., Ges. Zurich 89:
250, 1944,




2L

PRESSURE AND TEMPERATURE
EXPERIMENTS

Actual measurements of pressure and temperature in the upper atmos-
phere have been made for many years by various methods. Balloons regularly
obtain this information up to 30 km. Above this altitude various indirect
methods have been used, including measurements on meteors,29 sound range
measurements of large explosions,30 and others.?

Although we have a vehicle which will carry us to an undreamed of al-
titude, the problem of measuring such basic quantities as pressure and tem-
perature from a missile which is moving at a velocity of 1 mile a second is
far from easy. This becomes clear when one calculates the adiabatic tem-
perature rise on a thin piece of material placed on the nose of the V-2.
For the velocities involved this temperature is higher than 1000° C.

Our attack on the problem to date has been to measure the so-called ram
pressure at the nose of the missile and the pressure at a point on the side
of the missile at which, according to wind tunnel tests, the pressure is with-
in a very small percentage of ambient. Since a pressure range of 108 is cov-
ered in a normal flight, it is necessary to use various types of gauges. The
range from atmospheric pressure down to about 1 cm of mercury is covered with
a bellows gauge; the range of 2 cm mercury to 103 mm mercury is measured with
Pirani gauges3l while the region of 10-3 to 10-5 mm mercury is studied by means
of Philips gauges32 and ionization gauges.33 The most complete measurements
to date were obtained on flights in October 1946 and March 1947.3k,35

29Whipple, Fred L., Meteors and the earth's upper atmosphere, Rev. Mod. Phys.
15: 246-264, 1943,

30Gutenberg, B., The velocity of sound waves and the temperature in the strat-
osphere in Southern California, Bull. Am. Met. Soc. 20: 192, 1939.

3lStrong, J., Procedures in experimental physics, 145, New York, Prentice-Hall,
1944,

32Yarwood, J., High vacuum technique, 29, London, Chapman and Hall, 1945.

33strong, op. cit., 143.

34Best, Nolan R., Eric Durand, Donald I. Gale, and Ralph J. Havens, Pressure
and temperature measurements in the upper atmosphere, Phys. Rev. 70: 985, 1946.

35Best, N., R. Havens, and H. LaGow, Pressure and Temperature of the Atmosphere
to 120 km, Phys. Rev. 71: (12), 915, 1947.
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I would like to discuss briefly the March flight in which a total of
15 pressure and 2 skin temperature gauges were installed., Ambient pressures
were measured up to about 80 km with gauges mounted on the side of the V-2,
Just forward of the tail section. Pirani gauges mounted in similar positions
on opposite sides of the rocket gave readings which agree within experimental
errors, indicating that no appreciable error was introduced by yaw of the
missile up to this altitude., A single Philips gauge was mounted on the 15°
cone of the warhead. The readings of this gauge, when geduced to ambient
pressures by use of the theories of Taylor and Maccoll3 gave values up to

120 km altitude. Pressure measurements obtained by these two methods are
shown in figure 17.

Temperature measurements are of two types: (1) measurement of ambient
temperatures and (2) measurement of skin temperatures and temperatures with-
in the missile. The direct measurement of ambient temperatures from a rock-
et has not yet been successfully accomplished. The temperature of the at-
mosphere was calculated from the slope of the pressure vs. altitude curve and
from the ratio of ram to ambient pressures. Pitot tube theory was used to
ohtain Mach number from the ratio of ram pressure to ambient pressure, The
velocity of the rocket divided by Mach number gave the velocity of sound,
from which temperature was calculated. Figure 18 is a plot of the temper-
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36Taylor, G. I., and J. W. Maccoll, Proc. Roy. Soc. 139: 278, 1922,
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atures derived by these methods. Shown also are the temperatures measured
by means of a weather balloon released within an hour of the time of the
rocket's flight. For comparison, the NACA estimated mean temperature 7 is
included on the curve. Probable error is +25° from 50 to 60 km, +150 at
65 to 70 km, and +20° at 72.5 km. The prcbable error above 100 km is

+40° Temperatures calculated from ram pressures for altitudes between 10
and 20 km are 5 to 20° lower than the expected temperature., This discrep-
ancy is possibly caused by errors in the velocities calculated from the poor
radar data obtained during the first 20 km of the flight.

Two platinum resistance temperature gauges were installed to measure
the temperature of sections of the 15° nose cone. The temperature rise on
the 0.1 inch thick aluminum forward section of the nose was 120 * 50 C,

On the 0.1 inch steel section immediately behind the aluminum,” the temper-
ature rise was 85 +5° C,

IONOSPHERE

It is now possible to extend further our knowledge of the ionosphere38
by utilizing rockets to make measurements within the ionized region of the
upper atmosphere.

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

1) 47Ne2
n=y 1-%zm

n: Index of refraction

N: Ion density

e: Charge on the ion

m: Mass of ion

w: Angular frequency of radiation.

37Warfield, Calvin N,, Tentative tables for the properties of the upper
atmosphere, National Advisory Committee for Aeronautics, Technical Note
1200, 1947.

38Mimno, H. R., Rev. Mod. Phys. 9: 1, 1937.
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Radio pulse ionosphere height-finding methods in wide use today39 can
at most measure directly the index of refraction at certain points, whereas
rocket-borne experiments may be designed to measure directly both the index
of refraction and the ion density N at all points reached by the rocket.,

The V-2 reaches altitudes corresponding to the top of the E layer. Since
in the E layer there is at present ambiguity as to the ratio of free elec-
trons to ions, 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 both. A determination of data such as these
will permit more accurate knowledge of many of the factors affecting long
distance radio propagation, such as delay times, velocities of propagation,
phase shifts, intensities and numbers of modes, direction of arrival of wave
fronts, ducting, multipath phenomena, and the actual rapidity of variations
of these quantities. ,

The method we are using for measuring the index of refractidén consists
of the transmission of two or more harmonically related crystal-controlled
continuous wave radio frequency signals from the rocket to special receiving
and recording equipment at suitable locations on the ground. These frequen-
cies of transmission are so chosen that one is sufficiently high that its
velocity of propagation is essentially unaffected by the ionosphere; that is,
in the above equation, the index of refraction remains essentially unity.
The other frequency is chosen to be slightly above the maximum eritical
frequency predicted for the regions which the rocket will penetrate., For
the latter frequency, as may be seen from the equation, 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 for trans-
mission from any point in the ioncsphere, the rate of change of phase between
the two signals as received on the ground is a function of the missile velocity
and the index of refraction for the particular frequency at that point..l*O
This allows the determination of the index of refraction for the low frequency
as a function of altitude, with a suitable choice of the higher frequency.

The phase beat frequency experiment has successfully recorded continuous
data up to an altitude of approximately 110 km and at several points above
that up to 128 km,41 Although the analysis of these data is very complex
and although only a preliminary analysis has been made, I would like to

39Fleming, op. cit., ch. IX

hoSeddon, J. C. and J. W. Siry, Upper atmosphere research report no. I, Theo-~
rstical discussion of the ionosphere experiment, Naval Research Laboratory
Report R-2955: L9, 1946,

llBurnight, T. R., J. F. Clark, and J. C. Seddon, Upper atmosphere research
report no. IV, Chap. VI, Ionosphere Research with the V-2, Naval Research

Laboratory Report R-3171, 1947.
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point out a few of the interesting results of this experiment. Figure 19
shows a series of curves of the received signal strength on the ground at
one of the receiver stations versus the altitude of the missile., A similar
set of curves was obtained at a second receiving station located about 30
miles from the first., The theoretical free-space signal strength at the re-
ceiver station should be a continuously decreasing function with altitude.
The fluctuations in the curves are primarily due to ionospheric attenuation
and the missile antenna patterns. The latter are being obtained from models,
and the curves will be corrected accordingly. There is some reason to be-
lieve at this time that the sudden drop at 65 km is due to the presence of
the D layer.

Figure 20 shows representative sections of the continuous film records
obtained at one receiving station, and illustrafes very clearly the differ-
ent types of complex beats obtained. The phase beat frequency first became
apparent at about 43 km altitude and remained at a low value up to about 84
km. This would imply that if a D layer exists in this region its effect on
the 4.274 Mc signal was small below 84 km. The phase beat frequency in-
creased rapidly at 84 km. At 111 km the beat frequency is lost owing to
loss of the L4.274 Mc signal. Intensive analysis of the phase beat frequency
data is continuing and it is hoped that a more definite report will be avail-
able in about six months.

Many experimental problems associated with the ionosphere work have
been encountered and solved, and a great deal of invaluable experience as
to a suitable instrumentation for rocket investigation has been acquired.
It was soon found that the problem of developing suitable antennas for trans-
mitting at low frequencies from the rocket was a major problem. Considerable
theoretical and laboratory researeh has been carried out to establish a fun-
damental basis for the direct measurement of the electron and ion densities
as a function of altitude. An experiment is virtually complete for inclusion
in a July flight, which involves primarily a determination of the saturation
current for electrons and positive ions.

MISCELLANEQUS

Cameras have been included in several flights and pictures obtained to
altitudes of 160 km.42 A composite of several such pictures is shown in
Figure 21, The Gulf of California and surrounding terriority are clearly
evident in the picture. Photographs of this type are very useful for meteoro-
logical cloud studies as well as for cartographic purposes.

On the night of December 17, 1946, the first night V-2 launching in this
country was made for the purpose of conducting an experiment with artificial

L2Bergstralh, T. A., Photography from the V-2 rocket at altitudes ranging up
to 160 kilometers, Naval Research Laboratory Report R-3083, 1947.




Fig. 19. Signal strength versus altitude
as recorded at one of two ionosphere ground
stations at White Sands, New Mexico, between
11:23 and 11:30 A.M. MST during the V-2
flight of 7 March 1947
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continuous film record showing beats of
harmonically related frequencies. (a) Re-
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proximately 90 km showing a well defined
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Fig. 21. A composite picture made up of three separate
photographs taken at an eltitude of 162 kilometers (101 miles).
This picture covers apprcximately 500,000 square miles of
southwestern United States and northern Mexico. The photo-
graphs do not match exactly owing to the varying camera angles,

meteorites., This experiment, conducted jointly by the Applied Physics Lab-
oratory, the California Institute of Technology, and Harvard University,
consisted of dropping out special charges, at intervals of about 20,000
feet, above 60,000 feet. The charges were to explode one or two seconds
after leaving the missile, High velocity particles should then appear as
artificial meteors and as a matter of fact in a few cases some of the par-
ticles might have enough velocity to escape the earth. This experiment was
unsuccessful because of ejection difficulties but will be repeated some-

time this fall.
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On various flights special strains of rye seeds, corn seeds and
fruit flies have been taken to altitudes of 170 km to determine whether
radiation above the atmosphere might produce mutations. The order of mag-
nitude of cosmic radiation was, of course, known and because of its low
intensity very little or no effect was anticipated. However other less
energetic radiation might exist at these altitudes which could possibly
produce an effect. Analysis made by Harvard on recovered seeds and flies
has shown that no detectable changes are produced by the radiation. These
results are not yet conclusive because in most cases the seeds were shield-
ed by metal (in order to facilitate recovery) so that only the higher energy
radiation would hawve been effective. If recovery methods are improved, con-
tainers having very thin walls will be used to study the effects of the low=-
er energy radiation. v

In general the various laboratories involved are approaching the above
problems in different ways. Numerous other experiments are being planned
for the future, of which a few might be mentioned. The Applied Physics
Laboratory and the Watson Laboratories are both planning different types
of experiments to measure the inteneity of the earth's magnetic field at
different points in space. Three very interesting experiments—one to
measure temperature, a second to take samples of the atmosphere, and a third
to measure wind direction and velocity at various altitudes are to be con-
ducted by the Signal Corps in a-July firing., The measurement of temperature
is to be accomplished by measuring the velocity of sound, generated by ex-
plosive charges detonated at various altitudes up to 60 km, between the rocket
and the ground. Samples of the atmosphere are to be obtained at various al-
titudes up to 80 km by opening and sealing sample bottles at various altitudes.
Wind velocities will be measured between the altitudes of 30 and 60 km by re-
leasing smoke from a specially installed smoke generator after the rocket has
reached approximately 30 km altitude. The smoke will then be tracked by optical
instruments on the ground.

The next several years should see very interesting developments in the
field of upper atmosphere research, now that the techniques and ground work
therefor have been laid., At the present rate of firings there is a suffi-
cient number of V-2's on hand to last for another two years. Because of
this, numerous long range experiments are planned which are more complex
than any that have been performed so far. The rocket has opened the door
to vast regions of space which at present are known to us primarily through
the astronomer's telescope. When one considers the large amount of work
that has been done by the astronomers and the greater understanding of the
universe that this work has given us, one cannet help being impressed by
the research potentialities of this new field,




CHAPTER II

THE THIRD AND FOURTH CYCLES OF V-2 FIRINGS

by
J. W, Siry

As in earlier reports of this series it is convenient to regard the
V-2 missiles fired by the Army Ordnance Repartment at White Sands as group-
ed into cycles. On this basis missiles 16 through 20 comprised what will
be referred to as the third cycle of V-2 firings; missiles 21 through 24,
the fourth cycle, Of these, the Naval Research Laboratory furnished the
upper atmosphere research equipment for missiles 16, 18 and 21 which were
fired on December 5, 1946, January 10, 1947 and March 7, 1947 respectively.,
The firing of the third cycle was accomplished during the period from
December 5, 1946 to February 20, 1947; and the fourth cycle occurred in
March and April of 1947. The important features of the flights in these
two cycles are shown in Tables I and II,

The opening of cycle III stood in striking contrast to the first
flight of the second cycle of V-2 firings, The firing of missile 16,
which took place on December 5, 1946, was attended by a rare combination
of mishaps. For the first time the rocket was successfully tracked by
means of a telescope to the peak of its trajectory and during the descent
until it disappeared behind a cloud after 330 seconds of flight, Immedi-
ately after Brennschluss it was seen to begin tumbling in end-over-end
fashion., Presumably it continued to execute this motion throughout the
remainder of the flight, This highly erratic performance precluded the
possibility of obtaining useable information from the rocket., The ob=-
served tumbling of the December 5 missile immediately raised the question
of whether earlier V-2's, which had not been followed successfully by
optical means, also tumbled after Brennschluss., A review of the experi-
mental data obtained on the earlier flights, however, showed no marked
periodicity or fading which certainly would have been present had the
rocket tumbled, )

The missile rose to an altitude of 153 km (95 mi) and traveled 211 km
(131 mi) horizontally. The impact area was locatea in the range of
mountains to the north of White Sands. No parts of the wreckage were re-
covered,

The first V-2 to be fired in 1947, the eighteenth since the start of
the program, took to the air on January 10 at 2:13 P.M,, M.S.T, While a
7° tilt program was provided for, actually, the trajectory was inclined
at an angle of about 5° to the vertical during the burning period., The
fuel was spent 60 seconds after take~off, when the missile had an altitude
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TABLE 1
SUMMARY OF THE THIRD CYCLE OF V-2 FIRINGS
December 5, 1946 through February 20, 1947

Altitude Range

Firing Date Research Agencies Km, Mi, Km, Mi, Remarks
16 Dec, 5, Naval Research 153 95 211 131 Rocket tilted at
1946 Laboratory takeoff and tumbled
throughout most of
flight.
17 Dec, 17, Applied Physics 183 114 31 19 Highest altitude
1946 Laboratory attained to date.
18 Jan, 10, Naval Research 119 74 LO 25 Research facilities
1947 Laboratory of this rocket devoted

to cosmic ray studies.
Alr burst achieved and
recovery effected,

19 Jan, 23, General Electric b7 29 26 16 Rocket spiraled
1947 Company during flight,
20 Feb, 20, Air Materiel 109 68 31 19 Adr burst achieved,
1947 Command
TABLE II

SUMMARY OF THE FOURTH CYCLE OF V-2 FIRINGS
March 7, 1947 through April 17, 1947
Altitude Range
Km

Firing Date Research Agencies Km, Mi, « Mi, Remarks
3 | Mar, 7, Naval Research 162 11 $8 36 Improved telemetering
1947 Laboratory antenna and warhead

employed, Good re-
sults obtained spectro-
scopy, photography,
and atmospheric
pressure studies,

22 Apr. 1, Applied Physics 121 75 L3 27 Successful flight,
1947 Laboratory &
23 Apr, 8, Applied Physics 103 64 31 19 Except for low
1947 Laboratory altitude, normal
flight.
24 Apr, 17, General Electric 143 89 72 4S5 Normal flight, no
1947 Company - Signal recovery attempted,

Corps
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of 32 km (20 mi). It reached the peak of its trajectory at 119 km (74 mi)
above White Sands after 189 seconds of flight. The program timerl was
preset to blow off the warhead 365 seconds after the V-2 left the ground,
but was not relied upon since the rocket followed a lower trajectory than
was expected, Instead, the signal to detonate the explosives was given by
radio} 300 seconds after take-off. The missile broke up almost immediately,
the parts falling to earth in an area whose center was approximately 25
miles north by west of the launching site.

The after part of the V-2 was the first section to be found, Tt is
shown in figure 22. The cosmic ray recording camera,2 which had been
mounted in the tail section, was recovered, The warhead was located later.
Tt had evidently landed in a horizontal position, for it was flattened by
the impact, as can be seen from an inspection of figure 23, The Daughter
ejection device was released 172 seconds after take-off, but landed 1n a
morass and was not recovered,

Missile 21 took off at 11:23 A.M., M.S.T. on March 7, 1947.
Brennschluss occurred 63 seconds after take-off, The V-2 had then attained
its maximum velocity, 1,560 mps (5,120 fps), and was tilted toward the
north with a zenith angle of 7°. The winds from the east then caused the
missile to begin turning in that direction. This motion probably continued
throughout the rest of the flight, At the peak of the trajectory, 162 km
(101 mi) above White Sands, the rocket was inclined toward the northeast
at a zenith angle of approximately 10°, The radio detonation signal was
transmitted 330 seconds after take-off; the program timer had been set to
detonate the explosive 3 seconds earlier. As on previous flights, actual
breakup of the explosion-weakened rocket structure apparently occurred
sometime after the blowoff signal was given, when the resistive forces
offered by the denser atmosphere below became sufficiently great, In this
case a complete breakup appears to have taken place 402 seconds after take-
off, The parts fell to earth over a wide area of the white sands which
give the region its name, The details of the flight are summarized sche-
matically in the trajectory which is shown in figure 2.

The equipment to be recovered was well separated from the remainder
of the rocket debris, Visibility in the white sands was unusually good,
as can be seen from figure 24. This made recovery of equipment after the
flight relatively easy.

lNaval Research Laboratory Report No. R-3030, Chapter II, Section B,
(Unclassified)
20p. cit., Chapter IV, Section D.
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Fig. 22,

V-2 engine as found after the January 10, 1947 flight

Lol

Warhead recovered from the January 10, 1947 flight
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Fig. 24. Parts of the V-2 as they were found in
White Sands region after the March 7, 1947 flight




CHAPTER IIL

INSTRUMENTATION FCR THE THIRD AND FOURTH CYCLES OF V-2 FIRINGS

by
T. A. Bergstralh and C. P. Smith

A. Installations in the Rockets of the Third Cycle

The installations in the V-2 which was fired on Decenmber 5, 1946 were
similar in general plan and arrangement to those employed in previous miss-
iles and described in earlier reports of this series.,l Three changes are
worthy of note: 1) The successful attempts at recovery by means of rocket
breakup led to the decision to discontinue the employment of ejection mech-
anisms and equipment. 2) A set of three photocells was installed. These
were designed to furnish information concerning the aspect of the missile.

3) Two K-25 aircraft cameras were mounted in the midsection between the al-
cohol and oxygen tanks to photograph the earth and .certain external installa-
tions on the missile. Previously, this function had been performed by 16

mm motion picture cameras in-
stalled in the tail ring of the
V-2, All of these innovations
continued in general use in the
later V-2 firings discussed in
this report. A typical night
installation scene appears in
figure 25,

The January 10, 1947 rocket
was unique in that it was devote
ed entirely to a single phase of
upper atmosphere research: the
study of cosmic radiation. Two
separate installations were made,
each designed to perform a com-
plete experiment, A total of
forty-nine Geiger-Mueller counter
tubes were employed in the two
telescopes, Each of these tele-
scopes was served by its own
electronic unit. A specially
constructed thin-walled nose
section was substituted for the
usual cast steel spectrograph
chamber in order to reduce the
total mass present above the
telescope. Three photocells and - o
a gyroscope were installed to Fig, 25. Installing equipment in
the V-2 fired on December 5, 1946
lUpper Atmosphere Research Reports Nos. I, II, and III, (Naval Research Lab-
oratory Reports Nos. R=2955, R-3030, and R=3120.

37




38

determine the aspect of the missile., The photocells were located at 120
degree intervals around the warhead. The telescope, the electronic units,
and the locations of the photocells are shown in figures 26 and 27. A modi-
fied Schwein gyroscope was mounted in quadrant III of the control chamber.

A cosmic ray recording camera was carried in a pressurized steel container
which was installed in the tail section on the motor support frame just aft
of the oxygen tank.

A block diagram of the missile wiring is given in figures 28 and 29,
The entire warhead weighed 1,000 kg (2,200 lbs), 373 kg (823 1lbs) of which
consisted of steel and lead counterweights added to locate the center of

gravity properly.

Fig. 26. A view of the January 10 warhead showing
the locations of a cosmic ray telescore and two of
the photoelectric cells

-




Fig. 27, Cosmic ray telescope and elec~
tronics mounted in the January 10 warhead
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B. Installations in the March 7 Rocket

The V-2 warhead designed by the Naval Research Laboratory for upper
atmosphere research in the earlier flights contained a cast steel spectro-
graph chamber, which gave rise to a number of cosmic ray showers which in
turn tended to obscure the results of the cosmic ray experiments., As a re-
sult, when the spectrograph was moved to its new location in fin II, a new
type warhead was designed and constructed to eliminate some of the cosmic
ray shower production, .

The original warhead comprised three sections, a nose tip, a nose cone,
and a main warhead body, each of which was made of 9.6 mm (0,375 in.) cast
steel., For this flight the portion of the main warhead body forward of the
lower access doors was removed and an upper base plate of 13 mm (0.5 in.)
steel installed. This gave a main body 84 cm (33 in.) long with base dia-
meters of 60.63 cm (23.84 in.) and 95.57 cm (37.625 in.). A nose cone
1.264 m (49.75 in.) long, with a base diameter of 60.63 cm (23.8L in.) was
constructed to complete the warhead. The lower 64.8 cm (25.5 in.) of this
cone was built of 2.6 mm (0.104 in.) steel, the forward section of the cone
was fabricated from 1.6 mm (0,0625 in.) aluminum.

Thus the heavy rib construction associated with the upper base of the
main warhead body and the lower base of the spectrograph chamber was elimin-
ated. The warhead wall material was reduced in thickness and in atomic number.
As a result, the probable number of cosmic ray showers produced in this por-
tion of the warhead shell was reduced by at least an order of magnitude. In
addition, the entire nose was removable from the lower section of the war-
head to facilitate the mounting and testing of the cosmic ray equipment, The
locations of the various experimental and service installations in the March
7 missile are given in figure 6, The modified warhead is shown assembled in
figure 30, the main body appears in figure 31 and the nose cone in figure 32,

el A | 7

Fig, 30, The modified V-2 warhead
used for the first time on March 7,
1947
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Fig. 31. The main body Fig. 32, The nose cone
of the modified warhead of the modified warhead
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Fig. 33. Installations in the main body of the March 7 warhead
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A wide variety of experimental equipment was installed in this warhead.
The nose cone section was utilized to mount the following items, all of which
are visible in figure 7.

- (a) Pressure measuring apparatus consisting of a bellows gauge and four
| Pirani pressure gauges in the forward tip of the nose section. These
covered the range of pressures from 103 mm Hg to 103 mm Hg.

(b) Two elements designed to measure the temperature of the aluminum
and steel sections of the nose cone.

(e) A forty-five counter cosmic ray telescope mounted on the upper base
plate of the main warhead section, The telescope, shielded by 454 kg
(1,000 1b) of lead, occupied almost all of the forward nose section.

It can be seen in figure 11l. Two 150 watt space heaters were mounted
on the lead shielding to maintain the temperature of the counters at the
proper level during testing periods and at other times prior to flight.

The main warhead body carried the following equipment, as shown in figures
33 and &,

(a) Ionosphere study equipment consisting of a double frequency trans-
mitter unit in a 6.4 mm (0.25 in.) aluminum case. This was mounted upon
two horizontal track members which spanned the warhead at the level of the
lower edges of the main access doors.

(b) A Philips gauge and a Pirani gauge, both of which measured ambient
pressure. These were located near the base of the warhead.

(c) An electronic system for the cosmic ray experiment. This unit was
circular in form, of radius ten inches, and was suspended from the upper
base plate of the main warhead body as shown in figure 11.

(d) A program timer which operated the cameras and provided for spectro-
graph film windup and missile breakup.

(e) Three vibration pickup units which measured vibration frequencies
and amplitudes along three orthogonal axes.

(f) A distribution panel which supplied power to the various installa-
tions in the warhead, and combined the outputs of these equipments be-
fore they were fed to the telemetering transmitter,

(g) A commutator which was employed in connection with the temperature,
pressure and ionosphere equipments. This unit subcommutated each of
four telemetering channels into 14 sub-channels.

- (h) Batteries, including a high voltage battery for the cosmic ray
telescope, a 3000 volt battery to operate the Philips gauge, and batteries
for primary power supply. Cne of the latter supplied -12 volts and -24

~ volts to the ionosphere transmitter, another provided the 24 volt power
to the remainder of the experimental equipment, and the third was modified
into a three section 8 volt battery for supplying filament requirements.




The instrumentation in the control chamber was as follows (cf. figure

9):

(a) The telemetering transmitter located in quadrant I, and the fila-
ment batteries for this transmitter in quadrant IV.

.(b) The ARW-17 emergency cutoff receiver installed in quadrant II.
This was the rocket-borne receiver >f the system which provided remote
control of the fuel cutoff and missile breakup circuits.

(e) 4 gyfoscope measured the rate of rocket rolls This instrument, a
modified Schwein gyroscope provided with a microtorque potentiometer,
was mounted on the gyroscope plate in quadrant III.

(d) A telemetering and test switch junction box which facilitated the
control and testing of all of the experimental installations in the
rocket, This unit was installed in quadrant I.

(e) A Willard ER-8-30 30-volt storage battery, encased in a pressurized
box, which provided power for the K~25 aircraft cameras.

Two K-25 aircraft cameras were mounted in the midsection of the missile
to photograph the earth, and to provide information as to the motion of the
rocket. The mounting of these cameras and the photographic results obtained
are more completely described in Chapter IX,

The following experimental installations were made in the tail section:

(a) A spectrograph was mounted in fin II in a manner gimilar to that
employed in the October 10 installation. A Pirani gauge was included
in the spectrograph housing to measure the pressure. The entire fin

was painted bright orange in order to facilitate the recovery of the

spectrograph.

(b) One bellows gauge and six Pirani gauges were mounted on the skin
of the rocket just forward of fins I and III. These gauges were de-
signed to measure ambient pressure.

(¢) An ionosphere antenna assembly, which comprised two L-type an-
tennas, was mounted on the fins. Each antenna extended halfway around
the rocket. The supporting stubs, of 32 mm (1.25 in.) outside diameter,
were mounted 9.5 cm (3.75 in.) forward of the stabilizing vanes and pro-
jected 15 cm (6 in.) beyond the edge of each fin.

(d) A 19 channel cosmic ray recorder was mounted in a 6 mm (0.25 in.)
steel container, which was attached to one of the rocket motor supports.
This installation appears in figure 34.

The overall rocket wiring diagram is given in figures 35 and 36. This
diagram shows all of the wiring for the experimental equipment installed in




Fig. 34. The cosmic ray record-
er mounted in the March 7 V=2
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the missile by the Naval Research Laboratory. The cabling in the midsection
of the rocket was installed at the White Sands Proving Grounds in accordance
with the requirements of this Laboratory. The weight (1073 kg, or 2365 1b)
of the completely equipped warhead, and the position of its center of gravity
(51 cm, or 20 in., from the base), were such that no counterweights were
required.

Previously, missile breakup had been accomplished by the detonation
of TNT charges attached to each of the four structural members holding the
warhead mounting ring. This arrangement was supplemented in the March 7
V-2 by a provision for separating the tail assembly. Five turns of primer
cord were attached directly to the fuselage skin so as to encircle the rocket
just aft of the point at which the tail assembly is bolted to the main frame
of the missile. Provision was made to detonate all of these explosives si-
multaneously. The effort was successful, for the rocket broke up completely
when it reached the denser atmosphere as it neared the end of its descent.
Experimental equipment and rocket parts were found scattered over a large
section of the white sands region. The items of interest were found well
separated from the other rocket debris.




CHAPTER IV
COSMIC RAY RESEARCH ABOVE THE ATMOSPHERE

Introduction

Hesearch into the nature and properties of the cosmic radiation as it
exists above the earth's atmosphere received major emphasis in the third
and fourth cycles of V-2 firings. Experiments were performed in the rockets
fired on January 10, and March 7, 1947. The results obtained during these
two flights were reported on in two letters to the Editor of The Physical
Reviewl, which are reproduced here in Sections A and B, The complex electro-
nic circuitrywhich was employed to record these results is described in the
next three sections. The basic methods developed are discussed in a paper
which is currently appearing in The Review of Scientific Instruments2 and
is given here in Section C. The partlcular applications of and modlflca-
tions to, these methods which were incorporated in the January 10 and March
7 experlments are detailed in Section D. Two of the various means for deter-
mining missile aspect are also taken up in this Section.

A. Non-primary Cosmic-Ray Electrons above the Earth's Atmosphere

by
G. J. Perlow and J. D. Shipman, Jr.

In a V-2 rocket fired to a height of 70 miles on January 10 at White
Sands, New Mexico, data were obtained on the penetration of cosmic rays
through 2 and 4 cm of lead. In addition showers below each lead slab could
be measured. The apparatus is diagrammed schematically in figure 37. Its
axis was at 45° to that of the rocket and during flight it precessed about
the latter, The rocket axis was a few degrees off vertical. The telescope
pointed through a steel "window" 2,8 mm thick. Protection against warhead
showers, found in this and each previous fllght3 was obtained by anti-
coincidence counters (marked with crosses in the flgure) The arrangement
of the equipment in the warhead was such that a considerable amount of lead
shielded most of the solid angle from below. The significance of this will
be seen presently.

While a full account of the experiment awaits more detailed analysis,
it seems desirable to report one interesting result at this time — namely,

1g. J. Perlow and J. D. Shipman, Jr., Phys. Rev, Z% 325 (1947); and S. E.
Golian and E. H. Krause, Phys, Rev. 71, 918 (1947

2B. Howland, C. A. Schroeder and J. D. Shipman, Jr., Rev. Sci. Inst.

18, No. 8 (1947).

3s. E. Golian, E. H. Krause, and G. J. Perlow, Phys. Rev. 70, 223 (1946)
and 70, 776 (1946).
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the presence above the earth's atmosphere (<1 mm Hg) of relatively large
numbers of particles absorbed in the lead. About 25 percent of the total
ionizing component was stopped in the first 2 cm and 10 percent in the
second. Of the latter group about 1 in 8 produced showers tripping at
least 3 counters under the first slab. The number of particles stopping
in 4 cm or less was about the same as the number which penetrated without
multiplication. The remainder of the radiation penetrated 4 cm and pro=-
duced showers either under 2 or A4 cm, or under both. The soft particles
(range = 4 cm) had an intensity in free space roughly 15 percent. of the
total intensity observed in the flight at the Pfotzer maximum.

It seems most reasonable to ascribe this soft radiation to electrons.
On the basis of the cascade theory these will have energies <5 x 108 ev
for the most part. An extrapolation by Mr. Siry of this laboratory of the
Lemaitre~Vallarta curves to 40° N geomagnetic latitude gives as the minimum
energy for an extra-terrestrial electron~l - 5 x 107 ev at 45° zenith an-
gle. Thus the soft electrons appear to come as re-entrant particles gener-
ated in some atwospheric layer below,

The existence of such a component was suggested to the group at this
laboratory by Professor J. A. Wheeler in a private communication some time
ago. It was pointed out that the almost isotropic angular distribution of
the decay electrons from low energy mesons would result in some vertical
intensity upwards and that these would describe helical orbits about the
magnetic field lines. It is possible that the soft particles observed are
‘to be ascribed to this hypothesis,

If the downcoming soft particles observed arise from some atmospheric
layer below, then an appreciable upward intensity must exist and it would
appear that the results of certain types of balloon experiments reported
in the literature might require some reinterpretation. A search will be
made in a future rocket for an upward intensity.

B. Further Cosmic-Ray Experiments above the Atmosphere

by
S. E. Golian and E. H. Krause

Another in the series of experiments to determine the nature and re-
action of the primary cosmic radiation above the atmosphere was performed
in a V-2 fired on March 7, 1947 from the White Sands Proving Ground, New
Mexico, to an altitude of 102 miles. A counter-tube telescope was arranged
so that the percentage of particles penetrating 2 cm, 6 cm, and 12 cm of
lead could be determined, The number of threefold showers under these same
thicknesses was also measured.

The telescope was mounted vertically in a specially designed warhead
so that it looked directly through the warhead nose as shown in figure 38.

The heavy lead shielding around the lower half of the telescope was in-
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troduced in an attempt to reduce the number of rocket showers found in pre-
vious experiments.4,5 This shielding in conjunction with the absorbing lead
plates was sufficient to eliminate most of the registered rocket showers of
primary or non-primary electronic origin., It was found that the number of
rocket showers actually doubled over that of previous unshielded experiments.
This would indicate that these showers must be of non-electronic origin. By
the use of eight anticounters 2, 4, and 5 used in groups of 2, L, 6, and 8
(quantity, not counter numbers) it was established that the policing effi-
ciency was very good.

The information obtained included the following coincidences and anti-
coincidences: [1,3,6); [1,3,6, -5); [(1,3,6, -2]; [1,3,6, -(2+4+5) 15 [1,3,6,
7+8+9]; [1,3,6,10+11+12]; [1,3,6,13+14+15]; [1,3,6,13+14415, - (2+445)1; [1, 3,
6,7,8,9, -(2+445)1; I[1,3,6,10,11,12, -(2+445)]; [1,3,6,13,14,15, -{2+445) 1,
Note: The negative sign in front of a symbol signifies anticoincidence.

The data reported here were all obtained above the atmosphere (pressure less
than 2 mm Hg). A total of 887 events were recorded of which 275 were events
not involving rocket showers. Of the 275, it was found that above the at-
mosphere 25 percent were absorbed in 6 cm of lead., Although this is some-
what less than that reported by Perlow and Shipman® it is assumed to be the
same type of non-primary electron component discussed by them. The different
percentages in the two experiments are attributed to the variation of this
component with zenith angle. A total of 59 percent of the particles penetrat-
ed 12 cm of lead. Of these, the most frequent single event penetrated with-
out producing showers under the lead plates. About half the particles pene-
trating the 12 cm produced showers in one or more of the counter trays. The
remaining 16 percent was absorbed in 12 cm. Here again the larger portion
did not produce showers under the lead. Thus, primary electrons would be
ruled out, since these would produce large showers under 2 and 4 cm. As a
matter of fact, it is difficult to understand how any of this component could
be due to primary particles, since the large energies associated with the
primaries should produce some type of reaction below 12 cm of lead unless,

of course, neutral particles are involved. Although it does not seem very
probable, it is possible that this effect could be produced by neutral par-
ticles coming up from below due to nuclear explosions produced by the pri-
maries in the lower part of the rocket.

If we assume that all of the radiation except that absorbed in 6 cm is
primary, then we find that the electron component determined on the basis of
shower production could not be more than a maximum of 14 percent of the pri-
mary; the non-electronic component absorbed in 12 cm is 18 percent of the pri-
mary, and the non-electronic component penetrating 12 cm is 68 percent of the
primary.

4G, J. Perlow and J. D. Shipman, Jr., Phys. Rev. 71, 325 (1947).

5Golian, Krause and Perlow, op. cit., p. 776.
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The ratio of the total radiation, determined by the events [l, 3, 6,
-2(2+A+5)] s, in free space to that at sea level was 11.5. The ratio of the
hard component, determined by the events (1, 3, 6, 12,14, 16, ~(2+4+5)] ,
in free space to that at sea level was 9,0,

We wish to acknowledge the very helpful discussions and suggestions of
J. A. Wheeler, N. Arley, and their associates at Princeton,

C. Electrcnics for Cosmic-Ray Experiments

oy

B. Howland, C. A. Schroeder,
and J. D. Shipman, Jr.

A method is described for detecting coincidence between the discharges
of Geiger counters. The basic circuit uses diodes as coincidence tubes.
The output from a diode circuit is the same polarity pulse as the inputs,
hence the output from one coincidence circuit can be used to generate more
complex coincidences. An example is given of a typical counter-tube ex-
periment utilizing the diode scheme. A formula is developed for the ratio
of output for total and partial coincidence in terms of the pulse width and
circuit parameters; in a practical case with a pulse width of 1 u second a
four fold to three fold output ratio of 40 is obtained. Mention is also
made of & combination diode-pentode coincidence circuit,

N

Introduction

The continuing work at this laboratory and others on cosmic-ray ex-
periments in rockets®>7 has dictated the development of new electronic cir-
cuits for use with counter telescopes. In the German V-2 rocket thus far
employed there has been no serious limitation on weight, but size and power
consumptioin are constrained. On the other hand, the impossibility of re-
peating a flight with identical apparatus demands that as much data be ob-
tained from a limited ngmber of counters as the radio telemetering system is
capable of transmitting®. It is therefore necessary for a given counter to
figure in many coineidence circuits, in some of which it operates in paral-
lel with other counters and in other circuits singly. A counter may also be
required to cause anti-coincidence.

6Ibid., P. 223.
"Tbid., p. 776

8y, L. Heeren, C. H. Hoeppner, J. R. Kauke, S. W. Lichtman, and P. R.
Shifflett, Electronics 20, No, 3, 100 (1947) and 20, No. 4, 124 (1947).
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The scheme to be described performs these functions reliably and with
a minimum of current drain. This has been done by the use of diodes as
coincidence tubes.

Diode coincidence circuit

The basic diode coincidence circuit is shown in figure 39 (a) and (b).
In circuit (a), positive pulses from several signal sources are applied to
the cathodes of diodes D1, D2, ... Dn. The plates are connected to a posi-
tive supply +E volts by a resistor, Rl, which is large compared to either
a cathode resistor, R, or the resistance of a diode. The small current, I,
through Rl will divide evenly among the n diodes. When the cathodes of
several of the diodes are driven positive, the remaining diodes will carry
the current I, which remains substantially constant, and the rise in plate
voltage will be very small, When, however, all the cathodes are driven
coincidently positive, the plates will rise in potential and a sizable out~
put will be obtained. Figure 39 (b) is the corresponding circuit for nega-
tive pulses. Here the cathodes are connected together and grounded through
a large resistor while the plates are connected to a positive supply by
small resistors, ' ‘

The diocde circuit may be used to generate anticeincidences in a mannsr
similar to that used by Herzog with the Rossi pentcde coincidence circuith 10
In figure 4O, positive coincidence pulses are applied to the cathodes of
diodes D1, Dy, and D3. It is desired to prevent an output pulse at the di-
ode plates whenever a given anticoincidence counter tube discharges. This

is done by generating a negative pulse from the discharge of the counter and
applying it to the cathode of Dj. This cathode is biased and is effectively
out of the circuit unless an anticcincidence pulse occurs. In such a case
D, conducts, the plates are held negative, and no positive output will be
obtaired. If the output circuits should be sensitive to negative pulses, it
is necessary to prevent the plates from going negative. This is accomplished
by means of a clipping tube D5,

It will be noticed that the output pulse from a diode coincidence cir-
cuit has the same polarity as an input. Thus the output from one coincidence
circuit may be used to generate another more complex coincidence as. shown in
figure 41. Here we desire to obtain knowledge of two events; the first a
coincidence 1, 2, 3, 4, and second a fivefold event 1, 2, 3, 4, 5. The former
isfirst generated and the output is combined with five to form the latter, by
use of two additional diodes.

It is sometimes desired to parallel the signals from several counters so
that they will operate as a group in one coincidence while operating separately

IRossi, Nature 125, 636 (1930).

103, Herzog, Rev. Sci. Inst. 11, 84 (1940).
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elsewhere. This can be done with the simple diode circuit of figure 42. A
positive pulse from either of signal sources 1,2, or 3 will give a positive
output at the cathode. If the cathode resistor is several times the resist-
ance of a signal source or a diode, the output signal, which we may write

‘as (1+243), will be nearly as large as the output from any one signal source;
however, the cathode resistor should still be small compared to the plate cir-
cuit resistor, Ry, in a coincidence cireuit.

Design of diode coincidence circuits

It is instructive to calculate the output pulse amplitude from a diode
coincidence circuit when a partial coincidence occurs. In the circuit of
figure 39 (a) consider the worst case, a partial coincidence in which the
cathodes of all the diodes except D] are driven V volts positive. The current,
I, which previously divided among the n diodes will now flow through Dj pro-
ducing a small output pulse V', approximately equal to I(RgtRa) (n-1)/n, where
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Rg is the d,c. resistance of a diode, and R¢ is the combined impedance of the
cathode resistor and the driving circuit measured from cathede to ground.

When a true coincidence occurs and all the cathodes are driven positive,
V' will be very nearly equal to V, provided that the input pulse width is suf-
ficient to permit the plate voltage to rise to this value. The ratio, p, of
true coincidence pulse amplitude to largest false coincidence pulse amplitude,

which may be considered a figure of merit for the circuit, will be:
Case 1, Vi=V

= v — v Rl ) n
I(Re+Ry)(n-1)/n E(Rc+Rd n-1 °

Thus, for greatest p the plate resistor R] should be made large compared
to (ResRd). As Rl is increased, however, the speed of response of the plate
circuit is decreased because of the shunting effect of stray capacitance, Cs,
and a point will be reached where this rather than V determines the output
pulse size, V', In this case V' will be equal, approximately, to the product
of the rate of rise of the plate voltage,l/Cs, and the input pulse width T.
The ratio p will then be given by:

Case 2, Vu(I/CT =SV ‘

(1/Cs)T _ r n ;
I(Rc+ Rd)(n - l)/l’l B (Rc+ Rd)Cs ( n-1 ) )

This is only accurate if Cg(Re4+Rq) <= T~= CgRy,

The pulse width will in general be determined by the coincidence re-
solving time desired; and the stray capacitance, Cs, will depend upon the num-
ber of elements in the coincidence. In a practical case n=l, Rc=6809,RD =
30082, Cs=35unuf, and withTel gsec.,p~40. If a p of 10 were considered satis-
factory, the pulse width could be decreased to 0,25 microsecond.

These calculations were made for a single n~-fold coincidence circuit. In
practice it is often desired to generate several coincidences using the same
signal sources, in which case the partial coincidence pulses will tend to add
together. This is seen if we consider, in the circuit of figure 41, the par-
tial coincidence 2,3,4,5. The two d.c. currents through Rl and R]' will be
switched through D] and R, producing a voltage of 2I(Rc+Rp) on the 1,2,3,4
output and 2I(Re+RpMHIRp on the 1,2,3,4,5 output. In complex coincidence cir-
cuits with many different outputs, the partial coincidence pulses are impor-
tant, and to minimize them it is necessary to use low resistance diodes and
to feed the circuits from low resistance signal sources.
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Input and output circuits

For experiments with Geiger counters, some form of input circuit is
usually required to supply a low impedance signal to the diode coincidence
circvit. GCathode followers have the desired input and output impedances and
have been chosen for this purpose. In figure 43 is shown an input circuit
used in recent experiments at this laboratory using argon-alcohol counters.
It consists of an input cathode follower, an amplifier, a differentiating
circuit, and an output cathode follower. The counter input cable is a type
RG-59/U concentric cable shielded with an additional copper braid. This
outer shield is grounded and the inner shield is connected to the cathode of
the input cathode follower, thus minimizing by feedback the grid-circuit
capacitance. This is important as a Geiger counter is a constant charge de-
vice, and the discharge pulse voltage is very much dependent on the shunt
capacitance., The signal is amplified and differemtiated to give a pulse of
approximately 5-microseconds duration. The second cathode follower supplies
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at low resistance a 15-volt pogitive pulse output to the diode coincidence
circuit,

Figure 44 shows the corresponding anticoincidence input circuit which
differs from the circuit of figure 43 only in the third triode stage, This
circuit supplies a large negative pulse, 10 microseconds wide, to the coin-
cidence circuit,

The coincidences are formed with 6AL5 miniature double diodes by proper
interconnection of signals from the input circuits. (Crystal diodes could
perhaps be used and would have advantages of low stray capacitance,) A typi-
cal experiment illustrating the method is shown in figure A5.1l Here the
signals from eight groups of counters are combined to form four coincidences
and anticoincidences in the following way: First the signals 1,2, and 3 are
combined to form the coincidence 1,2,3. This signal is then combined with
the anticoincidence signals 4 and 5 to form the anticoincidence 1,2,3,-(4 +5).
This signal is then combined with 6,7, and 8 to form the eightfold antico-
incidence 1,2,3,6,7,8-(4 +5). The signals 6,7, and 8 are paralleled by di-
odes D1y, D15, and Dy3, and the signal (6+7+8) is then combined with
l,2,3,-%h1-%§ to form 1,2,3,(6+7+8)-(4+5). The diode Dyg prevents a nega-
tive cutput on the anticoincidence channels which might otherwise trigger the
output circuits.

The output from the coincidence circuit is fed to a trigger tube and
multivibrator. The cathode of the trigger tube is biased positively so that
an 8~volt input pulse is required to trigger the multivibrator. Thus it is
insured that the partial coincidence pulses, which are never larger than two
volts, will not produce an output. The multivibrators are adjusted to give
an output pulse of width suitable for transmission by the telemetering system,
y %680 ';3 12,3

€80 K

L2,3,-(4 45}
G.1.C
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INPUT CIRCUIT

S ade s

2
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5 '*’%

—
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Fig. 45. Diode coincidence circuit for counter telescope experiment

For a complete description of this experiment, see Phys. Rev., 70, p. 776
(1946). |
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Diode-pentode coincidence circuit

A combination diode and Rossi pentode coincidence circuit is shown in
figure 46. Here it is desired to generate several related coincidences:
1,2,3;1,2,3,4,5, and 1,2,3 4,5-6. The first coincidencel,2,3, is formed
using pentodes Py, Pp,and P, in a conventional Rossi circuit. This signal
is coupled through diode Dj go the plates of pentodes P, and Pz, from which
point is taken the second output 1,2,3,4,5. The polarity of the dicde is
such that no positive output can occur at the plates of P and P5 unless the
coincidence 1,2,3 occurs simultaneously with 4,5. The circuit is further
extended to form the anticoincidence 1,2,3,4,5-6 by use of diocde D2 and
pentode P4. d

It should be noted that when a partial ceincidence of the type 2,3,k4,5
occurs, the currents through all the plate load resistors will flow through

pentode P1. Pentodes with low internal resistances should, therefore, be
used to insure small partial coincidence outputs. '

+ + ‘ +

1,2,3,45 . 1,2,345-6

1L
1A
14
AY
1é
bl AN
4
1T

Fig. 4L6. Diode-pentode coincidence circuit
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D. Electronic and Auxiliary Instrumentation for Specific
Cosmic Ray Experiments

by

B. Howland, C. A. Schroeder,
and J. D. Shipman, Jr.

1l. The January 10 Experiment

Two distinct experiments, each employing counter telescopes, were per-
formed on January 10, Each of these telescopes was equipped with a complete
electronic system. The basic circuits employed were described in the pre-
ceding section, The particular combinations of these which comprised the
systems used on January 10 are given in the accompanying schematic diagrams,
figures 47 and 48, The telescope and the electronic systems are seen in
figures 26 and 27, as they appeared when mounted in the warhead.

Counter telescope A consisted of eight groups of Geiger counters. Five
types of coincidence and anticoincidence were registered, as follows: 1,2,3;
132,3"(1&"'5); 1,2:3,(6"'7"’8)“(5*'5)3 1’223:(6"'7"‘8)5 and 1,2,3,6,7,8. The puls-
es generated in the counters were amplified and shaped in the input circuits,
and combined in a diode circuit of the type described in the previous section.
Telescope B was somewhat more complex, containing an additional bank of three
groups of counters. The electronic system was similar to that of the first
telescope. In both cases the output multivibrators were adjusted to feed a
20 millisecond pulse to the telemetering system. This insured that each
pulse was sampled at least three times. These wide pulses have the advan-
tage of being distinguishable from noise pulses, but have the disadvantage
of masking a proportionally greater number of events, since counter discharges
are not registered if they occur during or shortly after the period of the
output pulse. In all, twelve channels of the telemetering system were used to
transmit cosmic ray information.

The greater part of this data was also recorded by a neon lamp camera
recorder.l2 This recorder was housed in a pressurized steel container which
was mounted in the tail section of the rocket. The unit was recovered intact,
as shown in figure 49. A section of the recovered film is reproduced in fig-
ure 50, The time signal was recorded in the fourth channel (reading from the
top). It was generated by a multivibrator having an accuracy of approximate-
ly 2 percent. This circuit is shown in figure 51.

The determination of the aspect of the rocket was accomplished in two

12Naval Research Laboratory Report No. R-3030, Chapter IV, Section D.
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ways, A Schwein control gyroscope was modified by the addition of a potenti-
ometer pick-off on the vertical axis, This arrangement generated a voltage
which was a known function of the angle through which the rocket had rolled.
This voltage was telemetered to earth.

Angular aspect with respect to the sun was determined by means of three
photoelectric cells mounted at 120° intervals around the warhead. The loca-
tions of these may be seen in figures 26 and 27. The three outputs were
each identified by a simple coding system. One of the anodes was connected
to a positive voltage, the other two to the plates of an unbalanced multi-
vibrator. The three signals were combined in a common cathode resistor and
fed to the telemetering system. Figure 52 shows a typical section of the
record. Cosmic ray pulses and the indications furnished by the gyroscope
cells may be clearly seen,

The rate of rocket roll was unusually high on January 10, being approxi
mately one revolution per second. Advantage was taken of this circumstance,
and the fact that the instrumentation furnished accurate information as to
aspect of the missile, to extract valuable information from the records con-
cerning the variation of the cosmic radiation with azimuth,

2.  The March 7 Experiment

The cosmic ray experiment performed on March 7 made usé of a 45 counter
telescope whose principal axis coincided with that of the rocket., This appa-
ratus occupied the forward section of the warhead (cf. Chapter III, Section B).
The new warhead design imposed severe space limitations upon the equipment in
the remaining portion of the warhead. The elaborate telescope required a cor-
respondingly complex electronic system. As a result of these two considera-
tions, for the first time, a circular chassis was employed. It is shown in
figures 53 and 54. It was mounted on the under side of the base plate which
supported the counter telescope system. The telescope and the associated e-
lectronics thus virtually formed a single unit when mounted in the V-2, This
can be seen in figure 1ll. This compact arrangement allowed the use of short
input cables. :

Fifteen groups of counters comprised the telescope. The following eleven
types of coincidence and anticoincidence events were of primary interest (ef.
Section B): A: 1,3,6; B: 1,3,6-5; C: 1,3,6=2; D: 1,3,6,-(244+5); E: 1,3,6(7+849);
F: 1,3,6(10+11+12); G: 1,3,6,(13+lh+153-(2+h*5); Hy: 1,3,6,7,8,9,~(2+445); H2:
1,3,6,10,11,12-(2+4+5); H3: 1,3,6,13,14,15,~(2+445); I: 1,3,6,(13+14415).

It is pointed out in Section C that some crosstalk is inherent in a diode
coincidence circuit. The level of the crosstalk is proportional to the number
of inputs firing during a partial coincidence. Inputs 1,3 and 6 appear in all
telemetered events in this experiment, making it possible, under certain con-
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ditions, for the crosstalk to become excessive. Therefore, two diode feed-
ing cathode followers were employed following the amplifiers of inputs 1,3
and 6. Six of the telemetered events were developed using 13,3 and 65, and
and five using lp, 3;, and ép. With this arrangement the highest diode cross-
talk voltage possible was approximately 25 percent of that necessary to ac-
tuate the output multivibrators. Since only nine telemetering channels were
available three of the events, Hj, Hp, and Hy, were multiplexed on a single
channel. This was accomplished by adding the outputs of the three output
multivibrators in a common resistor. A coding device was again resorted to:
the time constants of the multivibrators were adjusted to give pulses having
distinctly different lengths. The output pulse lengths chosen were 20, 40
and 80 milliseconds, respectively. The use of pulses of this length should
be confined to channels in which the counting rates are appropriately low.

A schematic diagram of the entire cosmic ray electronic system is given
in figures 55, 56 and 57. An illustrative section of the telemetering re-
cord is reproduced in figure 58, The different pulse lengths may be clearly
seen, '

All of the information which was telemetered was also recorded on a 20
channel, neon-lamp, camera recorder. This instrument was similar to the one
employed on January 10. A facsimile of the camera record of the events shown
in figure 58 is given in figure 59, Here, again, the three distinctive pulse
lengths employed in the multiplex channel are clearly visible, The events
represented in channel three occupy different relative positions in the two
records. This results from the physical arrangement of the neon lamps in the
camera recorder.

For the first time, the data were read primarily from the record fur-
nished by the camera. Previously the telemetering film was used as the prin-
cipal working record in the tabulation of the various numbers and types of
events.
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Fig. 49. The cosmic ray recorder as
recovered after the Januvary 10 flight

Fig., 50. A section of the film recovered
from the cosmic ray recorder on January 1.0
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Fig. 53. The March 7, 1947 cosmic ray electronic system

Fig, 54. DBottom view of the cosmic ray electronic system
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Fig, 58. A section of the tele-
metering record of the March 7,
1947 flight

Fig. 59. The camera record of
the events represented in Fig, 58




CHAPTER V
SPECTROSCOPY AT VERY HIGH ALTITUDES

Introduction

The analysis of the spectra obtained on October 10 has been continued,
A study of the vertical distribution of ozone in the atmosphere, part of
which was reported upon previously,l was carried out, and the significant re-
sults achieved up to the present time are given in Section A.

Solar spectrograms in the region below 3400 A were obtained to an al-
titude of 162 km (10l mi) during the V-2 flight of March 7. Sixty-six short
exposures were made at various altitudes from 1 to 120 km (0.6 to 75 mi), and
a single long exposure was made covering the range from 125 km (78 mi) to the
top of the trajectory (162 km or 101 mi) and back to 140 km (87 mi). One
spectrum was obtained at 75 km (47 mi) whose resolution was at least twice as
high as that of the best of the October 10 spectra. The improvement resulted
from the use of cylindrical mirrors which reduced astigmatism greatly, and
thereby reduced smearing due to rocket roll., These results, together with
those obtained on October 10, are being used as a basis for identifying the
Fraunhofer lines in this portion of the spectrum of the sun. The preliminary
results of this investigation were reported in a letter to the Editor of The
Physical Review.2 That letter is reproduced in Section B,

When the V-2 program was initiated, it was not known whether items such
as spectrographic film could be recovered successfully, A photoelectric spec-
trometer was therefore designed and constructed so that spectroscopic studies
could be carried out in the event that recovery efforts failed. The success
which attended the recovery of film obviated the necessity for the use of this
instrument. However, as it may have other research applications, it is de=-
scribed here in Section C.

Iyaval Research Laboratory Report No. R-3030, Chapter IV, Section A, and
Naval Research Laboratory Report No. R-3120, Chapter II, Section A,

2E. Durand, J. J. Oberly, and R. Tousey, Phys. Rev. 71, 827 (1947).
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A. The Vertical Distribution of Ozone in the Atmosphere

by

E. Durand, F. S. Johnson,3 J. J. Oberly
J. D, Purcell,3 and R. Tousey3

The solar ultraviolet spectrum was obtained to an altitude of 88 km
(55 mi) during the V-2 flight of October 10.4 The spectrograms obtained
were analyzed to determine the vertical distribution of ozone in the atmos-
phere above White Sands on that date. Provisional results of this study
are presented here.

The quantity of ozone present between any two particular levels in the
atmosphere was derived from a comparison of the spectra obtained at those
heights. Exposures made at seventeen different altitudes, ranging from 8
to 67 km (5 to 42 mi), were employed in the analysis. The actual determina-
tions of the quantities of ozone were made by means of photographic photome-
try. The values obtained are displayed in figure 60,

Two peaks in ozone concentration were found, at 17 km (11 mi) and 25 km
(16 mi) altitude, respectively. Above 30 km (19 mi) the measured concentra-
tion decreased sharply, vanishing, within the experimental error, at 50 km
(31 mi). From 50 km to 62 km (39 mi) there was no evidence of ozone, The
upper limit to the quantity which might pass undetected appeared to be 0.0005
cm/km,” Between 62 and 67 km (42 mi) altitude, the highest region included in
this study, there apparently existed a trace of ozone, the measured concentra-
tion being 0.0002 cm/km. This reading was probably the result of an experiment-
al error. These spectra will be critically reexamined,

The total gquantity of ozone in the atmosphere is given by the area un-
der the curve of figure 60. Graphical integration gave a value of 2.7 mm,
This is considerably above the 1.9 mm mean value for the same season found
over California.® However, it is in good agreement with values of 2.5 and
2.7 mm measured the day before and the day after the flight, respectively,
at the Observatory of the Smithsonian Institution on Table Mountain, Cali-

3Members of the Optics Division of the Naval Research Laboratory. These
experiments are being carried out jointly by the Micron Waves Section, R.
Tousey, Head, of the Optics Division, E. O. Hulburt, Superintendent; and
the Rocket-Sonde Research Section, E. H. Krause, Head, of Radio Division I,
J. M. Miller, Superintendent.

hNaval Research Laboratory Report R-3030, Chapter IV, Section A.

51 cm/km=0.136 grains of 03 per liter. This is equivalent to the pressure
3 ’
in cm Hg, which is exerted by the 03 contained in a vertical columm 1 km tall,

6F. W. Gotz, Vierteljahrsschrift der Naturforschenden Gesellschaft in Zurich,
pp- 250"26[}, 1914140
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fornia.” The double-peaked distri-
bution found in the rocket measure-
ments is a most unusual one, It
has been observed previously, how-

ever, by G3tz/8in his study of the 60
Umkehr Effekt. In that case, 8150, - VERTICAL OZQNE DISTRIBUTION
the total ozone content of the at-~ § WHITE SANDS, N.M., OCT. (0, 946
mosphere was abnormally high, being TOTAL 05,2.7/MM S.T.F
3.4 nm, ?340 %\‘
5

The concentration decreased < e
somewhat more rapidly between 30 and 20 y '
4O km (19 and 25 mi) altitude than in ‘ Y O,
the instance reported by GStz, How- AT'LJ“*Jr =
ever, this aspect of the White Sands
data was in good agreement with the 0
theory of Wulf and Deming.8 The fact ool cmo,?ﬁ: 003
that the concentrations above 50 km
(31 mi) altitude were below the de- Fig. 60. Vertical ozone distribution

tectable limit, 0.0005 cm/km, also
agrees with the theoretical calculations of Wulf and Deming, which predict
values of less than 0,00005 cm/km for this region,

The shaded areas in figure 60 provide a rough indication of the magni-
tudes of the possible errors associated with the measurements. The experi-
mental error was much smaller at the higher altitudes than at the intermediate
levels, This was due to the fact that it was possible to make use of the
shorter wavelength radiation which is absorbed much more rapidly by the ozone,

Efforts to inecrease the accuracy of these results will take two forms.
Experiments are to be conducted when the sun has a large zenith angle, i.e.,
when it is in the vicinity of the horizon., This will provide a long light
path through the absorbing layers, which should mske it possible to detect very
small amounts of ozone and, perhaps, of some of the other atmospheric con-
stituents, such as the oxides of nitrogen. In addition, certain improve-
ments have been made in the microdensitometer which will make possible the
measurement of considerably higher values of density. This will increase
the accuracy of the data obtained from the comparison of spectrograms. Plans
for the future also include the remeasurement of the entire series of spectra
obtained on October 10, and the corresponding recalculation of the distribu-
tion of atmospheric ozone,

7Private communication from Mr, L. B, Aldriche.

78G5z, Opa Cit,

80. R. Wulf and L. S. Deming, Terr. Mag. 41, 299 (1936),
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B. Solar Absorption Lines between 2950 and 2200 Angstroms
by
E. Durand, J. J. Oberly, and R. Tousey

Solar spectrograms were taken by the Naval Research Laboratory on the
V-2 rocket flights of October 10, 19469 and March 7, 1947. The spectra ob-
tained at 55 km and 75 km on the respective dates have been studied to iden-
tify the Fraunhofer absorption lines in the region between 3000 and 2200 A.
Some 300 observable absorption features were compared to a master finding
list of 1100 of the principal classified lines of the arc and spark spectra
of elements 1 to 30. The heavier elements will be added as time permits,
The finding list was prepared in collaboration with Dr. Charlotte Moore-
Sitterly, who generously made available the unpublished multiplet lists
which are being compiled as an extension of the Revised Multiplet TablelQ
to cover the rocket ultraviolet region. Entries included laboratory inten-
sities, assigned multiplet numbers, and, in many cases her solar intensity
predictions, , : »

At the available resolution of about 1A, nearly every observed line is
a blend; as many as 10 possible contributors to a single line have been
found. Likely contributors have been assigned to nearly every observed fes-
ture, and work is under way to estimate their relative importance.

As in the previously known region, Fe I and Fe 1I are dominant and
clearly contribute to a majority of the lines. In figure 61, the matching
of many of the solar lines (indicated by dots) to the Fe arc spectrum is
apparent. In the region just below 2750, 2630,2550 and 2490 A there is a
piling up of inténse iron lines. This causes the whole level of the solar
radiation to fall off sharply as shown in figure 61, In addition, many strong
single Fe lines are found throughout the spectrum.

The great Mg II lines at 2803 and 2796 A are of particular interest. They
appear as two bright emission lines in the center of a great absorption band
running from 2775 to 2825 A,

Dr. Menzel of the Harvard Observatory offered the above explanation of
the observed spectra and suggested the following explanation: A strong e-
ruption of hydrogen occurred about 1 hour before the rocket flight, and the
Mg emission may have originated in the prominence. However, similar emission
lines, unresolved, may be inferred from the October 10 spectra, at which time
no important prominences are known to have occurred.

%. A, Baum, F. S. Johnson, J. J. Oberly, C. C. Rockwood, C. V. Strain, and
R. Tousey, Phys. Rev. 70, 781 (1946).

10Charlotte E., Moore, "A revised multiplet table of astrophysical interest,"
Princeton Observatory. .
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Fig. 61. Solar ultraviolet spectrum
compared with iron arc spectrum

Twelve lines of Si I of great intensity were found. The one at 2882
and the group between 2507 and 2529 A showed strong wings. The existence of
wings on the group between 2208 and 2219 A could not be proved. A strong
line of C I was found at 2478 4.

In addition to the above elements one or more lines have been assigned
as follows: definite, V I, V II, Cr II, Mn II, Co I, and Al II; probable,
Na I,Ni I, Ni II, Or I, Co II, Be I, and Al I; possible, P I, and Cu I.

More definite asignmert will be made taking into account multiplet intensity
and the relative abundances of the elements,

There appear to be regions of general absorption between 2886 and 2893
A and between 2442 and 2472 A, The finding list contains few lines in these
regions; the absorption may, therefore, be molecular.

A complete report of the analysis will be published later,
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C. The Photoelectric Spectrometer
by
M. L. Greenough, J. J. Oberly, and C., C. Rockwood

At the outset of the Upper Atmosphere Research Program it was not
known whether the recovery of exposed photographic film would be possible,
An effort was made therefore, to develop a spectrometer which would record
spectral intensities in selected wavelength regions in such a manner that
these values could be telemetered during flight. An instrument of this
type was actually built and was nearly ready for installation when a series
of successful recoveries, which began with the recovery of the complete
afterbody of the July 30 rocket, eliminated the original necessity for the
project. Since that time the use of photographic spectrographs has occupi-
ed the central position in the program of experimental spectroscopy. The
tests of the photoelectric spectrometer were therefore not completed, and
it is not likely that it will ever be installed in a rocket. However, since
its design features, including particularly the logarithmic multiplier photo-
tube circuit, may have laboratory applications, its plan, construction and
mode of operation are presented here,

Two alternative methods of accomplishing the desired results were con-
sidered. A scanning mechanism might be employed to cover all wavelengths,
or a continuous record of two selected wavelength regions could be made.

The latter course was chosen. The first region was centered at 2900 A, near
the edge of the great Hartley absorption band of ozone. A continuous record
of intensities in this zone would furnish the information from which the
vertical distribution of ozone in the atmosphere could be deduced. The sec-
ond wavelength selected for study was 1216A, the Lyman O line in the emiss-
ion spectrum of hydrogen. In addition, for contrel purposes, a continuous
record of the undispersed light reflected by the grating at zero order is
obtained. This provides a means for correcting for loss of light when the’
sun is off the optical axis.

Figure 62 is a photograph of the instrument, with the covers removed.
The optical and mechanical arrangements are shown schematically in figure
63. Radiation enters the instrument through a 2 mm spherical lithium fluo-
ride bead, which is identical with those used in the photographic spectro-
graphs now employed in the rocket studies It A small image of the sun, 0,012
mm (0.0005 in,) in diameter, is formed behind the bead. This image serves in
place of the more conventional entrance slit, From the bead, the radiation
travels through a set of optical baffles to a concave grating similar to the
one mounted in the photographic spectrograph.l2 It is made of aluminized

llNaval Research Laboratory Report No. R-2955, Chapter III, Section H.

1210c. Cit,
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glass, has a 40 cm (15.75 in.) radius of curvature, and is ruled with 15,000
lines per inch, After it leaves the grating, the light is dispersed, and
comes to a focus on the Rowland circle, where three slits are mounted. These
slits select the desired wavelengths, and allow the radiation to pass through
three windows into a pressurized chamber. The chamber contains two multiplier
phototubes and a photoelectric cell, each of a type appropriate to the radia=~
tion it is to receive,

The first slit transmits the central or zero order image. The radiation
passes through a quartz window into the pressurized chamber, where it is re-
flected by a small mirror to the sensitized surface of a type 929 phototube,
The window behind the second slit is covered with a fluorescent coating of
type P5 blue phosphor, This coating converts any radiation of wavelength near
1216 A to radiation of a longer wavelength. The latter is capable of pene-
trating the air in the chamber and actuating the type 931-A multiplier photo-
tube. The window behind the third slit, which admits the 2900 A band, is also
of quartz, Radiation transmitted by this slit is incident upon the type 1P28
multiplier phototube. This slit, which is adjustable, is set so as to trans-
mit a 200 A band, centered near 2900 A. The solar intensity at the earth's
surface falls off very rapidly between 3000 and 2950 A, due to the ozone ab-
sorption. Therefore, a small displacement of the long wavelength edge of this
slit results in a large change in the amount of energy transmitted. Advantage
is taken of this effect to adjust the phototube current obtained from the so-
lar radiation at sea-level to a value slightly in excess of the normal dark
current. Calculations, based on the assumption that the sun acts as a black
body at 6,000° C in the region below 2900 A, predict that the total energy
transmitted by the slit should increase by a factor of 103 passing entirely
through the ozone layer. The multiplier phototube circuit is designed to
cover this range of intensities logarithmically. The circuit details are
given below,

The use of a lithium fluoride bead in place of a conventional entrance
slit created one new problem which seriously complicated the task of arrang-
ing the exit slits. As was pointed out above, the effective entrance slit
for the system is the small image of the sun formed behind the bead. After

Fig. 62. The photoelectric spectrometer
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Brennschluss the rocket's tendency to roll, pitch, etc. is unchecked, Such
motions cause changes in the angle which the entering solar radiation makes
with the optical axis through the bead., The corresponding changes in the
position of the image result in displacements of the spectral lines. These
displacements may each be resolved into three mutually perpendicular com-
ponents, two lying in, and one normal, to the plane of the slits. The lat-
ter translation is not serious since it produces only a slight defocusing
at the slits. The effect of the component perpendicular to the dispersion
in the plane of the slits is also unimportant, since the exit slits are made
long enough to allow for the greatest possible displacement in this direc=-
tion. The effect of the component in the direction of the dispersion is to
change the wavelength bands transmitted by the slits., Thus, a fixed slit
system would be virtually useless, The usual changes in the direction of
the rocket axis due to roll, etc. will displace the 1216 A line, and the
central image by an amount sufficient to carry them out of the acceptance
ireas of the corresponding slits, To circumvent this difficulty the two
glits are therefore mounted on a carriage, which is mechanically driven
back and forth over a range which is slightly greater than the maximum pos-
sible displacement of the images. Hence, corresponding to any given posi-
tion of the sun which is within the acceptance angle of the lithium fluoride
bead, there will be two moments during each scanning cycle when both the
central image and the 1216 A line will fall on their respective slits, The
scanning cycle is coded by using different speeds for the forward and the
backward traverses. The start of each cycle is marked on the telemetering
record, so that, by measuring the time interval between the start and the
momentary appearance of the central image signal on the record, the amount
of spectral displacement can be calculated, Knowledge of the scanning mo-
tion then allows precise determination of the wavelengths entering the two
slits. The slit assembly and the scanning mechanism are shown in figure 64,

The zero order slit consists of a clear region 0.l mm wide flanked on
either side by 1.5 mm regions which transmit half of the energy incident upon
them. Thus, a continuous record of the central image intensity may be ob-
tained without interfering with the wavelength determination measurements,
-The semi-transparent zones also allow the study of higher intensities, since

Fig. 6L. The slit assembly showing the scanning mechanism
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the limiting factor is the point at which the amplifier saturates., In order
to meet rigid mounting requirements, the lithium fluoride bead was placed be-
low the Rowland circle, and the slits above this circle. Consequently, the
astigmatic images formed by the grating are not normal to the Rowland circle.
The slits are made parallel to the images, as shown in detailing "A" of fig-
ure 63. During flight air is evacuated from the optical paths inside the
instrument through a vent which leads from the body of the instrument to the
exterior of the rocket. The vent is equipped with light baftles which appear
in the drawing at the top of figure 63. A small test lamp is mounted inside
the instrument so as to be able to illuminate all three phototubes simultane-
ously. This lamp, shown in figure 63, can be used as a secondary standard to
check the operation of the phototubes and the electronics.

The instrument is designed to be mounted in the rocket so that the lines
ruled on the grating are normal to the axis of the rocket. With this arrange-
ment., the motion of the solar image which occurs when the rocket rolls is,
primarily, parallel to the slits. This orientation was chosen because it was
believed that roll was more probable than pitch or yaw, and because image mo-
tion parallel to the slits introduces the fewest dirticulties., The optical

Fig. 65. The spec-
trometer electronics

6M(S

Fig. 66. The spectrometer electronics, bottom view
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axis through the bead was to make an angle of 55° with the principal axis of
the rocket. Areasonsbly high intensity is obtained with this view during the
stabilized portion of the flight.

The electronic equipment in the spectrometer proper consists of three
phototubes which are shown on the right of figure 65, and on the left of fig-
ure 66. The other items are mounted on a small chassis which may be located
at a distance from the main instrument. It is shown in figures 65 and 66.
The heaters are operated from a 6 volt storage battery. All other voltages
are obtained from the dynamotor,which is powered by the main 24 volt supply.
The dynamotor output is regulated by means of an OA2 tube., The high voltage
needed for the multipliers is had by rectitying the pulses appearing across
an inductance in the plate circuit of one tube of the 2,000 cycle multivibra-
tor, shown in tigure 67. This supply will deliver 1,250 volts at about 0.5
milliamperes. :

The circuit which was designed to obtain a logarithmic output from the
phototubes is also shown in figure 67. This type of response is obtained by
varying the d-c voltage applied to the phototube in such a way as to maintain
its output current at an approximately constant value. 4 fraction of this d-c
voltage is then applied to the telemetering channel to give the required log-
arithmic measure of the incident intensity. The details of operation are as
follows. The 6AK5 regulator tube acts as a variable efficiency peak rectifier.
In the absence of radiation, the multiplier phototube output is small, the
6AK5 control grid voltage is accordingly positive and the rectification effie-
ciency of the 6AK5 is high. As the radiation intensity is increased the volte
age at the control grid of the 6AK5 decreases, and the rectification efficiency
drops, reducing the d-c voltage across the phototube, Thius the circuit stabile
izes, with the phototube anode current mainteined approximately constant, 4
characteristic curve of the output voltage plotted as a function of the in-
tensity of the radiation incident upon the phototube is given in figure 68,

The resistance connected to the plate of the 6AK5 regulator tube, and
the capacity in parallel with the phototube voltage divider, form a filter
which eliminates the 2,000 cycle ripple voltage. However, the time constant
is kept small enough to allow a sufficiently rapid response to the antiecipat-
ed changes in, and rates of change of, the radiation intensity.

It is believed that the instrument described here is capable, when in-
stalled in a V-2 rocket, of obtaining a useful record of solar intensity in
the band centered at 2900 A, It is doubtful whether any record would be ob-
tained at 1216 A, unless the solar intensity in that region, as measured a-
bove the earth's atmosphere, is very great.
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CHAPTER VI
IONOSPHERE RESEARCH WITH THE V-2
Introduction

The V-2 flight of March 7, 1947 marked the first occasion on which meas-
urements of ion density were made from vantage points within the ionosphere
itself, The theory of the experiment performed during that flight is dis-
cussed in earlier reports of this series,l as is the previous progress made
in the development of equipment and techniques.2 The experimental results
obtained on March 7 are discussed in Section A of this chapter ' The rocket-
borne transmitter and antennas are described in Sections B and C respectively.
Finally, the receiving and recording systems located at the two ionosphere
ground stations are detailed in Section D. . .

A. The March 7 Ionosphere Experiment

by

T. R. Burnight, J. F. Clark, Jr.
and J. C. Seddon

Experimental data concerning the ion density in the ionosphere were ob-
tained during the V-2 flight of March 7. Signals were recorded at both ground
stations during the first 402 seconds. This covered the period from take-off
to approximately the time at which the rocket broke up.

Ground Station I was located 14 km (9 mi) from the launching site bearing
70 west of north. Ground Station II was situated 74 km (46 mi) north north-
east of the firing area., The same types of data were recorded at each of
these stations. Electromagnetic radiation at the crystal-controlled frequen-
cies of 4.274 mc and 25,644 mc was transmitted from the rocket. These two
signals were received at the ground stations and the rate of change of the
phase difference between them was recorded as a phase beat frequency, The

lNaval Research Laboratory Report No. R-2955, Chapter III, Section F, and
Naval Research Laboratory Report No. R-3120, Chapter 1I, Section C.

2Nava1 Research Laboratory Report No.R-2955, Chapter 1I, Section G, and

Naval Research Laboratory Report No. R~3030, Chapter IV, Section E.
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received signal strength was also measured. In addition, several quantities
were measured in the rocket, and the values were transmitted to earth via
the telemeter. In this way, voltages proportional to the cathode currents
of the two output amplifiers were recorded, as were the r-f voltages at two
points, approximately one-quarter wavelength apart, in both the 4.274 mc and
the 25.644-mc transmitter output coaxial cables.

Take-off time, 11:23:29 a.m., M.S.T., was determined by correlating the
timing signal furnished by the Ballistic Research laboratories with the
time reference broadcast by Station WWV. The 25,644-mc transmitter operat-
ed properly during the first 142 seconds of flight, and, intermittently, for
short intervals thereafter., The 4.274-mc signal was transmitted throughout
the 402 seconds of flight from take-off to rocket breakup.

The strengths of the signals as received at the two ground stations are
plotted in figure 69 and figure 19, The variations in transmitter output,
the antenna pattern, the aspect of the rocket, and the possible existence of
corona discharge at the antennas, all can effect the received signal strength.
The results shown in the two figures have not been normalized with respect to
these parameters. This reduction is being carried out where possible, and
will be reported upon subsequently,

Several relevant ionospheric phenomena were observed at the time of the
firing. The fading of radio signals which occurred in various parts of the
world indicated the presence of disturbances in the ionosphere. The Nation-
al Bureau of Standards recorded an abnormally high value of attenuation at
L4.27, mc at its station near Washington, D. C. This agency also operates an
jonosphere height finding station at the site of Naval Research Laboratory
Ionosphere Ground Station I at White Sands. Readings obtained there immedi-
ately before and after the flight also attested to the severe ionospheric
absorption. Thus, a highly attenuating layer at the lower edge of the E lay-
er, often referred to as the D layer, was evidently present during the ex-
periment,

Serious interference was caused, after 128 seconds of flight (i.e., a-
bove 117 km, or 73 mi, altitude), by a c-w communication signal. This fac-
tor complicated the analysis of the data.

As can be seen in figure 19 the 4.274 mc signal disappeared in receiv=-
er noise at an altitude of approximately 111 km (69 mi) during the ascent,
and it reappeared at the same altitude on the downward leg of the flight.
Station II did not record this eftect, since its receivers were less sensi-
tive, and had a higher background noise level. The telemetering record of
the r-f voltages measured in the rocket shows that the transmitting system
continued to operate in the region above 11l km. Thus it appears that the
loss of the low-frequency signal was due to the disturbed condition of the
ionosphere,

The measurements at the two ground stations definitely correspond as
to evidence for the presence of the D layer. A sharp drop in received sig-
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nal level began just above 60 km altitude in both cases. This altitude is
in general agreement with previous estimates of the location of the D layer.

- The features of the phase beat frequency data which are of immediate
interest are the altitude at which the beat frequency commenced and the man-
ner in which it varied with the height of the rocket., The phase beat fre-
quency first became apparent at about 43 km (27 mi) altitude. It remained
at a low value up to 84 km (52 mi). Above 84 km the phase beat frequency
increased, and above 91 km (57 mi) it increased rapidly. At 111 km (69 mi)
it ceased, due to the fact that the 4.274-mc radiation was no longer re-
ceived,

Representative sections of the continuous film record taken at Ground

- Station I are displayed in figure 20. The characteristic trace obtained
when both signals were well above the limiting level is shown in section A
of the film. Section B shows a portion of a beat recorded when the V-2 was
- 79 km (49 mi) over White Sands. The well-defined waveform seen in Section
C corresponds to an altitude of 90 km (56 mi). A more complex waveform is

S
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reproduced in Section D, and the sudden cessation of the beat frequency at
111 km (69 mi) altitude is clearly visible in Section E.

The analysis of these data continues, and future reports of this series
will contain the further results,

B. The Ionosphere Transmitter
by
J. F. Clark, Jr. and G. Van Sickle

An improved transmitter was designed for the March 7 ionosphere experi-
ment. It represented an advance over the equipment employed in the firing
on October 10, 1946, Since it was intended to serve in addition as a proto=-
type for future work, it was designed to be not only physically rugged and
electrically stable but also to be readily adaptable to use over a wide
range of frequencies without the necessity for any substantial changes in
the basic plan, =

Previous experience led to the decision to obtain a minimum of 50 watts
of r-f output power from the transmitter at each of the two operating fre-
quencies, which, in this experiment, were 4.27L and 25.6L4 mc. The 829-B
dual beam tetrode was then selected for use in the power amplifier stages be-
cause of superior mechanical characteristics3 (ef. figure 70). Trials demon-
strated that the 6V6 beam tetrode, when operated as a frequency doubler, had
a power output which was more than adequate to provide the excitation neces-
ary for the power amplifiers.

To increase stability, the crystal oscillator was operated at half the
frequency of the low frequency power amplifier. A low temperature coeffi-
cient AT-cut crystal was incorporated in a 6V6 tetrode circuit. The tube
(labelled V1 in figure 70) was operated with a low screen grid voltage and
minimum feedback in order to reduce frequency drift as much as possible., As
shown in figure 71, all resistors and fixed condensers in each stage of the
exciter were mounted on a cylindrical terminal board directly beneath the
tube socket. A small change of frequency was had by tuning the variable con-
densers; a large change by replacing the separately mounted coils,

The low frequency doubler stage (V2 in figure 70) employed another 6vé
beam tetrode. Each 6V6 exciter tube was operated with low screen grid volt-
age in order to permit an indefinite period of detuned operation without ex-
ceeding the dissipation rating of the tube. The operating conditions of the
tripler (V5) and high frequency doubler (V6) were similar to those of the

3For example, the 4D22 proved to be mechanically unsatisfactory.
b
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low frequency doubler, the exception being that the tripler was operated
with approximately 75 volts of bias as compared to about 50 volts in the
case of the doublers. The tuning of each exciter stage was accomplished by
observing the grid bias developed in the following stage at the check points
which were provided for this purpose. These are labelled CKl, CK2, CK3, and
CK4 in figure 70. Check points 5 and 6 provided a measure of the exciter
and power amplifier plate supply voltages, respectively. Check point 7 per-
mitted the measurement of the filament supply voltage.

The two power amplifiers (V3 and V7) were similar in operation, Each
829-B dual beam tetrode was operated as an amplifier rather than as a fre-
quency multiplier in order to obtain better efficiency, and to minimize any
harmonic output which might cause interference in other experiments. After
careful stability checks, the two halves of each dual power amplifier tube
were operated in parallel, without neutralization. This was done in order
to simplify adjustment and the excitation requirements, to allow frequency
changes to be made without reneutralizing, and to obtain an r-f output volt-
age unbalanced-to-ground without disturbing a balanced push-pull amplifier.
An inductively-coupled low-impedance grid circuit was employed. Throughout
the transmitter, the use of r-f chokes was avoided in order to prevent low-
frequency parasitic oscillations. Regeneration at the operating frequency
was prevented by means of thorough shielding between the input and output
circuits of the power amplifiers. This shielding included the use of bypass
condensers which were built into all of the output amplifier tube socket ter-
minals except those connected to control grids. Very-high-frequency parasit-
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! Fig. 71. The ionosphere
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ics were prevented through the use of a small inductance in parallel with a
resistance, such a pair being placed in series with each 829-B plate lead.
Increased stability was also obtained by operating all variable condenser
rotors at ground potential. This also made it possible to mount these con-
densers more ruggedly. Each variable condenser was provided with a rotor
lock to prevent any changes in setting which might be caused by the vibra-
tions and shocks incident to the firing and flight of the V-2.

The control grids of the power amplifiers were returned to the negative
terminal of the 12 volt filament battery in order to prevent these tubes
from conducting an excessive amount of plate current in the absence of ex~
citation, The 5,000 ohm screen grid dropping resistors (R13 and R27) pre=-
vented the screen grids from exceeding their dissipation ratings under any
conditions of operation, including operation with the plate disconnected,
Subsequent experience has pointed to the desirability of increasing these
resistance values to 10,000 ohms in order to limit the off-resonance plate
current, which occurs when the antennas are detuned, to a value which is
more consistent with safety of operation. The voltage drops across the 19.5
ohm cathode resistors (R1l, R12 and R25, R26) were telemetered to earth.
These furnished a measure of the total cathode current in each power ampli-
fier tube.

The r-f voltage appearing across each output transmission line was
measured by means of 12SN7-GT dual triodes (V4 and V8), which were connect-
ed as diodes. These voltages were read at the output coupling loops and a
quarter wavelength away, in the transmission lines. In the case of the
low-frequency line the wavelength requirement located the second diode in
the tail of the V-2. Filament power and telemetering connections for this
diode were provided through socket J7. In the case of the high frequency
however, both second diodes were located in the transmitter case, with a
quarter wavelength of transmission line connected between J2 and J3. The
diode voltages were telemetered from cathode voltage dividers of the type
exemplified by Rl/) and R15.

In order to prevent interference in other experiments, many precau-
tions were taken to avoid the leakage of r-f energy from the transmitter
case. All test and telemetering leads were bypassed inside the case and
carried in shielded cables. The filament power was taken through a shield-
ed low-pass pi-section filter (Cu6, C47 and L9). As seen in figure 72, the
lead which carried 24 volt primary power to the generator was shielded up
to the internal dynamotor bypass condenser, and, in fact, did not terminate
within the radio-frequency region of the transmitter. A cover plate was pro-
vided to shield test jack J5 when it was not in use.

As shown in figures 73, 74, and 75, all components, including the dyna-
motor and the transmitter chassis, were rigidly mounted-on & 6 mm (0.25 in.)
steel base plate. Figure 76 illustrates the clamps which secure this plate
to the warhead mounting rails. The rails provided additional protection a-
gainst lateral motion., The plate extended through the rear of the trans-
mitter case and was secured to the rails adjacent to the warhead door. Thus,
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when the unit was in position in the warhead, it was free to move only in
the forward direction., Clamps were then affixed to secure it completely.,

The aluminum case was used primarily to provide rigidity and shielding.

Since all electrical connections and removable mechanical fittings were ac-
cessible from the front (cf. figure 76), it was possible to remove the trans-
mit?er thgough that single access door. The complete transmitter weighed 32
kg (70 1b).

A special voltmeter was provided for transmitter adjustment and test-
ing. The use of 15 m (50 ft) of shielded fourteen-conductor cable enabled
this voltmeter to monitor the seven transmitter check points and the six
telemetered voltages from the base of the V-2 when it was erected on the
firing platform. This greatly facilitated the adjustment of the antennas.

Initial alignment of the transmitter was readily accomplished. For
maximum stability, the crystal oscillator tuning condenser was adjusted so
that the voltage at check point 1 had 80 percent of its maximum value. The
lower capacity point was used for this setting. The low-frequency doubler,
the tripler, and the high-frequency doubler tuning condensers were then ad-
justed in turn so as to maximize the voltages at check points 2, 3 and Ak,
respectively. When properly adjusted, check points 1, 2, 3, and 4 all indi-
cated approximately 3 volts on the test meter, which corresponded to L5 volts
of bias in each stage. The final amplifier stages were tuned to resonance
by minimizing their respective cathode currents, which were read via teleme-
tering channels 1 and 4.

Power requirements for the transmitter were ~12 volts at 3.9 amperes for
the filaments, and -24 volts at approximately 20 amperes. The latter figure
was a function of the antenna loading. Dynamotor efficiency was approximate-
ly 50 percent., The efficiency of the power amplifier circuits, including the
effect of r-f losses in the output coupling and diode circuits, was measured
and found to be greater than 60 percent for an r-f power output of 60 watts
at each of the two oper-
ting frequencies.

Fig. 72. The iono-
sphere transmitter,
front view
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Fig. 76. The ionosphere transmitter mounted
in the warhead of the March 7, 1947 V-2
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C. Rocket Antennas tor Ionosphere Research
oy

T. R. Burnight, W. F. Fry,
and J. C, Seddon

The problem or constructing suitable antennas has been one of the most
dirricult to arise in connectizn with the ionosphere measurements. The side
antennas used in early flights™ were difficult to install, The trailing
wire antennas employed later did not have satisractory patterns. Therefore
a new type of antenna was installed on the V-2 which tlew on March 7.

The antennas consisted of wires which went around the tail structure
of the rocket near its base. The wires were supported by means of four bake-
lite insulators which extended 15 cm (6 in.) beyond the edge of each fin, and
lay in a plane normal to the missile axis. As before, a certain amount of
slack was allowed in each wire in order to decrease the stresses imposed by
the supersonic velocity with which the V-2 travels, Figures 77 and 78 illus-
trate the method of mounting.

The 25.644 mc antenna was a balanced dipole which was fed at fin I.
The 4.274 mc antenna was bottom loaded and fed at tin II. It was supported
at fin IIT and extended to fin IV. The two matching transformers were mount-
ed in tins I and IV. Bach was connected to its antenna by 76 cm (30 in.) of
shielded cable.

The determination of the impedances which these matching units should
present was a particularly difficult phase of the antenna problem., The an-
tenna impedances were first measured with the radiators mounted on a V-2
tail section which stood on a roof, The high and low-trequency antenna im-
pedances were there seen to be 50+j270 ohms and 14-3570 ohms, respectively,
The matching units were constructed accordingly, due consideration being
given in each case to the 76 cm (30 in.) of feeder cable and the 50 ohm im-
pedance o the transmission line which led to the transmitter.

The impedances were determjned several times while the rocket was in
the launching area. When the missile was mounted on the Meillerwagen ho-
rizontally, impedances ot 55+j6 and 64+j5 ohms were measured at the trans-
mitter panel for the high and low frequencies, respectively. With the rock-
et standing alone in firing position, impedance values of 35+3j0 and 50+j12
ohms were found. These latter measurements were made with the aid of tempo-
rary cable lengths which were equivalent to the transmission lines mounted
in the rocket between the transmitter in the warhead and the antennas at
the tail, Finally, when the Gantry crane was brought up to the rocket and
the various testing cables were connected, the impedances changed radically.

hNaval Research Laboratory Report No. R-2955, Chapter III, Section G.
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Fig. 77. Ionosphere antennas mounted on the V-2 tail structure

The last values given here were taken to be the most representative of flight
conditions, and antenna tuning was accomplished on this basis. The presence
of the platform upon which the V-2 stood (cf. figure 79) undoubtedly affect-
ed the impedances, however, no better method of tuning was available at the
time,

At the ground stations, half-wave horizontal dipoles served to receive
the high-frequency radiation. In each case the low-frequency antenna com-
prised a halr-wavelength horizontal section with a quarter-wavelength verti-
cal lead and a half-wavelength reflector which was positioned a quarter-
wavelength below the horizontal element.

As noted in Section A, signals were received at both ground stations
during much of the flight. The variations in the strengths of these signals
indicated either that the antenna patterns were not suitable, or that the
transmitters were not properly matched to the antennas after the v-2 left
the ground, or both,




Fig. 79. Mounting iono-~
sphere antennas on the y-2

99

Fig. 78. Ionosphere
antenna mounting insula-
tor. The telemetering
turnstile transmitting
antenna is also visible,
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At the present time several methods of meeting the radiation problem
are being investigated. Antenna impedances have been measured on a rocket
mounted nose down. Antenna patterns are also being measured with the aid of
models. The use of an automatic tuning device is also under consideration.

D. The Ionosphere Receiving and Recording System

by

J. F, Clark, Jr., C. W. Miller
and G. H. Spaid

A receiving and recording system of ‘improved design was employed in the
March 7 ionosphere experiment. A brief description of this system, together
with a short history of its evolution, is presented here. A more complete
discussion of the theoretical design considerations will appear in a future
report of this series. ‘

The two receiving and recording stations are located so as to be approx-
mately beneath the points at which the rocket penetrates the E layer of the
ionosphere on a normal flight. Two types of data were to be gathered at
these stations: (1) equivalent electron density as a function of altitude,
and (2) the attenuation of each signal, also taken as a function of altitude.
In addition, long range propagation data were to be obtained over paths be-
tween the rocket-borne transmitters and the many receiving stations scatter-
ed throughout the world which were manned by cooperating agencies.

Basically, as shown in figure 80, the original receiving and recording
system was comprised of two receivers tuned to harmonically related frequen-
cies, a unit designed to multiply the frequency of the amplified low fre-
quency signal to that of the high frequency radiation, and a mixer, ampli-
fier, and recorder which compared the phase of the two resulting signals.

The rate of change of the phase difference was capable of being used to de-
termine the refractive index at the lower of the two frequencies, and equiva-
lent electron densities, in the strata of the ionosphere. Signal levels were
measured to provide attenuation data, Timing markers were also recorded with
the data, in order to correlate ion density with altitude. .

In the first experiments, three radio frequencies were employed. Since
the first cycle of V-2 firings, however, only two frequencies (4.274 and
25,644 mc) have been used. Nevertheless the present system was designed so
as to permit the use of a third frequency simply by adding another receiver
and the associated mixing and recording equipment.

In all of the previous experiments, tuned radio frequency receivers
were used, They were selected primarily because they were simple to design
and construct. The use ot these receivers revealed a number of disadvan-
tages, including inadequate sensitivity and selectivity, and excessive vari-
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able phase shift. Variable phase or frequency shift occurring within either
receiver may have the same appearance, when recorded, as the phase beat fre-
quency data. Such a phase shift may be caused by the Miller effect in those
stages which employ automatic volume control. This effect is essentially a
detuning which is caused by variation in the effective shunt capacitance of
the control grid of the tube. This in turn is due to the change in amplifi-
cation factor caused by the application of avc voltage. Consequently, the
design of a more acceptable system was undertaken for use in the March 7 and
subsequent firings.

If an ordinary superheterodyne receiver were used, local oscillator fre-
quency drift would also introduce errors. A change in amplitude of either
signal, when applied to the mixer, also has an effect on the oscilloscope
trace which is similar in appearance to the phase beat frequency indication,
Thus, it is necessary to limit the amplitude of each signal before it is fed
to the mixer. However, should another signal appear, comparable in amplitude
and frequency to the signal under study, the limiting process might introduce
additional frequencies by a phase modulation process. These fregquencies would
difter from the one being studied by integral multiples of the difference fre-
quency. Their presence would considerably complicate the analysis. If the re-
ceived signal drops below the limiting amplitude, the level of the output voltage
of the mixer will depend upon the received signal strength, as well as upon the
phase difference, These considerations imposed strict design requirements on
the receivers, These may be summarized as follows, Variations in the phase
shift introduced by the receivers had to be kept to a minimum. The total gain
of the receivers had to be sufficient to secure limiting with very low input
signal levels, Signal-to-noise sensitivity had to be optimum in order to ex-

ANTENNA ANTENNA
25.644 mc BEAT D-¢ TIMING
L— LIMITER FREQUENCY |—
RECEIVER MIXE R AMPLIFIER RECEIVER
25644 mc ave (
FREQUENCY [~~~ — _ CONTINUOUS
MULTIPLIER 0SCILLOSCOPE - a
6701 - FILM CAMERA
ANTENNA
4.274 mc || umiTer
RECEIVER
CLOCK
TIMING
~
4.274 mc Ave -
ave METER \\\T: Ave
AND
TIMING - CAMERA
-~
PANEL P

Fig. 80, Basic lonosphere receiving and recording system
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clude noise from the data when received signal levels were low. High selec-
tivity was essential due to the prevalence of excessive atmospheric noise,
and the frequent occurrence, at White Sands, of interfering signals having
frequencies close to the experimental frequencies,

The first type of receiver which was considered tfor the new design was
a system which would eliminate the error introduced by local oscillator drift,
while retaining the numerous advantages of the superheterodyne principle.
Such a receiver is illustrated schematically in figure 81, It converits the
input frequency to an intermediate frequency, amplifies the latter, and re-
converts it, using the same local oscillator, to the original input frequen-
cy. This system may be used with only one receiver it desired., However, it
is diffucult to obtain sufficient gain without introducing the instability
caused by feedback from the high level output stages to the low level input
stages.

The equipment which was actually employed on March 7 is diagrammed in
tigures 82, 83, 84 and 85, It consisted essentially of two superheterodyne
receivers with harmonically related local oscillators which were controlled
by a single crystal, This system, which must include both receivers, has
the further requirement that the intermediate amplifier and local oscillator
tfrequencies have the same ratio as the original transmitted frequencies.
With this arrangement, the limited output from the i-f amplitier of the low
frequency receiver may be multiplied and mixed directly with the output from
the i-f amplifier of the high frequency receiver. This affords the advantage
of amplifying at two frequencies in each receiver, permitting a higher over-
all gain without loss of stability. The high frequency receiver includes a
separate local oscillator. This allows it to be tested independently of the
low frequency receiver. The system is also flexible enough to permit consider-
able changes in the operating frequencies. Such changes may be accomplished
through the use o1r different local oscillator crystals and the adjustment of
the tuned circuits preceding the intermediate frequency amplifiers.

In order to correlate the photographic data with missile position, tim-
ing pulses starting at take-off were transmitted trom the launching site and
recorded on each data film. These pulses occurred each half-second. Every
twentieth pulse was omitted. The amplified pulses flashed neon bulbs which
were in the fields of view of the continuous cameras. In addition, each
ground station had an independent timing system referred to a chronometer.
It could be used to ascertain the instant of take-off with reference to the
time standard furnished by WWV. It was also capable of providing accurate
time intervals in the event of a tailure in the main timing system.

A photograph of the present ionosphere receiving and recording system
appears in figure 86, The top panel includes the transformers which match
the impedances of the antennas to the 50 ohm unbalanced receiver input ter-
minals. The third shelf contains the high frequency receiver and the out-
put mixer circuit. On the fourth shelf is mounted the low frequency receiv-
er. The second shelf contains the timing and recording circuits,., These in-
clude a direct coupled amplifier for the display of mixer phase difference
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25644 mc
ANTENNA
R-f FIRST - f SECOND BEAT D-c¢
—1 - iy ORIGINAL LIMITER | FREQUENCY |
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Fig. 8l. Double conversion superheterodyne system
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Fig. 82. Common local oscillator superheterodyne system
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Fig. 85. Direct coupled amplifier and
timing circuits for ionosphere measurements

Fig. 86. Ionosphere receiver and recorder on mobile trailer I
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\

on an oscilloscope, and cathode followers used to present signal level data
on low impedance meters. The direct coupled amplifier has two output ter-
minals, The first provides a capacity coupled untiltered output useful for
aural monitoring and for wire tape recording purposes., The phase beat fre=-
quency signal is riltered in a low pass unit which has a cutoff frequency
of approximately 15C cycles. This serves to minimize the beat frequencies
generated by interfering signals and the signal under study. The filtered
phase beat frequency appears at the second output terminal.

The phase beat frequency data are recorded by means of continuous film
cameras which are focused on the oscilloscope screens. The signal level
data are recorded by means of a framing camera which is focused on the ave
meter dial. »

Tests showed commercial intermediate frequency amplifiers to be un-
suitable, particularly with regard to the dependence of phase shift upon
signal level. Accordingly, a high frequency receiver was designed which
introduced less than 20 degrees of phase shift per stage for the maximum
possible variation in signal level. This gave a maximum total phase shift
of 60 degrees for the three i-f amplifier stages., The low frequency re-
ceiver called for less than 5 degrees per stage, or 15 degrees maximum total
phase shift. This shift is still less than 90 degrees after the intermedi-
ate frequency has been multiplied to the high frequency i-f level., Pre-
liminary checks of the receivers indicated that their performance was with-
in these limits. Selectivity curves for both receivers are given in figures
87 and 88. The bandwidth measured at the half-power points was approximately
0.2 percent of the input frequency in each case. Sensitivity was essentially
the same for both receivers, with two microvolts being required to obtain a
fully limited signal. Ordinarily, 0.5 microvolts were required for a two-to-
- one signal-to-noise ratio in each receiver. Curves of avc voltage vs. sig-
nal input in microvolts for the two receivers are presented in figures 89 and
90. The avc time constant or each receiver was approximately 0.0l second.
This short duration was chosen to minimize the loss of data which occurs when
bursts of nolse block the receiver,

As can be seen from an inspection of figure 19, a sharp drop occurred in
the level of the 25.644 mc signal received at ground station I when the V-2
reached an altitude of 5 km. This was not accompanied by any shift in phase,
The performance of the receiving system in this instance served to demonstrate
that the present design has mitigated some of the undesirable effects associ-
ated with changes in received signal amplitude.
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CHAPTER VII

THE PRESSURE AND TEMPERATURE OF THE UPPER ATMOSPHERE

by

N. Best, R. Havens

and H, LaGow

A study of the pressure and temperature of the atmosphere was carried
out at very high altitudes during the V-2 flight of March 7. This work was
a continuation of the measurements which were begun earlier in the Rocket-
Sonde Research Program.l The physical and electrical arrangements of the
various equipments are discussed in Section B of Chapter III, and illustrat-
ed in figures 6, 7, 8, 35 and 36, The results of the experiments are con=-
tained in a letter to the Editor of The Physical Review,< which appears be-

low,

Pressure and Temperature of the Atmosphere to 120 Km

Pressures and temperatures of the at-
mosphere up to 120 km were determined from
data taken on the V-2 rocket fired at White
Sands, New Mexico on March 7, 1947. The
methods used in obtaining these data were 3
similar to those used in a previous flight.
The pressure measurements were made with bel-
lows gauges for pressures between 1000 mm Hg
and 10 mm Hg. For pressures between 2 mm Hg
and 10-2 mm Hg, tungsten and platinum wire
Pirani gauges were used, A Philips gauge was
used for pressures between 10-3 and 10> mm
Hg.

Ambient pressures shown in figure 91
were measured up to about 80 km with gauges

1

Cf. Naval Research Laboratory Report No. R-2955, Chapter III, Sections D

PRESSURE B MM OF Hg

N

™

<

RAM  PRESSURE
AMBENT
PRESSURE| .

« v-2 DATA

BALLOON 0ATA
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™
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ALTITUDE —~ KM ABOVE SEA LEVEL

Fig. 91. Ambient and ram pres-
sures as a function of altitude

and E, and Naval Research Laboratory Report No. R-3030, Chapter IV, Section B.

N. Best, R. Havens and H. LaGow, Phys. Rev. 71, 915 (1947).

3Best, Durand, Gale and Havens, Phys. Rev. 70, 985 (1946).
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mounted on the side of the V-2, just forward of the tail section, Pirani
gauges, mounted in similar positions on opposite sides of the rocket, gave
readings which agree within experimental errors, indicating that no appreci-
able error was intreduced by yaw of the missile up to this altitude, A sin-
gle Philips gauge was mounted on the 15° cone of the warhead. The readings
of this gauge were reduced to ambient pressures by use of theories of Taylor
and Maccoll.4 Photographs of the earth made from the missile and gyroscope
data indicated a yaw of about 15° at 110 km and a roll period of 4O seconds.
From the above data it has been calculated that at 110 km the aspect of the
rocket was such that the Taylor and Maccoll corrections used were valid (Fig-
ure 91). However, at 100 km the pressure shown is probably too high, while
at 120 km it is too low, in each case by a factor of less than two,

The temperature of the atmosphere was calculated from the slope of the
pressure vs, altitude curve and from the ratio of ram tu ambient pressures.
Figure 92 is a plot of the temperature derived by this method. Also shown
are the temperatures measured by means of a weather balloon released within an
hour of the time of the rocket's flight. For comparison, the NACA estimated
mean temperat,ure5 is included on the curve., The probable error is*25° from
50 to 60 km., X150 at 65 to 70 km, and + 20° at 72.5 km. The probable er-
ror above 100 km is ¥ 400, Temperatures calculated from ram pressures for
altitudes between 10 and 20 km are 5 to 20° lower than the expected tempera-
tures., This discrepancy is possibly caused by errors in the velocities cal-
culated from the poor radar data obtained during the first 20 km of the
flight.

Pitot tube theory was used to obtain Mach number from the ratio of ram
pressure to ambient pressure. The velccity of the rocket divided by Mach
nunber gave the velocity of sound from which the temperature was calculated,

It has been found necessary to apply corrections in the readings of the
Pirani gauges to allow for their time constants. This effect resulted in a
l.5-second lag in the gauge used in October, corresponding to 2 km at alti-
tudes between 60 and 80 km. When the October data were recalculated to al-
low for the lag, they were found to agree with the March data at 60 km, but
to be higher that the March data at 80 km. This difference may be a seasonal
effect and not experimental error. To establish the seasonal effect defi-
nitely, accurate data are needed between 75 and 100 km.

Two platinum resistance temperature gauges were installed to measure
temperature of sections ot the 15° nose cone. The tempsrature rise on the
0.1-inch thick aluminum forward section of the nose was 1200 + 5° C, On the
0.l1-inch steel section immediately behind the aluminum, the temperature rise
was 850 1 50 C,

 aad

ba, 1. Taylor and J. W. Maccoll, Proc. Roy. Soc. 139, 278 (1922).

SNational Advisory Committee for Aeronautics, TN 1200 "Tentative Tables for
the Properties of the Upper Atmosphere" (1947).
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The information contained in the preceding letter is presented in great-
er detail in the tables which follow, Table III provides ambient pressure
data, and Table IV gives the temperatures measured at two points on the war-
head as functions of time and pressure. Figure 93 shows the points at
which these readings were taken, Further analysis of the data showed that
the warhead temperature rise had the values 135° * 10° C on the aluminum
forward section, and 95° T 10° C on the steel section, rather than those
given in the letter above. For comparison, the results of similar measure-
ments made on October 10, 1946 are given in Table V. The temperatures shown
were measured on the 0.5 mm steel skin of the V-2 control chamber, This
surface made an angle of 9° with the rocket axis,

13or- T
12 =t
> -
N
] -
100
// —~NACA
9 ESTIMATED MEAN |
o /] TEMPERATURE
Fig., 92. Temperature as a function of alti- g S
tude., The crosses indicate data calculated < T e ]
from slope of pressure curve; the black @ 3
circles, data calculated from ram pressure; g 5 s
the triangles represent balloon data. ! =
i i/
E W
< \‘
\
96 56 760 250 366 355

TEMPERATURE DEGREES
KELVIN

TABLE III
Ambient Pressures Observed on March 7, 19473

Pressure in mm Hg

Altitude as Measured from a- Altitude Pressure Mtitude Pressure x 101'
in Km “Balloon v=2 in Km in mm Hg in Km in mm Hg
1,2 657 15,0 1.3 106.6 1.7
1.5 638 6.7 1.05 107.7 1.L
2.4 S71 4842 0.86 108.7 1.2
3.0 527 L9.6 0.74 109.7 1.1
L3 Lh7 51,0 0,60 110.8 1.0
5.5 375 52,6 0.52 111,8 0.85
7.6 268 Sh.l 0.5 112,8 0.85
9.1 312 55.5 0.36 11L.0 0.75
10.7 166 175 5741 0,32 115.0 0.70
11.3 158 S8.L 0427 116.0 0,65
11.9 1L5 61,3 0,19 116.8 0,60
12,2 1l 62,1 0,170 117.7 0.50
12,6 130 63,8 0.154 118.5 0.40
13.3 116 65,2 0.124 119.5 0.L0
13.7 107 66,7 0.106 120.6 0,40
1L.0 102 68,1 0,086 122,5 0.35
14,8 9l 69,3 0,071 125,1 0.30
15,2 86 70,6 0,054 126.0 0425

15.6 76 72,0 0.042

16.4 67 7363 0,032

17.2 60 97.8 0.00058#
18.2 1 98.9 0,00051
19.2 L3 100,0 0.C00LY
20,2 36 101,2 0.Co0LY
21.2 29 102,.3 0.00036};
22,2 25 103.4 0.00028#
h2.0 2.3 10L.5 o.ooozs#
L3. 1.6 105.6 0,00023

# Except where noted otherwise, these measurements were made from the V-2,
# These values were calculated from measurements made on a 26° cone using methods
developed by Taylor and Maceoll, [Cf. Proc. Poy. Soc. 139: 278 (1922),]
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TABLE IV
V-2 Warhead Skin Temperatures Measured on March 7, 1947

Time in Velocity

Seconds in Meters
After per Altitude* Pressure Skin Temperature#
Take-of £ Second in Km in mm Heg in ©°C at Point -
1 2

0 0 1.2 660 22 30
10 109 1.7 630 22 30
20 260 3.5 495 22 30
25 348 5.0 410 22 30
30 438 7.0 300 25 30
35 530 9 210 35 31
40 64,6 12.3 130 L5 40
L5 810 15.9 76 62 55
L7.5 900 18.0 52 77 65
50 995 20.4 33 87 75
52.5 1090 23.0 23 97 84
55 1200 25.9 14.5 108 92
57.5 1305 29.0 9.6 118 98
60 1420 32.4 5.8 124 105
65 : 1540 39.9 2.3 135 116
70 1490 47.5 «95 142 122
75 1440 54.8 40 147 122
80 1390 61.8 .18 156 125
100 1200 87.5 .003 160 -

¥To within ¥0.5 km
#To within # 10°C

2.3mm ALUMINUM

TEMPERATURE MEASUREMENT
POINT NO. |

ALUMINUM-STEEL JOINT

TEMPERATURE MEASUREMENT
POINT NO. 2

64.8Cm

2.6 mm STEEL

Fig. 93. The locations of the skin
temperature measurement points on the
warhead of the March 7, 1947 V-2




TABLE V

V-2 Control Chamber Skin Temperatures Measured
on October 10, 1946

Time in Seconds
After Take-off

-10.0
- huo
3.5
1.9
19,1
23.0
2607
29.L
32,2
359
37.8
10,6
L2
L5.8
46,9
51.8
52.8
56.1
58.9

Time in Seconds
After Take-off

0
19.1
21,6
26,2
30.8
35k
1.1
L3.6
Lb.7
L6.9
57.2

Velocity in
Meters per
Second

1175

Velocity in
Meters per
Second

0
22}
268
3L8
430
512
630
700
722
790

1090

#These temperatures were measured on a 0

angle of 9° with the

rocket axis,

Pressure
in mm gg

660
660
6L0o
620
510
L60
390
340
275
210
180

Pressure

in mm Hg

660
510
L8o
390
300
210
115
100

89

67
15

#The error in relative temperature is about 3° C

in absolute temperature is possible due to the shif

curves,

Tro within +10° c,
thermometer was becom

Skin Temperatures#
in °C as Measured
With a Thermistor

21
23
21
20

Skin Temperatures
in 9C as Measured
With a Pt Resistance!

«5 mn steel surface which made an

However, a 10° C error
ting of the calibration

except for the last value given, The resistance
gauge in this region; as a result the

ing a pressure

error at this point was # 20° C,
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CHAPTER VIII

VIBRATION MEASUREMENTS IN THE V-2

by

C. B. Cunningham! and C. P. Smith

The nature of the vibrations which are developed in the V-2 during
flight was studied experimentally for the first time on March 7, 1947. Theo~-
retical calculations might have predicted the frequencies of vibration, but
such quantities as amplitude and acceleration were best determined by direct
measurement. Accordingly, the design and construction of a suitable appara-
tus was undertaken as part of the preparation for this flight.

It was decided not to employ electronic amplification, since the vibra-
tions might generate microphonic noise in the necessary equipment., Such
noise would tend to mask the effect being studied. A self-generating type
of instrument was therefore preferred for this application. As there were
no actual data which could be used in determining the sensitivity require-
ment, it was arbitrarily assumed that the V-2 vibrations were similar in
character to those encountered in ships and aircratt. These considerations
led to the choice of the type 4-102 vibration velocity pickup which is manu-
factured by the Consolidated Engineering Corporation. This is a self-genera-
ting unit which faithfully-amplifies those types of vibrations which were ex-
pected to occur during the flight. It is shown in figure 94.

Fig. 94. The vibration-measuring equipment

IMember of the Sound Division of the Naval Research Laboratory. The vibra-
tion measurements have been carried on as a joint project by the Shock and
Vibration Research and Evaluation Section and the Rocket-Sonde Research
Section.
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Since the instrument has a sine wave output, and since the telemeter
accepts only positive voltages, a 3-volt bias was employed., Diode limiting
was also used to prevent the signal level from exceeding the range of volt-
ages accepted by the telemeter. A schematic diagram of the installation is
given in figure 95. Three pickups were installed, Their outputs were com-
bined in a single telemetering channel by means of a commutator.

The pickups were mounted on a plate which was fastened to the base of
the warhead. The location of the assembly in the main warhead body is shown
in figure 8. One of the units had its axis parallel to the principal axis
of the missile, while the axes of the other two were parallel to the fin
planes and lay normal to the rocket's longitudinal axis.

Vibrations in the plane normal to the missile's main axis had ampli-
tudes which were too small to be measured by this installation. Vibrations
along the principal rocket axis were recorded. The frequencies ranged from
42 to 57 cps. The peak vibrational velocities varied between 2.7 and 4.6
em (1.06 and 1.82 in.) per second. The amplitude measurements were not very
accurate, however, this quantity was calculated by integrating the velocity.
In this way it was estimated that the total excursion varied between the ex-~
treme values of 0.17 and 0.29 mm (0.0068 and 0.0116 in.),

WARHEAD BASE  (BOTTOM AGCESS

(TOP VIEW)
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Fig. 95. Schematic diagram of the vibration-measuring installation
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The vibration was not continuous. Its intermittent character sug-
gested that it might be due to shocks which originated in the rocket motor
and were transmitted through the missile structure, These shocks may have
been caused by uneven burning of the fuel. All the measured vibrations
ceased at Brennschluss. The propulsion unit, theretore, is considered to
have been the source of the disturbances. The vibrations were undoubtedly
more intense in the tail section. This structure was closer to the V-2 en-
gine, had a smaller mass and a more extensive configuration than the warhead,

A more sensitive instrument will be installed in the warhead, and ad-
itional measurements will bhe made at other locations in future rockets.
Particular interest attaches to the observations which will be made with
these refinements during the period of transonic flight.




CHAPTER IX

PHOTOGRAPHY FROM THE V-2 AT ALTITUDES RANGING UP TO 160 KILOMETERS

by
T. A. Bergstralh

On March 7, 1947 the twentiethl V-2 to be launched in America took to
the air from the Army Ordnance Proving Grounds at White Sands, New Mexico.
As on several of the previous flights, an attempt was made to obtain photo-
graphs of certain rocket installations, and of the earth. In this attempt

‘the effort met with considerable success. Included among the group of pic-
tures obtained are the first ever to be taken from altitudes greater than
160 kilometers (100 miles). The quality of the photographs is fairly good.
For the first time in pictures taken at such high altitudes, it is possible
to identify many geographical features. In addition, the cameras recorded
numerous cloud formetions and other inform&tion of meteorological value.

The appearance of the earth is unqusstionably the most striking feature
of the photographs. The Colorado River, the Gulf of California, the penin-
sula of Lower California, and the Pacific Ccean beyond are all clearly dis-
cernible in the Frontispiece which was taken as the rocket reached the peak
of its trajectory. More than 500,000 square kilometers (200,000 square
miles) of the United States and Mexico are visible between the bottom of the
picture below the rocket and the curved horizon 1,450 kilometers (900 miles)
to the west. If the V-2 had risen in another part of North America, a simi-
lar photograph could easily have included both New York and Chicago. Many
lesser lakes, rivers, dry lakes, etc. have been identified. Their locations
are indicated in the Frontispiece,

One of the primary purposes of the photographic program was to acquire
a better knowledge of various motions executed by the missile in going
through the upper atmosphere. It was also desired to obtain accurate infor-
mation comncerning existence of corona discharge at the radiating elements,
and the relative positions of the antennas and the jet exhaust flame of the
rocket, in order to assess the performance of these components. Important
information in these matters was obtained from the photographs taken on
March 7.

When the rocket takes off, it can be controlled by the action of its
carbon vanes in the jet exhaust and the stabilizing action of the air vanes
on its fins. These restoring forces also can prevent rolling. However,
after the end of powered flight, this source of correction is, for all prac-

lMissile No. 21, Missile No. 1 was expended in a static firing test.
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tical purposes, no longer available, There is nc jet, and the drag of the
atmosphere on the air vanes is negligible. Thus, if the rocket possesses

a residual roll at this tige, the mechanism orders constantly increasing
amounts of correction in vain; i.e., the air vanes are turned to their ex-
treme positions, nevertheless the rocket continues to roll. The film fur-
nished positive evidence that this rolling actually does take place. The
turning of one of the vanes and the rolling of the rocket are both clearly
visible in the complete sequence of photographs. These also show that the
flame came between an antenna and the ground station during a portion of the
flight.

The photographs were made with two K-25 aircraft cameras one of which
is shown in figure 96. These cameras employed 24 volt power and operated
automatically. They were mounted symmetrically in opposite sides of the
midsection of the rocket. Each was equipped with a right angle prism and
in both cases the field of view was directed toward the tail at an angle of
200 to the missile axis. Each roll of film provided for fifty-five 10.2
em x 12.7 em (4 in. x 5 in.) negatives. A 1/500th second exposure time, an
/11 lens setting, K-25 infrared reconnaissance base film, and a Wratten
25A red filter were used. This combination had an exposure index of 50.
The recovered film was found to be slightly underexposed. Experience gain-
ed on this flight indicates that f/8 is nearer the optimum lens setting for
the conditions experienced.

The V-2 rose vertically from the launching site, tilting gradually to-
ward the north during the burning period. At the point at which the fuel
was spent, 63 seconds after take-off, it had a zenith angle of 7°. The
winds from the east then caused the missile to begin turning in that direc=~
tion. This motion probably continued throughout the remainder of the
flight. The last six pictures given here were made while the V-2 was in-
clined toward the northeast at a zenith angle of approximately 10°. Explo=-
sive charges at the base of the warhead and the junction of the midsection
and tail were detonated 330 seconds after take-off. The rocket broke up
shortly afterward as it entered the denser portions of the atmosphere. The
parts fell to earth over a wide area of the white sands which gave the re-
gion its name., Both cameras were recovered on the following day. One of
these was partially destroyed upon impact, allowing light to enter. As a
result some of the pictures taken during the latter part of the flight were
partially fogged.

The following pages contain a selection of nine photographs, figures 97-
105 which, together with the Frontispiece and figure 21 are representative
of those taken during the V-2 flight of March 7. They are indicative of the
results which may be obtained by means of photography at very high altitudes.
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Fig. 96. V-2 rocket No. 21 on its launching platform,
showing one of the cameras mounted in the midsection
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Fig. 98. A photograph taken 43 seconds after takeoff at an alti-
tude of 12 kilometers (7 miles). The camera was pointed southeast.
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Fig. 99. A photograph taken 63 seconds after takeoff at an alti-~
tude of 34 kilometers (21 miles). The camera was pointed southeast.
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Fig. 100. A photograph taken 8l seconds after takeoff at an altitude of
60 kilometers (37 miles). The camera was pointed west., Part of White
Sands area shown in lower left. (Fig.]_oj shows same area at a highier altitude.)
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Fig. 101. A photograph was taken 100 seconds after takeoff at an alti-
tude of 85 kilometers (53 miles), The camera was pointed northeast .




Fig. 102, A photograph taken 136 seconds after takeoff at an
altitude of 123 kilometers (76 miles). The camera was pointed
north northeast. A portion of the lake formed by Caballo Dam on
the Rio Grande River is visible in the lower left hand corner.
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Fig. 103.

altitude of 137 kilometers (85 miles).
southwest .

in the right center.

A photograph taken 155 seconds after takeoff at an

The camera was pointed
The White Sands region appears between the clouds

The rocket came to earth in this area.




Fig. 104. A photograph taken 190 seconds after takeoff at an altitude
of 156 kilometers (97 miles). The camera was pointed southwest. Caballo
Dam Lake, the lower end of Elephant Butte Dam Lake and the Rio Grande
River between are all discernible in the upper left hand corner .
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Fig. 105, A photograph taken 209 seconds after takeoff at an alti-
tude of 161 kilometers (100 miles). The curvature of the earth may
be clearly seen. The camera was pointed toward the northwest.




CHAPTER X

AN ANALYTICAL BASIS FOR DETERMINING THE ATTITUDE
OF A SPINNING MISSILE AFTER FUEL CUTOFF

by
H. E. Newell, Jr.

INTRCDUCTION

A knowledge of missile attitude as a function of time is an important
factor in the interpretation of many of the upper atmosphzre measurements
made from the V-2. Since the rocket is stabilized prior to fuel burnout,
the motion of the missile through the denser portions of the air is prede-
termined. It is the rocket behavior after full cutoff which is open to
question, and which will be investigated below.

Once the rocket attains the free fall portion of its trajectory, the
effect of air resistance is presumably negligible and will not be considered
in the discussion. The influence of the motions of the rocket's turbine and
of any residual alcohol or oxygen in the fuel tanks will also be neglected,
The problem, then, is that of determining the motion of a freely falling
rigid rocket, upon which no torques are acting, the angular momentum of
which, therefore, remains constant.,

The Egquations of Motion.

_ The axes of figure 106 are thought of as attached to the center of mass
0:(€,7M,f) of a rocket. The (X, Y, Z)-axes move with the rocket, but remain
fixed in orientation, the Z-axis being vertical. The (x, y, z)-axes, on the
other hand, are fixed within the rocket as shown in figure 107, and alter in
orientation as the rocket attitude changes. The parameters 6, @, Ushown in

z 2

v -
S Y //
AN
N x
AN

Fig. 106. Diagram showing the Fig. 107. Diagram illustrating the
relationship between a fixed set position of the moving axes of Fig.
of axes and the Eulerian angles 104 as they appear fixed in the rocket
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figure 106 are the Eulerian angles relating the (x, y, z)-axes to the
(X, ¥, Z)-axes,

Let Wy @y @ be the components of the angular velocity of the rocket
referred to the (X, y, z)-axes. Then

Wy — 0 sin¥ — @ sin 6 cos ¥
Wy =& cos W+ sin @ sin ¥
W, = U +g cos 0.

The kinetic energy of the rocket is given by
_1y(%R, 223%2 2 2 2
T=3MES+ N7 g ) + 3L 0F + 1, @2 + 1, 02),

where M is the mass of the rocket, and Ix, Iy, Iz are the moments of inertia.
The potential energy is given by

- -2 =2 =2
V= Hg& E+m & -
Hence the Lagrangian function L is of the form
- 2 2 2 - -, = 2 =2
where F does not involve the Eulerian angles.
Set Iy =1y =2, I, =c. Then
. . 2 . .
L=% {3(92 + ¢2 sin 9) + c(y + @ cos 9)2] +f.

Substituting into Lagrange's equation
9.( oL \.2L _o
dt\ gd | 89

where q is any one of ©, @, W, one obtains, after some simplitication, in-
cluding two immediate integrations:

la.) - ¢° sin 6 cos o+ B, P sin €= 0
1b.) @ sin® 6+ BR, cos 8 =h
lc.) LV+§’6 cos ©=£,,

Here B =§ and h and Qz are constants of integration.

The equation lc.) states simply that the rate of spin of the rocket
about the z-axis remains constant at its initial value £ ,, which is assumed

throughout to be not zero.
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Integration of the equations of motion.

Case 1. © never vanishes,

Suppose first of all that the rocket is never vertical, so that @ never
vanishes., From 1b.)

h =By cos ©
sin® @

Using this in la.):

o0 2hfQ; hBQ
6 =(he+ BRQ2) cos 0 z o, zZ_ .
% 8in3 @ sin3 @ sin
Multiplying through the last equation by 2 © and integrating:

h2 + B2 Q% - 2h Q2 cos B
sin? @

R = AR -

where

h? +B2 Q52 - 2h BQy cos 6o

A2=Q%+
sin? 6,

This reduces to

where
2920 2
B2 =A% - (n? + p2Q,°%) + B 9 = 2L .

Integrating:

arcsin hﬂ'QL"BAZ cos @ _y+at,
A
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where

hBR, - A2 cos 6,
AB

Y =arcsin

Solving for cos ©:

2.) cos 6 = hB 2y ~ B sin (7*at)
A< A

The azimuth angle § can now be obtained as follows. From lb.):

h -,B.Q_Zrcos e dg o
sin? © de

-

Using the expression derived earlier for ¢ sin © , this becomes

g _ h =B cos © .
de tsinQ[B2-A2 (_E‘ég_z.-cos O) 2]%

Upon integration

B$2, - h cos © B8z - h cos 6o

3.) ¢ - @o="%{arctan - arctan
2 2 hB2y 212 2 _ a2l - 2l
o gl e o
or
3'.) @ - @o=arctan B‘Qz - hcos @ - arctan B‘Q&' h cos &g .
9 sin 0 2 g sin 6,

Also, using 2.) and

© sin 6= * B cos (7 at),

311.) § - g = arctan B2 (A2 -~ n)+ h AB sin (PEat) .. B% - hocos 6
+ 42 B cos ( ¥+At) Qg sin 6,



135

Finally, from lc.)

Y =92, -@cos b

V-0 _ hcosG-B.Qgcosze

z 1 - cos? @
T =(1-B) 2 ,{B.Qz-hcosg *é]-é
1 - cos? 6

. . h+ 82
V=1 -B)Q, -5+t B2
l+ cos o

b ) W= ={1-B)R,t - (#-8,) *2 [arctan (A% + nBQy) tan F (¥ *at) - 4B
A(h+8823)

- arctan (Az + hf32;) tan % ?Y - AB J .
A (h+ ﬁgz)

Integration of the equations of motion,

Case 2, B© assumes zero values,

The integration of equations l.) is somewhat simpler in the case in which
the rocket becomes vertical at times during its motion. In such a case, set-
ting 6 = 0 in 1lb.) yields

B, =n,
whence
5 BR, (1 - cos 6) B 2z
sin? @ 1 +cos ©
Equation la.) becomes
o 32922 (1 - cos 9}2

sin3 ©
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Integrating, and assuming that 6(0) = O:

. 2 -
92=-992-B 922[1 cosG].
1+ cos©

This can be put in the form

5.“+' 99 L 22 + B2 0,2 12 © 3
I - 2 ¢
cos-2- 902 2
Thus
Q
‘e ] 2 2 2
) g n t)BTe H 0 ¢

‘/_9;24_32922

It is now a simple matter to obtain
BQ,
QF + B9,

6.) tan (¢ - ¢°) =

ct
-

2 2 2
tan -}_;‘/Qg + B Q2
and

7.) V-t =(1-B)o t+g-0, .

General discussion of the motion. The zenith angle © has an extremum when 5
vanishes; that is, when B = O or when

cos (7 iAt) =0

)’tAtzg + v,

vwhere V is an integer. Assume for the moment that B # 0. Then from 2.) it
is apparent that

cos OM___.P_@.Q_Z__.AB. , YAt =f+2un

A2
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+
) o

» Yime=Tiu+l) g,

where 6y and 6, are the maximum and minimum values of © respectively,

Using 3'.) and 3'',) it is easily shown thatB2; - h cos © # 0 when ©
vanishes, unless A = h, in which case B= 0. Under the assumption, then,
that B #0, it can be seen from 3'.) that the azimuths ] corresponding to
the various times when © assumes its extreme values, differ among themselves
only by multiples of 7.

Figure 108 is a schematic drawing of the trace of the gz -axis on a unit
sphere about the origin, £ 20 P and LZ0 P, are €M and €y respectively,
Let Z be moved along the great circle arc P2 to a new position Z'. Let
< Z2'0z be denoted by €', and 4Zz0z' by o . Then if z is close to, but not
coincident with, Py:

,'9-9'[ La,
whereas if z coincides with}’M:
’9-9'I=d-

Thus © - ©' has an extremum when z coincides with Py, and o - e! van-
ishes. Since at this point_© also
vanishes, it is clear that &' - o,
and that @' has an extremum,

Similarly €' has an extremum
when 2z coincides with Pp.

Obviously, changing the axes of
reference has no effect on the actual
path of the z-axis in space. Suppose,
then, that Z be moved along Py Z
to the point midway between Pp and Py.
Then as Z approaches its new position,
OM and 6y approach a common value, and
B> 0. Thus if the (X, Y, Z)-axes be
chosen with the new orientation, B =0,
and

X

[»X)

I

o
-

Fig. 108, A schematic diagram
of the curve traced by the pre-
cessing of the missile axis
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or ©' is constant:

o' =0, .

The prime superscript will be used consistently to denote quantities re-
ferred to the new (X, Y, Z)-axes.

Equation la.) becomes:

- ¢! sin @ (¢* cos &' - BR,) =0 .

The case in which ;5' sin €' = O is that in which the direction of the z-
axis is fixed, and the rocket merely spins about this axis. Otherwise

g =82
cos O

Then from 1b.):

BR,=h' cos ' ,

and

*

¢‘ = h' = Q¢| ’
where .Qg" = 5.25‘(0).
¢‘ - ¢o' = .Q¢l t .

Also

W + h' cos O = £,

= (1-8)Q
U Y =(L-PI2. ¢ .
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Collecting formulas

e' = arccos _5_5_?_@_
h!
8.) g - ¢o'=9¢'t

llf..llfo' = (l —ﬁ) 'QZ t.

These relations show that, relative to its center of mass, the motion of a
rocket spinning about its longitudinal axis » consists of the spin alone, the
rate of which remains constant; or consists of the spin plus a precession of
the spin axis at a constant rate about a fixed direction in space, the incli-
nation of the spin axis to the precessional axis remaining constant.

The actual determination of rocket aspect, The discussion above can be made
the basis of a means for determining the aspect of the rocket at each moment
during the free fall portion of its flight above the atmosphere. It is suffi-
cient to determine the angle © as a function of the time, and to measure @ , t,
This can be done by means of gyroscopes suitably mounted in the rocket,

From such data one immediately obtains 2z, 6m, and ©y. Then

h8 R,

» =3 (cos 6, + cos GM)

_i__—_ 4 (cos 6, - cos oM)

A— _ ésine _
3
[ﬁg,(ﬂz._ cos 9)2]°
A2 A2
B-B .1
A
p_ hBQ, A2

A% BR2,

The constant ¥ can now be determined, and ¢ - @o and W-U can be obtained
from 3',) and 4.).

If B2, - h cos 6 never vanishes, the zenith angle of the axis of pre-
cession is given by #(6y + 6,), and the inclination of the spin axis to the
precessional axis is }(oM - Qms. On the other hand, if Bk - h cos © changes
sign as © varies, then the zenith angle of the precessional axis isi(ey - Sn),
and the inclination of the precessional axis thereto is 3 (e + op).




CHAPTER XI

THE TELEMETERING SYSTEM

by
S. W. Lichtman, J. T. Mengel and C. H. Smith, Jr.l

INTRODUCTION

The March 7 V-2 firing was the eighteenth in which the Naval Research
Laboratory telemetering system was used. The system, designed, installed
and operated by the Laboratory specifically for use in the upper atmosphere
research program, was also employed in all seventeen of those previous flights
in which telemetering played a part. An account of the progress made in the
early stages of the program was given in earlier reports of this series.2

Since the last report, a considerable advance has been made toward im-
proving the performance of the telemetering system, including the establish-
ment of a permanent telemetering ground station, and the development of an
automatic pre-flight calibrator. Design changes in the present system in-
clude the use of circular polarization, and of a turnstile antenna. In addi=-
tion, a new system employing pulse matrix principles has been designed and
is now under construction. It is anticipated that it will be ready for use
in April 1948.

The telemetering ground station is described in Section A of this chap-
ter. The preflight calibration procedure is detailed in Section B and the
receivers and servo-controlled receiving antennas are taken up in Section C.
A discussion of the recent improvements in the rocket-borne transmitting an-
tennas is conmtained in Section D. An operational report on the firings from
December 5, 1946 through March 7, 1947 is given in Section E. The improve-
ments contemplated for the remainder of 1947 are discussed in Section F, and
a general description of the new pulse matrix telemetering system is present-
ed in Section G. :

lthe accomplishments and developments described in this chapter are the re-
sult of the combined efforts of the members of the Electronic Instrumentation
Subsection of the Rocket-Sonde Research Section. The authors wish to mention
particularly Messrs. V. L. Heeren, P. R. Shifflett, K. M. Uglow and J. Y. Yuen
for their contributions to the ground station developments; Mr. R. E. Taylor
for his work on the rocket-borne antennas; Mr. D. G. Mazur and Mr. H. A,
Strothers for their assistance in the design of the new pulse matrix system;
and Mr. J. R. Kauke for his part in establishing the present ground station
in a permanent building and in solving many of the operational problems en-
countered at the White Sands Proving Grounds.,

2Naval Research Laboratory Report No. R-2955, Chapter II, Section C
Naval Research Laboratory Report No. R-3030, Chapter I1I, and
Naval Research Laboratory Report No. R-3120, Chapter III, Section B.
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A, The Ground Station

The telemetering ground station at White Sands, formerly mounted in
mobile trailers, is now housed in a permanent concrete block building, This
structure, shown in figure 109, is situated on a rise of land which is 9 km
(6 mi) and 5° west of north from the launching site. It contains two com-
plete telemetering stations, radio communication ftacilities, a darkroom for
film processing, a working area, and storage cabinets. Two telemetering
receiving antennas using four foot paraboloids mounted on servo-controlled
pedestals are mounted on the south side of the roof in a position affording
an unobstructed view of the launching area.

A third station is housed in a K-65 trailer on a rise of land about 800
meters (0.5 mile) to the north of the telemetering building. It is used
chiefly for the training of personnel in the operation of the tracking an-
tennas, receivers, decoders and recording units. In this manner trainees
obtain complete operational experience during an actual flight without en-
dangering the recording of data at the master telemetering stations.

Fig. 109. The permanent telemetering ground sta-
tion building at the White Sands Proving Grounds
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The interior arrangement of the telemetering house appears in figure 110,
and the disposition of equipment on the roof is illustrated in figure 111.
The decoders, receivers, video amplifiers and monitoring oscilloscopes for
stations I-A and I-B are located together at positions A and B, respectively.
The string oscillograph recorders are mounted on a bench along the south wall.
Two of these, labelled R} and Ry, are twenty-four channel Hathaway units equip-
ed with fifteen galvancmeters and two side-marking solenoids. Recorders R2
and R3 are similar, but with twelve channels and twelve galvanometers. The
fifth instrument was built by the General Electric Company. Its six channels
record information pertaining to rocket propulsicn and control. The side
marker solenoids on the Hathaway recorders are used to record one second in-
tervals marked by a Navy chronometer. Take-off time and elapsed flight time
are recorded from the blockhouse master time signal on one of the galvanometers
in each recorder. Figures 112 and 113 are photographs of stations I-A and I-B
respectively, while figure 114 shows the arrangement of the recorders. The
ground station circuitry is essentially the same as that described in the pre-
vious reports of this series.3
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Fig. 110. The interior arrange-

Fig. 111. Disposition of‘e uipment
ment of the telemetering building . o il

on the roof of telemetering building

3Naval Research Laboratory Report No. R-2955, Chapter II, Section C and
Naval Research Laboratory Report No. R-3030, Chapter III,
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Telemetering ground station I-A

Fig. 112,

Telemetering ground station I-B

Fig., 113.
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Fig. 115. The radio communication station located in the telemetering
building. Parts of the two ground stations may be seen in the background
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In addition to the two telemetering receiving stations, a complete
radio communication station is housed in the building. It is located at
positions C and D in figure 110, and is shown in detail in figure 115. This
service is used during telemetering test periods for communication with head-
quarters and test aircraft, and for relaying information to other Naval Re-
search Laboratory sites farther up the firing range. A similar communication
station is mounted in the trailer which houses the third telemetering ground
station.

The telemetering record is made on film which is developed and processed
by the New Mexico College of Agriculture and Mechanic Aris, under a contract
with the Office of Naval Research. The college maintains a master storage
file of all film records of the various flights. Prints of these are fur-
nished upon request to any participating agency concerned. A file-of record
prints and analyses is also maintained at the Naval Research Laboratory.

The success of the firing is determined, in part, by the quality of the
telemetering records. Complete operational testing of the telemetering system
before each firing therefore includes the making of sample records. It is
necessary that these be developed and processed as rapidly as possible, so
that a check on overall system performance can be made immediately before the
flight. Accordingly, complete developing and processing facilities are pro-
vided in the telemetering ground station building. The darkroom appears at
E in figure 110, It is equipped with Smith developing tanks, means for mix-
ing developer and fixer, and special equipment for the development of 24 cm
(9.5 in.) film in lengths up to 60 m (200 ft). A normal pre-flight test in-
volves the wse of 150 m (500 ft) of film,

Power is supplied by an M-18 motor generator unit capable of delivering
10 kva of 110 volt, 60 cycle a-c power, A similar unit is maintained as an
alternate, to serve in case of a failure of the main supply.

During the first two cycles of V-2 firings, several auxiliary methods of
recording telemetered data were employed. These included a camera which photo-
graphed the meter panel, a continuous film camera which recorded the video pre-
sentation on a cathode ray tube, and a wire recorder which made a record of the
video output.

However, satisfactory records were furnished by the Hathaway instruments
during each of the tlights in that series. This form of record was also the
most suitable for purposes of analysis. Its dependability and superior reading
characteristics led to the decision to dispense with the alternative recording
methods. Accordingly, beginning with the third cycle of V-2 firings, only the
primary recording system was employed.
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B. The Calibration Procedure

The telemetering system must be calibrated before each V-2 flight. Each
link which transmits data voltages must be checked. The data voltages them~
selves must be calibrated with respect to the quantities under study, and cal-
ibration curves must be drawn for each measuring instrument. This part of the
procedure is conducted by the interested agency, and is independent of the cal-
ibration of the telemetering link. Telemetered data are represented on the
final record by lateral deflections of lines which run the length of the film.
The amount of deflection must be calibrated against the original data voltage
which it represents. The data voltages change form several times in the telem-
etering process, hence the system must be adjusted at each point of change in
order to insure that all voltages remain within the acceptance ranges of the
various components, and to make the operation of the system as nearly linear
as possible. The large number of telemetering channels multiply the number
of adjustments which must be made. To make adjustments and calibrations as
accurately and rapidly as possible special methods were developed, and spe-
cial equipment was désigned and constructed. A typical calibration is de-
scribed below,

The pulse spacings of the time modulation in the airborne transmitter
are adjusted so that 50 and 200 microsecond intervals correspond to data
voltages of O and 5 volts, respectively. The two extreme voltages are ap-
plied alternately to each channel, and adjustments are made until the correct
pulse spacings are obtained. These adjustments are performed in sequence
from channel 1 through channel 23,

The next operation in calibration is to adjust the channel outputs from
the ground station decoder to vary from 2 to 27 volts as the data voltages
vary from O to 5 volts. The minimum value of 2 volts was chosen in prefer-
ence to the O volt level in order to allow for drift. This is necessary be-
cause negative voltage outputs are clipped, and the corresponding information
is lost.

When adjustments are completed, the Hathaway recorder in the ground
station is operated, and calibrated voltage levels are inserted into each
channel of the airborne transmitter in 0.5 volt steps from O to 5 volts. In
this way a check is made on the linearity of each channel. During an actual
flight, an absolute voltage calibration is obtained by alternately applying
two known voltages to each channel at intervals of approximately 10 seconds.
These voltages afford a measure of any slow drift in the system, and provide
a true voltage calibration throughout the transmission.

In order to obtain a more accurate and rapid means of calibrating each
channel in the overall system, a preflight calibrator was constructed. A
circuit diagram of this device is shown in figure 116. The connections to
the telemetering channels are made through two AN-3108-20-IP connectors which
are attached to the airborne unit in place of the leads from the measuring
instruments. Calibration voltages are inserted into each of the channels in
0.5 volt steps from O to 5 volts, each half volt step being adjustable. The
adjustability makes it possible to compensate for variations in the supply -
voltage, which ranges from 5 to 7 volts.
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Manual selection of the voltages is made by means of the selector
switch, SW-3, and manual selection of the channel to be calibrated by SW-4.,
A O-to 5-volt precision d-c meter, having an impedance of at least 200 ohms
per volt, is connected to the weter terminals to indicate the voltage select-
ed by SW-3., The impedance of the meter does not affect the calibration, pro-
vided it remains the same from the time the voltages are adjusted until after
the calibration is completed. SW-2 is a microswitch for measuring the supply
voltage at the 5 volt tap point. It is also used in making those telemeter-
ing system adjustments which require the alternate application of O and 5
volts.

All telemetering channels are not calibrated simultaneously due to the
presence of cross-talk. The interference is most severe between adjacent
channels. The channels are therefore calibrated in groups of two or three,
as shown in figure 116. Those within any one group are separated from each
other by at least nine intervening channels. A 1000 ohm shunting resistor
is employed to reduce any error which may be due to differences in the chan-
nel input impedances. The maximum possible error is = 0.5%, a negligible
quantity in this operation. Since it is proportional to the calibration
voltage amplitude, its effect is further reduced by the two reference volt-
ages which are transmitted periodically during each flight.

When switches SW-3 and SW-4 are in the automatic position, the opera-
tion of switch SW-6 causes the two telephone stepper relays K-8 and K-9 to
make proper voltage and channel selections. Relay K-9 makes the voltage
selections, and relay K-8 makes the channel selections. When K-9 is in
starting position, terminal A is grounded through terminal B, providing a
zero calibration point. When the selector arms of K-9 advance to step 1,
terminals A and B open, and the selector arm of the first bank of contacts
chooses the 0.5 volt calibration voltage. As the arm advances from step to
step, the calibration voltage increases in steps until the 5 volt point is
reached. The contacts of the first bank of F-8 are connected to the ten
groups of channels, respectively. The starting position for K-8 is position
1. This insures that at least two channels will be connected at all times
and, therefore, that a more nearly constant impedance will be presented to
the voltage source. During the calibration process, the selector arm of K-9
passes over all positions for each setting of K-8. This gives an eleven-
point calibration for each group of channels. When the calibration of all
channels is completed, the action of the relays stops automatically.

Certain features have been incorporated in the automatic drive to make
the operation of the system more convenient. When the 24-volt power is
connected and switch SW-5 is turned on, all the actions follow automatically
after switch SW~6 is pressed and released once. The stepper relays first
are released to the starting positions, and then are advanced through the
set of operating positions. The action of the network then performs the de-
sired calibrations. When these are completed, the action of the relays
ceases automatically. The timing of the relay actiocns is a very important
factor in the process. The actions of the relays during and after the times
at which switch SW-6 is depressed and released will now be described in the
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same sequence in which they occur. Throughout the discussion, reference is
made to figure 116.

Action 1., The pressing of switch SW-6 causes terminal C of that switch to be
grounded through terminal B. This, in turn, grounds one terminal of the coil
of relay K-2, closes the relay, and supplies 24-volt power through all five
pairs of terminals. Terminal F of K-2 supplies power to relay K-7, closing
it. Power is applied through terminals B and D of K-2 to the release coil

of K-9, and through terminals B and C of K~7 to the release coil of K-8. The
selector arms of both stepper relays are released and returned to their start-
ing positions from whatever random positions they may be occupying. The start-
ing position for K-9 is below step 1, while the starting position for K-8 is
at step 1. When the selector arms are in the starting positions, terminals

A and B of both stepper relays make contact, and terminals B and C break con-
tact. This disconnects the ground return of relay K-1, which had‘been made
through those contacts. However, terminal A of K-2 supplies power to K~3,
closing it, and causing terminals B and C to make contact. This provides an
alternative ground connection for the coil of K-1., Terminal J of K-2 supplies
2L~volt power to the other side of coil K-1, and K-1 closes. Terminal J also
supplies 24-volt power through A and B of K-5 to position 10 in each stepper
relay, and, through terminals A and B of K-4, to the coil of that relay. The
ground side of K-4 is disconnected because SW-6 is not in its normal position.

Action 2, Switch SW-6 is released, breaking the ground connection to K-2,
thus allowing this relay to open. Power is disconnected from the release
coils of the stepper relays, making them ready for the stepping action., Pow-
er is also disconnected from the coils of K-3 and K-7, however, because of
their delayed opening characteristic, they remain closed until shortly after
action 2 is completed. The ground connection of K-l remains closed, and 2i-
volt power is supplied to the coil of K-l through its terminals B, C, E, and
F. All 24-volt power passes through thege terminals during each of the sub-
- sequent actions, due to the fact that relay K-2 remains open. The releasing
of SW-6 also restores the ground return of the coil of K-4. The 4 Mf con-
denser in parallel with K-4 charges, causing this relay to close. The 24~
volt connection through its terminals A and B is broken, but K-4 receives
power from the condenser until it is discharged. Terminals B and C of K-4
make contact and relay K-5 is closed. Terminals B and C of K-5 make contact,
and power flows from terminal C of this relay, through B and A of K-6 to the
stepper coil of K-9. The selector arm is advanced to step 1, and terminals
B and C of K-9 make contact, providing another ground return for K-1.

Action 3. Relay K-3, having been held closed since action 1 by its delay
characteristic now’ opens, breaking the first ground return of K-1l. The sec-
ond ground return is still maintained through terminals B and C of K-9.

This action occurs one-quarter of a second after action 2, Relay K-7 opens
a half second after action 2,

Action L. The condenser in parallel with the coil of relay K-4 becomes ef-
fectively discharged about one-third of a second after the relay closes. This
allows K-4 to open. Power is disconnected from K-5 and this relay opens, The
condenser in parallel with the coil of K-5 prevents sparking at the B-C con-
tact point in relay K-i4, however, its capacitance is too small to delay ap-
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preciably the opening of K-5. Power is disconnected from the K-9 stepper
coil, and the stepper lever relaxes, The condenser across K-9 prevents
sparking at the B-C contact point in relay K-5,

Action 5. When K-4 opens, the 24~volt power again charges the condenser in
parallel with its coil, in approximately one-tenth of a second, whereupon
the relay closes, Power is again supplied to K-5, and it closes and allows
power to flow through terminals B and A of relay K-6 to the stepper coil of
K-9. The selector arm of K-9 advances to the next step. K- opens and
closes at the rate described in actions 4 and 5 until the entire calibra-
tion has been completed.

Action 6. Actions 4 and 5 are repeated alternately until the selector arm
of K-9 reaches step 10 in the course of one of the executions of action 5.

Action 7. As in action 4, relay K-4 opens, allowing relay K-5 to open. The
stepper lever of K-9 then relaxes. When K-5 opens in action 7, however, 24-
volt power passes through its contacts B and A to position 10 of K-9, and
thence through the selector arm to the coil of K-6, closing that relay.

Action 8. As in action 5, relay K-4 closes, closing K~5, Power is dis-
connected from K-6, but its delay characteristic keeps it closed for an ad-
ditional one-quarter second period., When K-5 closes, power flows through its
contacts B and C, thence through contacts B and C of K-6 to the release coil
of K-9. It then passes through contacts A and B of K-7 to the stepper coil
of relay K-8, The selector arm of K-9 is released to the starting position,
and the selector arm of K-8 is advanced to the next step. To prevent spark-
ing, condensers are placed in parallel with all stepper and release coils of
relays K-8 and K-9., Although the ground return of K-l which passes through
B and C of K-9 is now broken, another ground return is completed through con=-
tacts B and C of K-8 because the selector arm of the latter relay has advanc-
ed out of the starting position. Relay K-6 opens 