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ABSTRACT

This report gives an account of the Rocket~Sonde Research Program of
the Nava_ 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 #Ycles 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 V2 during
the March 7 flight are described. Photography at very high altitudes ia

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
spect.rograms obtained on October 10, 1946, Finally, there are discussious
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.
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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 (10). miles) and was within a
quarter of a kilometer of the peak of its trajesctory.
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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 focuces 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
& paper which was read before the Annual General Meeting of American
Fhilosophical Socjety in 1947, and later published in the Proceedings of
that institution.® The report as a whole deals principally with the re-
sults and methods associated with the Naval Ressarch 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 Leen 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 censity 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 ot 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
HIGH 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 corstitution 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 ty 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 Frarklin 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 40 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, A source book in astronomy, New York.,
McGraw-Hill, 1929.

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

3Fleming, J» A., Terrestrial magnetism and electricity, 149, New York,
MeGraw-Hill, 1939,
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or of very large balloons such as were used in the Explorer flights.k4,5
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 bick many centuries, the utilization
of one which would carry sufficient weight to conduct an experiment did not ,
seen 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 thal 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 ot 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 sufficlently large that it could carry a payload
much greater than any research worker had hoped for.

The work on the uppsr 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.6s7:3aé To those . .

Lo'Brien, 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. §. Stewart, Jr., Vertical dietribution
of ozone in the atmosphere, part two: Spectrographic results of the 1935

g, g~ o e my ows e
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E!q flight, N. G, S. Contrib. Tech. Papers, Stratosphere Series 2:71, 1936.
ey

E} 6Upper atmosphere research report no, I, Naval Research Laboratory Report
ol R-2955, 1946,

u_\ JI: )
La™ ! TNewell, H. E., and J. W. Siry, Upper atmosphere research report no. Il .
2 b ?

R Naval Research Laboratory Report R=-3030, 1946. :
|4.‘\'l'\ o ~':
p}j 8Upper atmosphere research report no. III, Naval Research Lahoratory Report {jQ
!:::\:2 R- 2120, 191*7' .:11::.
Y S
?;';‘f SUoper atmosphere research report no. IV, Naval Research Laboratory Report |
G R=_.71, 1947, F




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 necossary new techniquea could sasily have consumec 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 hss 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, ard optical methods, are the
responsibility of the Ballistic Research Laboratories of the Aberdeen
Proving Ground. .

The actual upper atmosphere work is conducted by various insti-

tutions inaluding the Air Material Command, involving the University

. of Michigan and Watson laboratories, 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 Naticnal Bureau
of Standards, Harvard University, and California Institute of Tech-
nology. All of the work is coordinated through a V-2 Pamel which
consiste of members from most of the above named institutic.s and
agencies,

.
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> Just to refresh your memories I might point out a few of the 2
= characteristics of the V=210, Figure 1 shows the V-2 on its launch- g
) ing platform. It stands about 46 feet high, has a total weight of
e 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, N
jj}j Stabilization is accomplished by a set of carbon vanes placed in the N
Jet, aided by a set of air vanes in the fins. Fixed gyroscope P

o stabilization is maintained in azimath, and a gyroscope program n
\Q control feeds a predetermined tilt program to the fins, When the 5
:!.'t. rocket motor is started, the rocket begins to rise slowly as soon K
hoY as the acceleration due to the thrust exceeds 1 g, Since a rocket '
E_\ motor of this type is a constant thrust device and since the mass -
- is constantly decreasing owing to fuel consumption, the acceleration [~
o gradually increases until after about 60 seconds it reaches a value g
N of 6 g. At this point the fuel is completely consumed, the missile .o
R is out of the denser atmosphere and it proceeds on a trajectory N
=3 which is a function only of its position and velocity at the time of o
e fuel burnout. Up until the time of burnout it is, as previously .o
- pointed out, completely stabilized., Thereafter, since it is out of =
o the atmosphere and since no more jet power is available, no further <
oY stabilization is obtained, The result is that any accidental ',—j
:i angular momentum imparted during the fuel burnout period produces a N
S roll, pitch, or yaw during the remainder of the free-space flight.
.:-ﬂ Here we encounter the first objectionable feature of the V-2 rzcket O
- as a research vehicle, We find that, in genera), there is a very ™
;'\3 definite roll about the rocket's longitudinal a.is over most of the 1
e trajectory. In addition there have been cases where a definite yaw 3
;}ﬁ and pitch have been observed. The exact knowledge of the missile's -
e attitude after burnout is not complete at present but is the subject .
= of an intensive study, o
= ®
. 3
= -
N R
el 1OSm:l.th, C. H.y Jr., Upper atmosphere research report no, I, Chap. I. o
o General description of the V-2 and the firing program of the Army '.f-jf
: Ordnance Department, Naval Research Laboratory Report R-2955: 7, 1946,
B
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Fig. 1. V-2 on its launching platform. liote the
camera opening in the mids:ction and also the spe-
cial painting on the warhead to facilitate recovery.
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Figure 2 shows the trajectory of the V-2 as it was plotted for a fiy-
ing on March 7, i947. A study of this trajectory brings out a second shert~
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 spend s
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-z 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 antenns, 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 Sifg
months a 30-channel telemetering system using a 300-cycle sampling rate,

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

lepper atmosphere research report no. IV, Chap, XI, The Telemetering
System, Research lLaboratory Report R-3171, 1947.
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Fig. 2. Trajectory curves for 7 March 1947 flight
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information. The roll gyroscope shows no roll since the missile is still
in its stabilized period, The reat of the record is self-explanatory.
o
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o By means of a subcommutator we will be able to extend the number of .

cnannels to 450 using a sampling rate of approximately one per second., o
! The recovery of data by telemetering is not completely satisfactory -
o in all cases., For example, the telemetering of spectrographic data, 0
N although possible, is not very satisfactory. Furthermore in all cases - Nl
: 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 reascns other methods of data .
. recovery are being studied. One of these methods is the use of drag -
t-‘t‘ mechanisms, including parachutes. N
Ny N
'.:-}‘: The use of drag mechanisms for recovery is probably feasible, but \
N considerable devolopment work still needs to be done. The present method N
- of recovery invclves breaking up the missile during its downward flight in o
a such a way that each individual piece coming 2own 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
X equipment even after very high flights will arrive at the earth in fair -f'.j
RN condition, and occasionally will be found completely intact. Thus, for
‘M' example, on our October 10 flight, the spectrograph which was installed in il
¢ a tail fin, was recovered in such a good condition that further calibration -
o runs were made on it in the Laboratory without readjustment. The induced <.
A - breakup had torn the fin loose and it had apparently floated back to the -
o earth., Light pounds of TNT tied to the beams supporting the warhead are -
1 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 } g
the TNT is detonated by the appropriate one of these two methods at an v
N altitude of about 60 km above the earth on the downward flight. A photo- o
AN graph of a V-2 after a 170 km high flight is shown in figure 5, By this N
AN means we have to date recovered four spectrographs (two in usable con- :
o dition), three photographic recorders, four still picture cameras and ten N

motion picture cameras, most of which went to an altitude of 170 km. In wn
all cases the films were in excellent condition, even though in some cases -
[.::: no precautions were taken to protect them on impact. t
o N
f\" Our present program is concerned with four fields of high altitude -:2
& research, namely, cosmic rays; the ionosphere; pressure, temperature, and s
& composition measurements; and astrophysics involving primarily the spect- e
P rum of the sun., A typical layout of chese various experimerts in a V-2 -
e is shown in the sketch of figure 6, A more detailed view of the in- K
e stallations in the warhead and control chamber is shown in figures 7, 8, o
and 9. Beginning at the extreme nose tip of the missile we have an in- e
- stallation for measuring ram pressures, Immediately behind this in the »
g warhead is the cosmic-ray telescope with the necessary electronics below b
ye the telescope. The ionosphere transmitter is directly below the cosmic- o
o ray electronics. Also in the warhead are a timer, remote control switch- ) n
::{Z inz panel, accelerometers, telemetering commutator, batteries, and miscel- -
XN laneous equipment, In the control chamber immediately behind the warhead . j:
S

are the telemetering transmitter, several distribution and testing panels,
@ and the TNT for blowing off the warhead. In the midsection between the

4
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Pig. 5. V=2 after impact, The chances of recovery of film cartridges o
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and other recorded data from the missile after impact are very good, NS
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Pig. 6. Cutaway sketcn of the V-2 as it is used for upper atmosphere research
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Fig. 8, Sketch showing bottom
half of warhead, including cos-
mic-ray electronics, ionosphere
transmitter, various pressure
gauges, and miscellaneous equip-
ment

»

Y Fig. 9. Sketch showing chamber
5 below warhead including teleme-
O tering transmitter and distribu-
o tion panel
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alcohol and oxygen tanks, two cameras are mounted for taking pictures at :::T
intervals on the way up., The cosmiz-ray film-recording camera is mounted S

on one of the motor supports immediately below the oxygen tank. The <o
spectrograph is mounted in one of the fins and is provided with a fairing E
to maintain the necessary streamlining of the fin, At the extreme tail end
of the missile are mounted the various antennas for telemetering, ionosphere,
ard emergency cutoff equipment. I should now like to discuss each of the
various experiments at greater length,

COSMIC RAYS N

There are many cosmic-ray experiments that one can perform even in a b:
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, T
(1) a determination of the nature of the primary radiation (heretofore the o
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- o
mental reactions taking place as the primaries pass through the atmosphere, ﬁ
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 S
atmospheric pressure of 2 cm of mercury. These experiments 13, 14 had e
determined the distribution of the total as well as the "hard" cosmic .
radiation through the atmosphere, and they indicated that even at pressures A ﬁ
as low as 2 cm of mercury the primary radiation had already reacted with o=
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 R
this time §enerally considered to be protons by most workers in the
fieldl4s 15) and also of passing through the very interesting region in "
which the ultranucleonic transformations, which result in mescn oroduction, o
take place. One of the latter was assumed to be the very important and ~

funrdamental 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,
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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,

lhschein, 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,
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lsJohnson,AT. H., Composition of cosmic rays. Evidence that protons are y
the primary particles of the hard component, Rev, Mod. Phys. 1l: 208, 1939,
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Four different cosmic-ray experiments have been successfully performed
to date in four different flights,16, 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 cosnmic 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 akout one cut 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 r

should like to discuss in greater detail.

The third experimentl8 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 R
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 i
the experiment, conducted in the same flight, tested for penetrstion
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
A at least this component was not primary (if the improbable case is exclucded
that it consisted of nuclei of high atomic number), It has been suggested19
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 3
first plate, the second plate, or both, An upper limit to the relative "
nunber 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

v ETTWSY . - -
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léGolian, S. E., E, H, Krause, and G. J, Perlow, Cosmic radiation above ;

forty miles, Phys. Rev, 70: 223, 1546. =

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 P

above the earth's atmosphere, Phys., Rev, 71: 325, 1947, -
Qij %heeler, J. A., Private communication of August 26, 1946, .
; ; 20Golian, S. E., and E, H. Krause, Phys, Rev. 71: 918, 1947, N
h“s 21Howland, B., C. A, Schroeder, and J, D, Shipman, Jr,, Electronics for t
ﬁfg cosmic-ray experiments, Rev, Sci. Inst. 18: 551, 1947. >
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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 experiment20 consisted of a counter tube teles~ope
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
inounted vertically in a specially designed warhead so that it looked
directly through the warhead nose as shown in figures 7, 10, and 1ll.
The heavy lead shielding around the lower half of the telescope was
introduced in an attempt to reduce the number of rockst showers found
in previous experiments., This shielding, in conjunction with the ab-
sorbing lead plates, was sufficient to eliminate most of the registered
rocket gshowers 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 fouad 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 genith an-
gle. A total of 59 per cent of the particles penetrated 12 cm of lead.
The remaining 16 per cent was zbsorbed in 12 cin, In all cases the larg-
er portion did not produce showers under the lead. Thus, primary elec-
trons would be ruled out since thess 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 ener-
gles associated with the primaries should preduce some type of reaction
below 12 cm of lead unless, of course, neutral particles are involved.
If we ansume 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 gent
of the primary; the non-electronic component abscrbed in 12 em 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 1l1.5. The ratio of the hard component
(that which penetrated 6 cm of lead) in free space to that at sea lsvel
was 9.0,
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Fig. 10. Schematic of counter
telescope arrengement in war-
head for the 7 March 1947 missile

»
g o
NTE TP PP TP |

.4..!....?

10

aalaaaal

]
Lia

SCALE N CMS.

19

ALUMINUM
0,23 THICK

Fig. 11. Photograph of cosmic-
ray telescope in 7 March 1947
missile
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ASTROPHYSICS AND COMPOSITION

Because the earth's atmosphere had limited sggctroacopic observations
of the sun to a lower wavelength limit of 2863 A,<< 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 sble to pierce the ozone layer and, because of the ozone ab-
sorption btand 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,23

A rocket which reached altitudes of 170 lm and higher should prove very
valusble in further solar spectral studies. To get such a spectrum and at
the same tiue to >t more constructive information on composition of the at-
mospher'e, a special vacuum grating 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 sc as to ninimize 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 expsriments 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 m.24;25 The spectrograph (eimilar 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.,

l. 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, 122 185-22i, 1932, ’

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

2hpoum, 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, 1946.

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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T The ultraviolet intensities asg much
| 4000" x SLAGK 80DY less than had been predicted,
b\‘:\ -
N - 2. Fraunhofer Line Analysis. A
S~ large number of fully and partly re-
g N solved absorption minima were ob-
\ served in the region between 2950
o~ and 2300 A, as shown in figure 1.
E Y y Nearly all observed minima are blends
H \\um. from two or more closely spaced lines,
- e but the principal contributors have,
3 in many cases, been identified, Of
; .L particular interest was the uppear-
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
o waee 000 2000 $00 1408 €800 3. Line Shapes. Line widths
WAVELENGTH 4 and intensities are important in
tensity distri- determining excitation conditions in
gtgio?zpriﬁ:;nﬂyyn:btiimd from the sun, and necessary to an under-
spectra of 10 October 1946 standing of the fundamental processes

occurring there, Considerable infor- T
mation on this supbject is contained
in the spectra. Full analysis and
v vation of conditions in the sun s WTRAVILET SPR
%’ - require another year or more of OLAR AVIGLET SPRTRUS
in. -sive work. ;20_9-2300 ANGSTERIMS

"

4, Ozone., The variations of the
spectra with altitude for the 10
Octole flight are shown in figure 15,
The eftect of the absorption of ozone
can . 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

o of the 1936 Explorer II balloon flight

:«.::-. are shown for comparison.” The balloon PMig. Li. Fraunhofer spectrum obtain- ‘,
NS data above 22 km are based on an indi-  ed in 7 March 1947 missile - first ;
e rect method and lack the inherent ac- photograph with such high resolu- \
i curacy of the direct method employed tion in the region below 2500 4 ;
Y :

26Durand, E., and R, Tousey, Upper atmosphere research report no, I1I,
Chap. II, Naval Research Laboratory Report R-3120, 10, 1947.

27Ibid,, 11. ;
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ALTITUDE (KM)

3400 3200 3000 2800 2600 2400 2200
~ ANGSTROM UNITS

Fig. 15. Composite spe.tra showing osone absorption band. The
spectrum at 88 km actually extends as low in wavelength as at 55 kn
but because of lower intensity it cid not reproduce in the print,

from the rocket., Further data are required to determine whether the dise
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,?8

¢« B ¢ A & N e cr 4 - .-

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

Future experiments in this field will aim at still lower wavelengths ,
and greater resolution,

Fig. 16. Vertical ozone distribution.
The double layer is rather unusual
tut kas been reported previously,
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28Glst'.z, F. W. P,, Der Stand des Ozonvroblems, Vjs, Naturf,, Ges, Zurich 89:
250, 1944,
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- PRESSURE AND TEMPERATURE .
n EAPERIMENTS 7
S
" Actual measurements of pressure and temperature in the upper atmos-
&:Z-‘ phare have besn made for many years by various methods. Balloons reguiarly B
o~ obtain this information up to 30 km, Above this altitude {lrious indirect
methods have been used, including measurements gn meteors, 9 sound range -

R0y measurements of large explosions,30 and others.
b= ! ‘..
E-E';" Although we have a vehicle which will carry us to an undreamed of al- .
i titude, the problem of measuring such basic quantities as pressure and tem- v

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 riose of the V-2,
For the velocities involved this temperature is higher than 1000° C.

R 4

s .
s,

~

Our attack on the problem to date has been tv measure the so-czlled ram
pressure at the nose of the missile and the prevsure at a point on the side N
of the missile at which, according to wind tunnel tests, the pressure is with- ™

ol QR
¥ f.-" "‘5‘..- ,‘.

in a very small percentage of ambient. Since a pressure range of 108 is cov- -
o ered in a normal flight, it is necessary to use various types of gauges. The Py
E.-::. range from atmospheric pressure down to about 1 cm of mercury is covered with -
! a bellows gauge; the range of 2 cm mercury to 10~3 mm mercury is measured with ,"\-
L Pirani gauges 1 while the region of 10-3 to 10~5 mm mercury i3 studied by means "
! of Philips gauges32 and ionization gauges.33 The most complete measurements [
AN to date were obtained on flights in October 1946 and March 1947.34,35
A\ ] -,
o -
— 29Whipple, Fred L., Meteors and the carth's upper atmosphere, Rev, Mod. Phys. ;:!
1"::l‘ _}2_: 2‘;6"26‘0, l9h3| .‘\'
s X
e 30Gutenberg, B., The velocity of sound waves and the temperature in the strat- i
e osphere in Southern California, Bull. Am. Met. Soc. 20: 192, 1939. )
Aly »
u 318t.rong, J., Procedures in experimental physics, 145, New York, Prentice-Hall, &
<.'? lc)MO .
.&' 32Yarwood, J., High vacuum technique, 29, London, Chapman and Hall, 1945.
e .
N 33strong, op. cit., 143. =
' [
o 3LBest, Nolan R., Eric Durand, Donald I. Gale, and Ralph J. Havens, Pressure ot
.\:_ and temperature measurements in the upper atmosphere, Phys. Rev., 70: 985, 1946. o
I" . r .
) )
Oy 35Beut , N., R. Havens, and H. LaGow, Pressure and Temperature of the Atmosphere R
P 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 goduccd to ambient
preasvres by use of the theories of Taylor and Maccolld gave values up to
120 km altitude., Pressure measurements vbtained by these two methods are
shown in figure 17.

Temperature measurements are of two types: (1) measurement of ambient
temperatures and (2) measuroment of skin temperatures and temperatures with-
in the missile. The direct measurement of ambisnt 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
obtain Mach number from the ratio of rar 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 i1s a plot of the temper- .

- =T ~T T - .W
! R DATA CALGULATED FROM SLOPE OF PRCSSURE .
\ cuRve ‘
© DATA CALUULATED FROM RAM PRESSURE. '
- 4 RMALLOON DATA
\ N - j1 N
\ \\ 1 o j P S
A ] N eI A //
_l<\ ] \\ 1 /‘/ V |
7 ~NAGA | ;
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Fig. 18. Variation of temperature =

‘ :11:;! Ht..itx::hum of preasure iy o :l
:iﬁ 36Taylor, G. I., and J. W, Maccoll, Proc. Roy., Soc. 139: 278, 1922,
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e atures derived by these methods. Shown also are the temperatures measured
u by means of a weather balloon released within an hour of the time of Sglxe
e rocket's flight. For comparison, the NACA estimated mean temperature’! is
:-r\':- inciuded on the curve. Probable error is 125° from 50 to 60 km, 1150 at
S 65 to 70 km, and +£20° at 72.5 km. The probable error above 100 km is

+40° Temperatures calculated from ram pressures for altitudes between 10
and 20 lan 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.

‘uy Two platinum resistance temperature gauges were installed to measure
ff.:-f‘. 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 129 t 50 C,

On the O.1 inch ateel section immediately behind the sluminum,” the temper-
- ature rise was 85 +5° (G,
L\;c,
R
P IONOSPHERE
"
S
R It is now possible to extend further our knowledge of the ionosphere38
:\\: by utilizing rockets to make measurements within the ionized region of the
W upper atmosp.ere,
B
= The value of experimental methods utilising rockets may be shown by a
NN consideration of the purameters involved in the simple approximate express-
N ion for the index of refraction in an ionized medium, neglecting the earth's
o magnetic field.

$hY

'li (1) h

o 1 -
n“:‘_.w n= - w:m
i'i-:f

) n: Index of refraction

N: Ion density

:.:::: et Charge on the ion

::\.::\» ) m: Mass of ion

) w: Angular frequency of radiation.,
oY

3Marfield » Calvin N., Tentative tables for the properties of the upper
Sty atmosphere, National Advisory Committee for Aeronauticu, Technical Note
= 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 refractidn consists
of the transmission of two or more harmonieally 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-
cles 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 critical
frequency predicted for the regions which the rocket will penetrate. For
the latter freanency, as may be seen from the equation, thes index of refrac-
tion will approach sero, and as a result the velocity of piropagation 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 lonosphere, the rate of change of phase between

the two signals as received on the grourd is & function of the missile velocity

and the index of refraction for the particular frequency at that point, 40
This allows the determination of the index of refraction for the low frequency
48 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 altituds of approximately 110 km and at several points above
that up to 128 lm.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

hoBeddon, J. C. and J. W. Siry, Upper atmosphere research report no. I, Theo-

retical discussion of the icnosphere experiment, Naval Research Laboratory
Report R-2955: L9, 1946,

leurnight, 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 curvec will be corrected accordingly. There is some reason to be-
lieve at this time that the sudden drop at 65 lam 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 illustrates very clearly the differ-
ent types of complex beats obtained. The phase beat frequency first became
apparent at about 43 lm altitude and remained at a low value up to about 84
lkm, 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 11l km the bsat frequency is lost owing to
loss of the 4.274 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 invaluzble 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. ’

MISCELLANEOUS

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 plcture. 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

42Bergstralh, T. A., Photography from the V-2 rocket at altitudes ranging up

to 160 kilometers, Naval Research Laboratory Report R-3083, 1947.
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Fig. 21. A composite picture made up of three separate
photographs taken -at an eltitude of 162 kilometers (10l miles).
This picture covers approximately 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 Insvitute of Techriology, 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 moteors and as & 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 straina of rye sesds, corn ceeds and
fruit flies have been taken to altitudes of 170 im to determine whether
radiation above the atmosphere might produce mutations. The order of mag-
nitude of cosmic radiation was, of course, kncwn 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 have 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 intensity 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 te 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 bstween 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 7V-2's on hand to last for another two Years. Because of
this, numerous long range experiments are planned which are more corplex
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 astroncmeris telescope. When one considers the large amount of work
that has been done by the astroncmers 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,
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CHAPTER II

THE THIRD AND FOURTH CYCLES OF V-2 FIRINGS

P LA & B

by
J. W, Siry

DS T SR VTR R

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.
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The opening of cycle III stood in striking contrast to the first :
flight of the secord cycle of V-2 firings., The firing of missile 15, <
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 obe
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,
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B LR L
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The missile rose to an altitude of 153 lm (95 mi) and traveled 211 km
(131 mi) horizontally, The impact irea 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 i0 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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. TARLE I
SUMMARY OF THE THIRD CYCLE OF V-2 FIRINGS
: Y. December 5, 1946 through February 20, 1547
“ Altitude Range

F F e T@WER ¥ @

-y

Firing Date Research Agencies Kkm, Mi, Kkn. Mi. Remarks ;
16 Dec, 5, Naval Research 153 95 211 131 Rocket tilted at .
1946 Laboratory takeoff and tumbled '-
throughout most of -
£light,
17 Dec, 17, Applied Physics 183 1l 31 19 Highest altitude N
1908 Laboratory ttained to date, a
18 Jan, 10, Naval Research 119 74 4 25 Research facilities l
1947 Leboratory of this rocket devoted .
to commic ray studies, g
AMr turst achieved and ;
recovery effected. R
19 Jan, 23, General Xlactric i 2 26 16 Racket spiraled -
1947 Company during flight, R
20 Feb, 20, Air Materdiel 109 68 31 19 Air burst achieved, o
1947 Command @
3
- E
L
TARLE II
SUMMARY OF THE FOURTH CYCLE OF V-2 FIRINGS .
March 7, 1947 through April 17, 1947 p
[,
, Altitud’  Rango =
Firing Date Research Agencies Kkm, Mi. Km, Mi., Remarks o
.
a Mar, 7, Naval Research 162 1@ 58 36 Improved telemet >
1947 Laboratory antenna and werhead '
employed, Good re- o
sults ob’t;aimd spectro- -
Scopy, photog
. and a;noapherir:pw’ !,
S Pressure studies, -‘;
N 22 Apr. 1, Applied Fhysics 121 1%
*t:-l*. 101 1o hbontw;y L3 27 successtul night,
o8
\,j 23 Apr, 8, Applied Physics 103 &4 1N e Except for low ':
ie2 1947 Laboratory altitude, normal k>
(. 2 Apr. 17, GQensral Rlectric 143 89 72 U5 Normal flight
:_-.3 1947 Company - Signal recovery attempted,
_‘:' corp'
-‘:' 4
s
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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 timerdl 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
radiol 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, It 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.
It had evidently landed in a horizontal position, for it was flatl.ened 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 in 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 maximm velocity, 1,56C 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 gseen 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)
Op. cit., Chapter 1V, Section D.

e et

T Te TS W, T

% 2 SR

LR

1y

v' 5"-*- -l- "— .l- .l

P

»



)

P
(T

LI AL L,
PRI W37 SERS

.’ N

P B
F P a5
ial e

.
«

a
.

B

= e ’s

Fig. 22, V-2 engine as found after the January 10, 1947 flight

LA o]

Fig, 23.

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 III

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 December 5, 1946 were
similar in general plan and arrangament 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 meuns of rocket
breakup led to the decision to discontinue the emplcyment 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 phiotograph the earth and certain external installa-
tions on the missile., Previously, this function had been performed by 16

mn 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 diascussed in
this report. A typical night
installation scene appears in
figure 25,

The Jaauary 10, 1947 rocket
was uvnique in that it was devot-
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-nire Geiger-Muellcr counter
tubes were employed in the two
telescopes, Bach of these iele-
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 e '
8 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 111, (Naval Research Lab-

oratory Reports Nos. R-2955, R=3030, and R-3120.
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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 1lbs), 373 kg (823 1lbs) of which
consisted of steel and lead counterweights added to locate the center of
gravity properly.

Fig., 26, A view ol the January 10 warhecad showing
the locations of a cosmic ray telescore and two of
the photoelectric cells
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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 I1I, a new -
type warhead was designed and constructed to eliminate some of the cosmic -
ray shower production, R

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. ‘h¥s gave a main body 24 cm (33 in.) iong with base dia- :
meters of 60.63 cm (23.84 in.) and 95.57 cm (37.625 in.). A nose cone g
1.264 m (4975 in.) long, with a base diameter of 60,63 cm (23.84 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 instullations in the March
7 missile are given in figure 6, The modified warhead is shown assambled in
figure 30, the main body appears in figure 31 and the nose cone in figure 32.
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Fig. 30. The modified V-2 warhead

[~ used for the first time on March 7,
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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 10~3 mm Hg.

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

T 8. + & 2+ ®B ®»

(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 11. 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,

(" ST-ER T " * 2 f * & =

The main warhead body carried the following equipment, as shown in figures
33 and 8,

(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.

AT " ,° 7 v

s

(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 1ll.

L I " o

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

i WA, s

(e) Three vibration pickup units which measzured 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 transmittes,

S T a "

(g) 4 commutator which was employed in connection with ths tempsrature,
pressure and ionosphere equipments. This unit subcommutated each of
four telemetering channels into 14 sub-channels.

ST,

e (h) Batteries, including a high voltage battery for the rosmic ray

AN telescope, a 3000 volt battery to operate the Fhilips gauge, and batteries
2L for primary power supply. Cne of the latter supplied -12 volts and =24

) i volts to the ionosphere transmitter, another provided the 24 volt power

to the remainder of the experimental equipment, and the third was modified
!!ﬂ into a three section 8 volt battery for supplying filament requirements,
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Tge instrumentation in the control chamber was as follows (cf. figure
9):

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

3
MR 2 B o~ <3N SR 2N

(b) The ARW-17 emergency cutofi 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.

FIr."."¢"

(¢) A gyroscope measured the rate of rocket ~oll., This instrument, a
modified Schwein gyroscope provided with a microtorque potentiometer,
was mounted on the gyroscope plate in quadrant III.

. e - w

(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 e L.

(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,

LR ]
Jr v

The following experimental installations were made in the tail section:

.
S T s UL, Y,

(a) A spectrograph was mounted in fin II in a manner similar to that
employed in the October 10 installation. A Pirani gauge was included
in the spectrograph housing t¢ measure the pressure. The entire fin
was painted bright orange in order to facilitate the recovery of the
spectrograph.

-»

S W Ya g 5V

(b) One bellcws 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,

s

{¢) An ionosphere antenna assembly, which comprised two L-type an-
tennas, was mounted on the fins. Each antenna extended halfway around
the rocket. The supporiing 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 em (6 in.) beyond the edge of each fin.

VIV T T T

(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.

B R % . .8 U L

The overall rocket wiring diagram is given in figures 35 and 36. This
diagram shows all of the wiring for the experimantal equipment installed in
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Fig. 34. The ccsmic 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 1lb)
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.

Previocusly, missile brsakup 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 thes white sands region., The items of interest were found well
separated from the other rocket debris,
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CHAPTER IV
COSMIC RAY RESEARCH ABOVE THE ATMOSPHERE

Introduction

Research 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 eircuitry which was employed to record these results is cescribed in the
next three sections. The basic methods developed are discussed in a paper
which 1s currently appearing in The Review of Scientific Instruments?, and
is given here in Section C. The particular applications of, and modifica-
tions to, these methods which were incorporated in the January 10 and March
7 experiments 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 flight3, was obtained by anti-
coincidence counters (marked with crosses in the figure), 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. 1%, 325 (1947); and S. E.
Golian and E. H., Krause, Phys. Rev. 71, 918 (1947).

%p. Howland, C. A. Schroeder and J. D. Shipman, Jr., Rev. Sci. Inst.
18, No. 8 (1947).

3¢, B. Golian, E. H. Krause, and G. J. Perlow Phys. Rev. 70, 223 (l9h6)
aud 70, 776 (1946). ’ ’ Jhnd
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Fig. 37. Counter
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warhead

P R I e

AL -

ALUMINUM

ALL DIMENSIONS 0,23 THICK

IN CENTIMETERS,

AR Y .. BRlral ey I iaf & T & I I

m
4 = |
1° 0.26 THICK
Fig, 38, Counter-tube 12
telescope arrangement 1y
204 &
]w

[Ta.l IR

’
4 ~ “
4 »

'
-1 L

- )
-

"
.

4 .
o ,

AV L S S}

A AL PO ORI, SRS A —
- Ve ®. - . - e "» " - -
.-\.-_‘-- R -.-‘.
DT S
A A NN

e tm et L LA . St e
. . AtaTr e T Attt e a” vt a™, v " ® e LR
LRI AL A WA VR IPR IR Py 1%y 0L 0 IS I DA i Y



51

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 4 cm, or under both. The soft particles
(runge § 4 cm) had an intensity in “ree space roughly 15 percent of the
total intensity observed in the flight at the Pfotzer maximum.

It seems most rearconable to ascribe this soft radiation to electrons.
On the basis of the cascade theory these will have energies <5 x 108 Qv
for the most part. An extrapolation by Mr. Siry of this laboratory of the
Lersitre-Vallaurta 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 atmospheric layer below,

The existence of such a component was suggested to the group at this
laboratory ty Professor J. A. Wheeler in a private communication some time
ago. It was pcinted out that the slmoust isotropic angular distribution of
the decay electrons from low znergy 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 irtensity must exist and it would
appear that the resu.ts of certain types of balloon experiments reported
in the literature might require some reinterpretation. A search will ve
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-
acticn of the primary cosmic radiation above the atmosphers was performed
in a V-2 fired on March 7, 1947 from the White Sands Proving Ground, New
Mexico, to an altitude of 10Z miles. A ccunter-tube telescope was arranged
So that the percentage of particles penetrating 2 em, 6 cm, and 12 cm of

lead could be determined. The number of Lhieefold showers under these sane
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 33,

The heavy lead shielding around the lower half of the telescone was in-

. o
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troduced in an attempt to reduce the number of rocket showers found in pre-
vious experiments.l4,5 This shielding in conjuncticn with the absorbing lead
plates was sufficient to eliminate most of tLhe 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 unshislded experiments,
This would indicate that these showers must be of non-elecvronic origin. By
the use of eight anticounters 2, 4, and 5 used in groups of 2, 4, 6, and 8
(quantity, not counter numbers) it was estailished that the policing effi-
clency was very good.

The information obtained included the following coincidences and anti-
coincidences: [1,3,6]; [1,396% ‘51; [11316v "'2]; [1,3,6, ‘(2*4"’5)]; [19396’
7+849]); (1,3,6,10+11+12]); [1,3,6,13+14+15); [1,3,6,13+14+15, -(2+4+5)]; (1,3,
6,7,8,9, -(2+4+5)1; [1,3,6,10,11,12, -(2+445)]; [1,3,6,13,14,15, -(2+4+5)].
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 portaon
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 maxdmum 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.

kG. 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 (1, 3, 6,
=2(2++5)] , in free space to that at sea level was 11.5. The ratio of the
hard component, determined by the events (1, 3, 6, 12,1416, -(2#45)] ,
in free space to that at sea level was 9.0,

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

C. Electronics for Cosmic-Ray Experiments
by

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

A method is described for detecting coinciderice betwean the discharges
of Geiger counters., The basic circuit uses diodes as coincidence tubes.
The output from a diode circuii ie 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 coincidente in terms of the pulse width and
circult parameters; in a practical case with a pulse width of 1 § second a
four fold to three fold output ratio of 40 is obtained. Mkantion is alwo
made of a combination diode-pentode ccincidence circuit,

Introduction

The continuing zork av this laboratery and others on cosmic-ray ex-
periments in rockets®;7 has dictated ihe development of new electronic cir-
cuits fur use with counter telescopes. In the German V-2 rocket thue far
employad there has been no serious lim‘tatior on weight, but size and power
consumption are constrained. On the other hand, tks imposaibility 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 © a given counter to
figure in many coircidence 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,

éIbid,, P. 223.
TIbid., p. 776

8y, L. Heeren, C. H. Hoeppner, J. R. Kauke, S. W. Lichtman, and P, R.
Shifflett, Electroaics 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 M
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 K1 will divide evenly among the n diodes. When the cathodes of

v ey o @ 0
.
| 2 >

Py AN A -'_‘4

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- O
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.

several of the diodes are driven positive, the remaining diodes will carry l
the current I, which remains substantially constant, and the rise in plate -~
voltage will be very small, When, however, all the cathodes are driven -

The diode circuit may be used to generate anticeincidences in a mannsg- ,
similar to chat used by Herzog with the Rossi pentode coincidence circuit? 0.

In figure 4O, positiv' coincidence pulses are applied to the cathodes of ) t{
diodes D1, D, and D3. It is desired to prevent an output pulse at the di- :}
ode plates whenever a given anticoincidence counter tube discharges. This .o
is done by generating a negative pulse from the discharge of the counter and I

applying it to the cathode of D4. This cathode is biased and is effectively
out of the circuit unless an anticoincidence pulse occurs. In such a case
Dj, conducts, the plates are held negative, and no positive output will be .
obtained. 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 P
. circuit way be used to generate another more complex coincidence as shown in

figure 41. Here we desire tc 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 N3

. isfirst generated and the output is combined with five to form the latter, by -

BN use of two additional diodes. -

It is sometimes desired to parallel the signals from several counters so ji

that they will operate as a group in one coincidence while operating separately "

L.

t -

Rossi, Nature 125, 636 (1930).

105, Herzos, Rev. Sci. Inst. 11, 84 (1940). e
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3 L
' elsewhere. This can be done with the simple diode circuit of figure 42, A "‘:.j‘
N positive pulse from either of signal sources 1,2, or 3 will give a positive
N 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 o
) as (1+243), will be nearly as large as the output from any one signal source; N
o however, the cathode resistor should still be small compared to the plate cir- ot
i cuit resistor, Rj, in a coincidence circuit. M
N e
- Design of diode coincidence circuits g
¢’ -
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! It is instructive to calculate the output pulse amplitude from a diode Eg‘
'~ coincidence circuit when a partial coincidence occurs. In the circuit of . "::'
> figure 39 (a) consider the worst case, a partial coincidence in which the A
0 cathodes of all the diodes except D] are driven V volts positive. The current, ;2 -
X I, which previously divided among the n diodes will now flow through Dj pro- NN
R ducing a small output pulse V', approximately equal to I(Re#Bd) (n-1)/n, where Ay
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R4 is the d.c. resistance of a diode, and R¢ is the combined impedance of the
cathode resistor and the driving circuit measured from cathcde to ground.

When a true coincidsnce occurs and all the cathodes are drivea positive,
V' will be very nearly equal to YV, provided that the input pulse width is suf-
ficient to permit the plate voltage to rise to this value. The ratio, ps 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. V=V

O = v = v Rl ) a
I(Re +Rg)(n =) /n B (%+Rd n-1

Thus, tor greatest p the plate resistor Rl should be madc large compared
to (Re+Rd). As Rl is increased, however, the speed of respcnse 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', Iun this case V! will be equal, approximately, Lo Lhe product
of the rate of rise of the plate voltage,l/Cs, and the input pulse width 7.
The ratio p will then be given by:

Case 2, VHI/CPT SV

(I/Cs)T T n
I(Re+Rd)(n - 1)/n (Re+ R4)Cs ( n-1 ) )

This is only accurate if Cg(Re+Rd) < T Cgly,

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 nmi, Rc=-6809,RD =
BOOQ’CS=35m4f, and with7=l g sec.,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 & 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 conincidence 2,3,4,5. The two d.c. currents through R] and R1' will be
switched tirough D] and R, producing a voltage of 2I(Rc+RD) on the 1,2,3,4
output and 2L(Rg+Rp)+Iitp on the 1,2,3,4,5 output. In complex coincidence cir-
cuits with many different outputs, the partial coincidence pulses are impor-
tent, and to ndnimize them it is necessary to use low resistance diodes and
to feed the circuits frow low resistance signal sources.
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Fig. 44. Input circuit for anticoincidence counter

Input and output circuits

For experiments with Geiger counters, some form of input circuit is
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usually required to supply a low impedance signal to the diode coincidence
circuit, Cathode 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 differentiated to give a pulse of
approximately S~microseconds duration. The second cathode follower supplies
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at low resistance a 15-volt positive pulse output to the diode coincidence
circuit,

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

The coincidences are formed with SALS miniature double diodes by proper
interconnection of signals from the input circnite, (Crystal diodes could
perhaps be used and would have advantages of low stray capacitance,) A tyvi-
cal experiment illustrating the method is shown in figure 45.11 Here the
eignals from eight groups of counters are combined to form four coincidences
and antjcoincidences 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 ther 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 Djy, Dyp, and Dy5, and the signal (6+7+8) is then combined with
1,2,3,»'.1.;-0-% to forin"1,2,3,{64+7+2)=(4+5). The diode Dj4 prevents a nega-
tive outout on the anticoincidence channels which might otheruwise 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 iased positively so that
an 8-volt input pulse is required to trigger the multivibrator. Thus it is
insired thet 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,
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1,23,67,8-1448)

1,2,3(647+8)
~{4+8)

(3
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Fig., 45. Diode coincidence circuit for counter telescove experiment

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

A combination dicde 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,k,5, and 1,2,3 4,5-5. The first coincidencel,2,3, is formed
using pentodes Py, Fp,and P; in a conventional Rossi circuit. This signal
is coupled through diode D3 éo the plates of pentodes P, and Pc, from which
point is taken the second output 1,2,3,4,5. The polarity of fhe dicde is
such that no positive output can occur at the plates of P4 and P5 unless tle
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 diode D2 and
psntode Pg. ¢

It should be noted that when a partial coincidence of the type 2,3,4,5
occurs, the currents through all the plate load resistors will flow through
pentode P1. Pentodes with low internal resistances should, therefore, be
used Lo insure small partial coincidence outputs,
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Fig, 46. Diode-pentode coincidence circuit
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D. Electronic and Auxiliary Instrumentation fur Specific
Cosmic Ray Experiments

by

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

1. e January 10 riment

Tvo distinct experiments, each employing counter telescopes, were per-
formed on January 10, Each of these telescopes was aquipped 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 diagraus,
figures 47 and 48, The telesccpe and the electronic systems are seen in
figures 26 and 27, as they appeared when mounted in the wariead.

Counter telescope A consisted of eight groups of Geiger counters. Five
types of coincidencr and suticoincidence were registered, as followss 1,2,3;
1,2,3-(4+5); 1,2,3,(6448)=(445); 1,2,3,(64748); and 1,2,3,6,7.8. The puls-
o8 generated in the counters were amplified and shaped in the input circuits,
and combined in a dicde circult of the type described in the previous section.
Telescope B was somewhat more complax, containing an additional bank of three
groups cf counters. The electronic system was similar to that of the first
telescops. In both cases the output multivibrators were adjusted to feed a
20 millisecond pulse to the telemetering system. This insured that sach
pulse was sampled at least three times. These wide pulsez have the advan-
tage of being distinguishable from noise pulses, but have the disadvantage
of masking & proportionally greater number of events, since counter dischayges
are not rogistered if thay occur during or shortly after the period of the
output pulse. In all, twelve channels of the telemetering system were used to
transait cosmic ray information.

The greater part of this duta was also recorded by a neon lamp camera
recorder, This recorder was housed in a pressurized stesl contsiner 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 (resding from the
top). It was gonerated by a multivibrator having an accuracy of approximite-
ly 2 percent. This circuit is shown in figure 51,

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

L2javal Rescarch iaboretory Repart No. RB~3030, Chapter IV, Section D.
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. ways, A Schwein control gyroscope was modified by the addition of a potenti-

omster picx-off on the vertical axis. This arrangement generated a voltage
which was & known function of the angle through which the rocket had rolled.
This voltage was telemetered to earth,

Angalar aspect with respect to the sun was determined by means of three
photoelectric celles 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 s simple coding system. One of the anodes was connected
to a positive voltage, the cthier 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 thia 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 asimuth,

2. The March eriment

The cosmic ray experiment performed on March 7 made use of a L5 counter
t.elescope 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 equipmuﬂ;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 shovm in
figures 535 and 54. It was mounted on the under side of the base plate which
supported the counter telescope system, The telescope and tha associated e-
lectronics thus virtually formed a single unit when mounted in the V-2, This
can be seen in figure 1l.. 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 (cf.
Section B): A: 1,3,6; B: 1,3,6-5; C: 1,3,6-2; D: 1,3,6,-(2H45); E: 1,3,6(M84);
F: 1,3, 6(10+1l+12); G- 1,3,6 (13+lh+155 (2+h+5), Hl» 1 3 6 7 8 9,“(2+h+5), H2:
1,3,6,10,11,12-(2+445); H3: 1,3,6,13,14,15,-(24445); I: 6, (13414415).

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 coincidsnce. Inputs 1,3 and 6 appear in all
telemetered events in this experiment, maxing it possible, under certain con-
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ditions, for the crosstalk to become excessive. Therefore, two dicde feed- |
ing cathode followers were employed following the amplifiers of inputs 1,3 .
and 6. Six of the telemetered events were developed using la,3a and 65, and |
and five using lp, 3p, 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, H), Hp, and Hy, were multiplexed on a sirgle
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 puises having
distinctly diftferent lengths. The ocutput 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 clesarly
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 racord 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 January 10 flight

Fig. £0, 4 section of the film recovered
from the cosmic ray recorder on January 10
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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 rerresented in Fig. 58
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CRAPTER V
SPECTROSCOPY AT VERY HIGH ALTITUDES

Introduction

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

Solar spactrograms in the region below 3400 A were obtained to an al- .
titude of 162 km (101 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
& 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 ¢ylindrical mirrors which reducod 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 £ilm 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 havs other research applications, it is de-
scribed here in Section C.

Naval 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 B, Tousey, Phys. Rev. 7a, 827 (1947).
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A. The Vertical Distribution of Osone 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 obtainsd
were analysed to determine the vertical distribution of osone in the atmoe-
phere above White Sands on that date. Provisional results of this stuly
are presented here,

The quantity of osone present between any two particular leveis 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 meens of photographic photome-
try. The values obtained are displayed in figure 60,

Two peaks in ozone concentration were found, at 17 lon (11 mi) and 25 km
(16 mi) altitude, respectively. Above 30 km (19 mi) the measured concentra~
tion decressed 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 quantity 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,b However, it is in good agresment with velues 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.

LNaval Research Laboratory Report R-3030, Chapter IV, Section A,

1 on/kn=0,136 grains of 03 per liter. This is equivalent to ths pressure,
in cm Hg, which is exerted by the 0> contained in a vertical columa 1 km tall,

6. w. Gotz, Vierteljahrsschrift der Naturforschenden Gesellachaft in Zurich,
PP- 250.261&, 19‘0-‘0.
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fornia.” The double-psaked distrie
bution found in the rocket measure-
ments is a most unusual ons, It
has been observed previously, how-
ever, by GStz/®in his study of the
Uzkehr Effekt. In that case, also, VERTICAL OZQNE DISTR!BUTION
the total ogzone content of the at- WHITE SANDS| N.M., OCT. 10, 1946

mosphere was abtnormally high, being TOTAL 0,,2.7/MM S.T.P
3.4 ma,

[
o

ALTITUDE (KM}
»
(=]

The concentration decreased
somevhat more rapidly between 30 and 20 Y <t —
4O km (19 and 25 mi) altitude than in S NI S ST,

the insta..ce reported by Gdts. How- A‘}‘ e

ever, this aspect ol the White Sands

data was in good agreement with the 0 . ]
theory of Wulf and Deming.8 The fact R 4 0.0 :
that the concentrations above 50 lm X
(31 mi) altitude were below the de- Fig., 60, Vertical osone distribution

tectable limit, 0.0005 cm/lm, 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 pussible to makec use of the .
shorter wavelength radiation which is absorbed much more rapidly by the ozone,

8 ¢ s N SEEEEE " - Y

LR . 4 AN

Efforts to increase the accuracy of these results will take twou forms,
Expsriments are to be conducted when the sun has a large szenith angle, i.e.,
when it is in the vicinity of the horizon., This will provide a long light
peth through the absorbing layers, which should make it possible to detect very
small amownts of ozone and, perhaps, of some of the other atmospharic cone
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

 FEY s s
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obtained on October 10, and the corresponding recalculation of the distribu-

AN tion of atmospheric ozone, -
o :
i..\v. -
] ‘l:.‘f N
X
'l TPrivate commnication from Mr. L. B, Aldriche E
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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, 19467 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.
Scme 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 elenents 1 to 30, The heavier elemsnts will be added as time permits.
The finding list was prepared in collaboration with Dr. Charlotte Moore-
Sitterly, who generously made available the unpubiished multiplet lists
which are being compiled as an extension of the Revised Multiplet TablelO
to cover the rocket ultraviolet region. BEntries included laboratory inten-
sities, assigned mltiplet numbers, and, in many cases her solar iritensity
predictions,

At the available resoclution of about lA, 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 II 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 spectruam.

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. Mensel 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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SOLAR ULTRAVIOLET SPECTRUM
COMPARED WITH
IRON ARGC SPECTRUM
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p‘:.'-' Fig. 61. Solar ultraviolet spectrum f;:‘
) 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

AN wings on the group between 2208 and 2219 A could not be proved, A strong

:2 line of C I was found at 2478 A. .

3

- In addition to the above elements one or more lines have been assigned “

s as follows: definite, V I, V II, Cr II, Mn II, Co I, and Al II; probable, o

0 More definite asignmert will be made taking into account multiplet intensity ~

" and the reiative abundances of the elements. o

-y r.

,"-.q There appear to be regions of general absorption between 2886 and 2893 o

'F:, ) A and between 2442 and 2472 A, The finding 1iat contains few lines in these :

k" regions; the absorption may, therefore, be molecula:.

“';: ’ A complete report of the analytis will be published later.
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C. The Photoelectric Spectrometer
by
M. L. Greenough, J. J. Oberly, and C. C. Rockwood S

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 thererore, to develop a spectrometer which would record :
— spectral intensities in selected wavelength regions in such a8 manner that ?

I'C_‘ these values could be telemetered during flight. An instrument of this ‘
,-;",'\' type was actually built and was nearly ready for installation when a series -‘
b of successful recoveries, which began with the recovery of the complete )
o

afterbody of the July 30 rocket, eliminated the original necessity for the ~
project. Since that time the use of photographic spectrographs has occupi- i
ed the central position in the program of experimental spectroscopy. The )
tests of the photoelectric spectrometer were theretore 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 3
mode of operation are presented here. |

P g
2
X

. (‘ JJ s
o

vy

:f_--;‘,‘ Two alternative methods of accomplishing the desired results were con- .
ﬁ:i sidered. A scanning mechanism might be employed to cover all wavelengths, :
T or a continuous record of two selected wavelength regions could be made. ;
AR The latter course was chosen. The first region was centered at 2900 A, near !
T the edge of the great Hartley absorption band of ozone. A contimuous record |
> of intensities in this sone would furnish the intormation from which the :
v vertical distribution of ozone in the atmosphere could be deduced. The sec- )
A ond wavelength selected tor study was 1216A, the Lymun o line in the emiss- j
e ion spectrum of hydrogen. In addition, tor control purposes, a continuous .
N record of the undlspersed light reflected by the grating at zero order is )
T obtained. This provides a means for correcting for loss of light when the' 3
e sun is off the optical axds.

AN

:_i; Figure 62 is a photograph of the instrument, with the covers removed.

IS The optical and mechanical arrangements are shown schematically in tigure

4,
Pl

63. Radiation enters the instrument through a 2 mm spherical lithium fluo--
— ride bead, which is ideutical with those used in the photographic spectro-
graphs now employed in the rocket studies.ll A small image of the sun, 0.012
mn (0.0005 in.) in diameter, is formed behind the bead, This image serves in
place of the more conventicnal entrance slit, From the bead » the radiation
travels through a seot of optical baffles to a concave grating similar to the
one mounted in the photographic spectrograph.l?2 It 3s mude of aluminized

!

P cE RSN T o W W OW-® W

P S ——

uNaval Research_Laboratory Report No. R-2955, Chapter III, Sestion H, o

1210¢, 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 wavslengths, 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 radiae
tion it is to receive.

The first slit transmitas the central or sero 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 chambur and actuating the type 931-A multiplier photo-
tube. The window behind the third slit, which admits the 2900 A band, is also
of quarts. 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 scve
lar radiation at sea-level to a value slightly in excess of the normel 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 osone 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
8lit created one new problem which seriously complicated the task of arrang-
ing the exit slits. As was pointad out above, the effective entrance slit
tor the system is the amall image of the sun formed behind the bead, After

Fig., 62, The phovoelectric 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 perpendicuiar 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 disperasion -
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 wvavelength 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 !
areas of the corresponding slits. To circumvent this difficulty the two '
elits 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 mx..ents during each scanning cycle when both the
central image and the 1216 A line will fall on their respective slits. The
A scanning cycle is coded by using different speeds for the forward and the
T backward traverses. The start of each cycle is marked on the telemvtering
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
slite. The slit assembly and the scanning mechanisa ars shown in figure 6i.

- . A N ¥ & ummme 4 e

o * . g ms -

The zero order slit consists of a clear region 0.1 am wide flanked on .
either side by 1.5 mm regions which transmit half of the energy incident upon y
them. Thus, a continucus record of the central image intensity may be ob- :
tained without interfering with the wavelength determinaticn measurements. .
-The semi-transparent zones also allow the study of higher intensities, since
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the limiting ractor is the point at which the amplitrier 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 rormed 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 20 as to be able to illuminate all three phototubes simultane~
ously. This lamp, shown in figure 63, can be used as a sucondary 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 normsl 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

(LAY

Fig. 66. The spectrcmeter electronics, bottom view
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= &
iﬁi axis through the bead was to make an angle of 55° with the principal axis of
T the rocket. Areasonably high intensity is obtained with this view during the
- . stabilized portion of the flight.,

o

::j The electronic equipment in the spectrometer proper consists of three
:{q - phototubes which are shown on the right of figure 6%, and on the left of fig~
:?3 ure 66. The other items are mounted on a small chassis which may be located
i 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 obttained from the dynamotor,which is powered by the main 24 volt supply.
. The dynemotor output is regulated by means of an 0A2 tube. Tue high voltage
needed ror 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 figure 67. This supply will deliver 1,250 volts at about 0.5
milliamperes.

The circuit which was designed to obtain a logarithmic output frem the
phototubes is also shcwn in rigure 67. This type of response is obtained by
varying the d-c voltage applied to the phototube ir such a way as to maintain

e its output current at an approximately constant value. A fraction of this d-c
_ voltage is then applied tc the telemetering channel to give the required log-
T arithmic measure of the incident intensity. The details of operation are as
D follows. The 6AK5 regulator tube acts as a variable efticiency peak rectifier.
N In the absence of radiation, the multiplier phototube output is small, the
,ﬂ}! 6AK5 control grid voltage is accordingly positive and the rectification effie
“ clency of the 6AK5 is high, As the radiation intensity is increased the volt-
- age at the control grid of the &4K5 decreases, and the rectification efficiency
.3 drops, reducing the d-c voltage across the phototube. Thius the circuit stabile
jﬁj izes, with the phototube anode current maintained approximately constant, 4
o characteristic curve of the output voltage plotted as a function of the in-
pa 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 sufriciently rapid response to the anticipat-

ed changes in, and rates of change of, the radiation intensity.
- It is believed that the instrument described here is capable, when in-
e stalled in a V-2 rocket, of obtaining a useful record of solar intensity in
=T the band centered at 2900 A, It is doubtiul whether any record would bes ob-
. tained at 1216 A, unless the solar intensity in that region, as measured a-
N 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 ot March 7, 1947 marked the first occasion on which meas-
urements ot ion density were made from vantage points within the ionosphere
itself. The theory of the experiment per{ormod during that flight is dis-
cussed in earlier reports of this series,* as ig the previous progress made
in the development of equipment and t.echniqnes.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 ¢ 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. B’umight, J. F. Cl&rk, 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 1) km (9 mi) from the launching site bearing
7° 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-
cles of 4.27, 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 difterence 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 II, Section C.

Naval Research Laboratory Report No.R-2955, Chapter II, Section G, and
Naval Research Laboratory Report No. R=30 Chapter IV, Section E.
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received signal strength was also measured., In adaition, several quantities
were measured in ths 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,

2
PR -"’:!. !: : P .n’

ST e Tl
.

n-_-‘r,
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Take-off time, 11:23:29 a.m. M.S.T., was determined by correlating the
timing signal furnished by the Ballistic Research lLaboratories witn the
time reference broadcast by Station WWV. The 25,64L4-mc transmit'.er operat-
ed properly during the first 142 seconds of rflight, and, intermittently, for
short intervals thereafter. The L.274-m¢ signal was transmitted throughout
the 402 seconds of flight from take-off to rocket breakup.

v 2

-

TR L7 A TR e e

The strengths of the signals as received at the two ground stations sre
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
corons 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 phencmena were observed at the time of the .
firing. The fading of radio signals which occurred in various parts of the Cos
world indicated the presence of disturbances in the ionosphere. The Nation-
al Bureau of Standards recorded an abnormally high value of attenuation at
4.27, mc at its station near Washington, D. C. This agency also operates an
ionosphere 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

_'.'."'- _m I"'._ "n. ., n:’...'

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 intertference was caused, after 128 seconds of flight (i.e., a- o

bove 117 km, or 73 mi, altitude), by a c-w communication signal. This fac- -

tor complicated the analysis of the data. g:

As can be seen in figure 19 the L.274 mc signal disappeared in receiv= ;i

er noise at an altitude of approximately 11l km (69 mi) during the ascent, =

and it reappesred at the same altitude on the downward leg of the flight. X

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 N

the r-f voltages measured in the rocket shows that the transmitting system ES

continued to operate in the region above 1lll km., Thus it appears that the b

N loss of the low=frequency signal was due to the disturbed condition of the r
o ionosphers, -
N ‘ 'j
§} The measurements at the two ground stations definitely correspond as Y
o to evidence tor the presence of the D layer. A sharp drop in received sig- ;j
L >
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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 abrut 43 km (27 mi) altitude. It remained
at a low value up to 84 km (52 mi,. Above 8. 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 ot 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 whon the V-2 was
79 km (49 mi) over White Sands. The well-defined waveform seer in Section
C corressponds to an altitude of 90 km (56 mi), A more complex wavetorm is
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reproduced in Section D, and the sudden cessation of the beat frequency et
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,

- ’
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B. The Ionosphere Transmitter

2

by S

J. F. Clark, Jr. and G. Van Sickle

2

An improved transmitter was designed for the March 7 ionosphere experi- ii
ment. It represented an advance over the equipment employed in the firing R
on October 10, 1946, Since it was intended to serve in addition as a proto- o
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.

(V. SR

Previocus 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-

n

RS
quencies, which, in this experiment, were 4.274 and 25.644 mc, The 829-B Dy
dual beam tetrode was then selected for use in the power amplifier stages be- R
cause of superior mechanical characteristics3 (ef. figure 70), Trials demon- E
strated that the 6Vé 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 crystsl oscillator was operated at half the o
frequency of the low frequency power amplifier. A low temperature coeffi- -

cient AT-cut crystal was incorporated in a éVé 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.

.-
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The low frequency doubler stage (V2 in figure 70) employed another 6V6
beam tetrode. Each 6V6 exciter tube was operated with low screen grid volt-
age in order to permit arn 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.
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low trequency dcubler, the exception being that the tripler was operatasd
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 tigure 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 mwasurement of the filament supply voltage.

The two power amplifiers (V3 and V7) were similar in operation, Each
829-P dual beam tetrode was operated as an amplifier rather than as a fre-
quency multiplier in order to obtain better efticiency, 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, énd to obtain an r-f output volt-
age unbalanced-to-ground without disturbing s 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 sockst ter-
minals except those connected to control grids. Very-high-frequency parasit-

Fig. 71. The ionosphere
transmitter, bottom view
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ics were prevented through the use of a small inductance in parallel with &
resistance, such a pair being placed in series with each 829-B plate lead.
Increased stability was also obtained by operating all variable c..denser
rotors at grounsi potential. This also made it possible to mount these con-
densers more ruggedly, Each variable condenser was provided with a rotor
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,\\" .~ lock to prevent any changes in setting which might be caused by the vibra-
%}é tions and shocks incident to the tiring and flight of the V-2.

l‘ 4

= 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

S from conducting an excessive amount of plate current in the absence of ex-
%‘{n citation. The 5,000 ohm screen grid dropping resistors (R13 and R27) pre-
Y vented the acreen grids from exceeding their dissipation ratings under any
AN conditions of operation, including operation with the plate disconnected.

B Subsequent experience has pointed to the desirability of increasing these
s resistance values to 10,000 ohms in order to limit the off-resonance plate
,“f.: current, which coccurs when the antennas are detuned, to & valus which is

A more consistent with safety of operation. The voltage drops across the 19.5
el ohm cathode resistors (R1ll, R12 and R25, R25) were telemetered to earth.

oS These furnished a measure of the total cathode current in each power ampli-
»a © fier tube, '

s

::I::: The r-f voltage appsaring across each output transmission line was

;.&_3} ) measured by means of 12SN7-GT dual triodes (Vi and V8), which were connect-
S ed as diodes. These voltages were read at the output coupling loops and a
=N quarter wavelength away, in the transmission lines. In the case of the

b low~-trequency line the wavelength requirement located the second diode in
= the tail of the V-2, Filament power and telemetering connections for this
o diode ere 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

;:i diode voltages were telemetered from cathode voltage dividers of the type
- exemplified by RlA and R15,

NG

:;‘t In order to urevent interference in other experiments » DANY precau-

XA tions were taken to avoid the leskage of r-f energy from the transmitter

2 case. All test and telemetering leads were bypassed inside the case and

:3 carried in shieided cables, The filament powsr was tuken through a shield-
- ed low-pass pi-section filter (C46, C47 and L9). As seen in figure 72, tae
~ lead which carried 24 volt primary power to the generator was shielded up

< to the internal dynamotor btypass condenser, and, in fact, did not terminate
: within the radio-frequency region of the transmitter. A cover piate was pro-
R vided to shield test jack J5 when it was not in use.

% As shown in figures 73, 7., and 75, all components, including the dyna-
= motor and the transmitter chassis, were rigidly mounted-on a 6 »m (0.25 in.)
:t - steel base plate. Figure 76 illustrates the clamps which secure this plate
o8 to the warhead mounting rails. The rails provided additional protection a-
" gainst lateral motion. The plate extended through the rear of the trans-
In 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 rrom the front (cf. figure 76), it was possible to remove the trana-
nit?or th;ough that single acceas door. The complete tranamitter weighed 32

A special voltmeter was provided for transmitter adjustment and test-
ing. The use of 15 m (50 ft) of shielded fourteen-conductor cable enablec
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 maximige the voltages at check points 2, 3 and i,
respectively. When properly adjusted, check points 1, 2, 3, and 4 all indi~
cated approximately 3 volts on the test meter, which corresponded to 45 volts
of bias in each stage. The final amplifier stages wure tuned tc resonunce
by minimizing their respective cathode currents, which were reai via teleme~
tering channels 1 and 4.

Power requirements for the transmitter were =12 volts at 3.9 amperes for
the filaments, and -2, volt: at approximately 2C amperes. The latter figure
was a function of the antenna loading. Dynamotor sfficiency was approximate-
ly 50 percent. The efficiency of the power amplifier circuits, including the
effect of r-f losses in the output coupling and di.'e 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 op .r=-
ting frequencles,

Fig. 72. The iono-
sphere transmitter,
front view
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Fig., 73.

The ionosphere transmitter, top view
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c. Rockeﬁ Antennas tor Ionosphere Research

W 3 Dy P—
, T. R. Burni S, W, F, Fry, -
S and . , Seddon -
The problem or constructing suitable antennas has been one of the most g

dirficult to arise in connection with the ionosphere measurements. The side o

antennas used in early flights™ were difficult to install, The trailing -

wire antennas employed later did not have satisractory patterns. Therefore -

8 new type of antenna was installed on the V-2 which flew on March 7. BN

The antennas consisted of wires which went around the tail structure E

of the rocket near its base. Thc wires were supported by means of four bake- -

/

lite insulators which extended 15 em (6 in.) beyond the 2dge 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.

)

P

T -
YT T -
PRt 2 R »

The 25,644 mc antenna was a balanced dipole which was ted at fin I.
The 4.274 mc antenna was bottom loaded and fed at fin II. It was supported .
at fin III and extended to fin IV. The two matching trensformers were mount- .

A

(A
oy

D ed in tins I and IV, Each was connected to its antenna by 76 cm (30 in.) of

shielded cable, :

The determination of the impedances which these matching units siiould -
present was a particularly difficult phase of the antenna problem, The an- e
tenna impedances were first measured with the radiators mounted on a V-2 }j
tail section which stood on a roof. The high and low-trequency antenna im- be
pedances were there seen to be 50+j270 ohms and 14-3570 ohms, respectively, ~
The matching units were constructed accordingly, due consideration being v

B

given in each case to the 76 em (30 in.) of feeder cable and the 50 ohm im-
pedance of the transmission line which _ed to the transmitter.

or

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+3j6 and é4+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 35430 and 504312
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
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el the various testing cables were connected, the impedances changed radically. we
3
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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 tlight
conditions, and antenna tuning was accomplished on this basis. The presence
ot the platform upon which the V-2 stood (ct. 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 halt-wavelength horizontal section with a quarter-wavelength verti-
cal lead and a halr-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 tlight. The variations in the strengths ot these sighals
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.
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Fig. 78. Ionosphere
antenna mounting insula-
tor. The telemetering
turnstile transmitting
antenna is also visible.
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~ » stmew

Fig. 79, Mounting ionc-
sphere antennas on the V=2
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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 o
models, The use of an automatic tuning device is also under consideration.
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D. The Ionosphere Receiving and Recording System "

s
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J. F, Clark, Jr., C. W, Miller
and G. H. Spaid
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A receiving and recording system of 'improved design was employed in the

- STy
1

fier, and recorder which compared the phase of the two resulting signals.

The rate of change ot 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.

- March 7 ionosphere experiment. A brief description of this system, together .
- with a short history of its evolution, is presented here., A more compleiw -
:}E discussion of the theoretical design considerations will appear in a future 5
o report of this series, .
= The two receiving and recording stations are located so as to be approx- E
R mately beneath the points at which the rocket penetretes the E layer of the N
NG ionosphere on a normal flight. Two types of data were to be gathered at .
Y these stations: (1) equivalent elsctron density as a function of altitude, iy
= and (2) the attenuation of each signal, also taken as a tunction of altitude. S
23 In additien, long range propagation data were to be obtained over paths be- N
ii tween the rocket-borne transmitters and the many receiving stations scatter- T
i ed throughout the world which were manned by cooperating agencies. g
-~ !
fm Basically, as shown in tigure 80, the original receiving and recording l
fuj system was comprised of two receivers tuned to harmonically related frequen- N
o cies, a unit designed to multiply the frequency of the amplified low fre- "
- quency signal to that of the high freguency radiation, and a mixer, ampli- =

\ .

oy =,
L Y e
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P o P

[

3

In the first experiments, three radio frequercies 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.

o 1)

Wa
s

}

o
I

In all or the previous experiments, tuned radio trequency receivers v
were used. They were selected primarily because they were sim.le to design
and construct. The use of these receivers revealed a number of disadvan-
tages, including inadequate sensitivity and selectivity, and excessive vari-
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SN able phase shift., Variable phase or frequency shift occurring within either
T receiver may have the same appearance, when recorded, as the phase beat fre-
S quency data. Such a phase shift may be caused by the Miller effect in those
N stages which employ automatic volume control. This effect is essentially a

S detuning which is caused by variation in the effective shunt capacitance of

:QQ the control grid of the tube. This in turn is due to the change in amplifi-~
o 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

{2' subsequent firings.

=1

ST If an ordinary superheterodyne receiver were used, local oscillator fre=-
T quency drift would also introduce errors. A change in amplitude of either
s signal, when applied to the mixer, also has an effect on the oscilloscope
R trace which is similar in appearance to the phase beat frequency indication,
PN Thus, it is necessary tc 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 frequencies 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 ;
I

X

1, a4, .
AR L
U' ",_l’:l..l'__‘rl‘

A

:g of the mixer will depend upon the received signal strength, as well as upon the

N phase difference. These considerations imposed strict design requirements on

3}1 . the receivers. These may be summarized as follows. Variations in the phase

;ﬁ} shift introduced by the receivers had to be kept to a minimum, The total gain

AN 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~ :

- !
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;ilg clude noise from the data when received signal levels were low. High selec-
: (o tivity was essential due to the prevalence of excessive atmospheric noise,
p and the frequent occurrence, at White Sands, of interfering signals having -
— frequencies close to the experimental frequencies, '
{ﬁ:? The first type of receiver which was considered tor the new design was
Wt & system which would eliminate the error introduced by local oscillator drift,
by N, ¢ while retaining the numerous advantages of the superheterodyne principle.
e Such a receiver is illustrated schematically in tigure 8l. It converts the
Ry input frequency to an intermediate frequency, amplifies the latter, and re-
PSR 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

& r st
o3 ,,‘;' L

;; is diffucult to obtain sufficient gain without introducing the instability
i< caused by feedback from the high level output stages to the low level input
o stages,
\x; The equipment which was actually employed on March 7 is diagrammed in
:;1:. figures 82, 83, 84 and 85. It consisted essentially of two superheterodyne
rﬂjtﬁ receivers with harmonically related local oscillators which were controlled
i“;‘i by a single crystal. This system, which must include both receivers, has

the further requirement that the intermediate amplifier and local oscillator

3355 frequencies have the same ratio as the original transmitted frequencies.

t»ﬁs With this arrangement, the limited output from the i-f amplirier os the low
;{:fz frequency receiver may be multiplied and mixed directly with the output trom
*“}p the i-f amplifier of the high frequency receiver. This affords the advantage
§;j§ of amplifying at two trequencies 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 enocugh to permit consider-
able changes in the operating frequencies. Such changes may be accomplished
through the use or different local oscillator crystals and the adjustment of
the tuned circuits preceding the intermediate trequency amplifiers.

In order to correlate the photographic data wit% missile position, tim-
ing pulses starting at take-off were transmitted irom 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 transiormers which match
e the impedances of the antennas to the 50 ohm unbalanced receiver input ter-
*If: minals. The third shelf contains the high frequency receiver and the out-

r put mixer circuit. On the fourth shelf is mounted the low frequency receiv-
T er., The second shelf contains the timing and recording circuits. These in-
) clude a direct coupled arplitier for the display of mixer phase difference
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LOCAL ) T0
OSGILLATOR REGORDER
FREQUENCY
MULTPLIER
6 TO |
4.274 mc
ANTENNA
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Fig. 81. Doudble conversion superhetercdyne system '
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Fig. 82, Common local oacillator superheterodyne system
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on an oscilloscope, and cathode followers used to present signal level data
. on low impedance meters. The direct coupled amplifier ias two output ter-
- minals. The tirst provides a capacity coupled unt'iltered output useful for
aural monitoring and for wire tape recording purposes. The phase beat fre-
quency signal is filtered in a low pass unit which has a cutoft frequency
of approximately 150 cycles. This serves to minimige the beat frequencies ™
generated by interrering signals and the signal under study. The tiltered .
phase beat frequency appears at the second output terminal,

e v . wrwy
s L0
o o

The phase beat frequency data are recorded by mears 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 liess than 20 degrees ot 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 amplirier stages. The low frequency re- £
ceiver called tor 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-

I
S e

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 5f
the same for both receivers, with two microvolts being required to obtain a o
fully limited signal. Ordinarily, 0.5 microvolts were required for a two=to- .
one signal-to-noise ratioc 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 of each receiver was approximately 0,01 second. e
This short duration was chosen to minimize the loss of data which occurs when =
bursts of noise block the receiver.

. e, -
".-I

P AR

As can be seen trom 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

4

& d

.....
............

reached an altitude of 5 lm., This was not accompanied by any shift in phase. ;;

. The performance of the receiving system in this instance served to demonstrate -

" that the pressnt design has mitigated some of the undesirable effects associ- N
o ated with changes in received signal amplitude. L
:é .
- ‘.
“.: b "
14 -
N A
~ o
X A
N :2:?_:
;.:.I .:' -:
E: T
-\\l , .:

......................
------

N .. -. DAL A L et
.A.'.L'.E}J}J'SJ 73 RS WRNN VA YR U IR DA



‘_'.
.

108

L 4w

N s

\r

}

)

ﬂ

|

|
.

-
Pl

/’
A | P

S LS

20 —

PR

—

Pig. 87. Selectivity curve for
4.27,-m¢ ionosphers receiver

30

.-" ", .

RESPOLSE IN db
=

P p

40 :
!‘-

\‘

50 - - L .
o

Qo -8 -0 -5 o s 10 8 20 Y
KILOCYCLES OFF RESONANGE »

e -

2.7 4]

o

LA

)
)

5]
\
7
MR A0

Té’ﬁ"-".
3
T

—*

L7 T e

LA

PFig. 88, Selectivity
curve for 25.644-mc
30 ionoaphere receiver

A

U‘I‘:I’:l'

RESPONSE IN &

2
i:

P
(o]
o

[
L
L
-

50
= g
o L T 20 o 20 a0 80 :..
i. KILOCYGLES OFF RESONANGE '.;
3 o

o,




109 3

600.0 4 o

v 800.0 4 )
7

Q(X),Q g

- SENSITIVITY CUuRVvVE OF ; .'
00— 4,274 mc IONOSPHERE" 4

REGEIVER -/ -

2000 5

3

|g§:.g ¢ 1000.00 R

8 f 2

:8'°F 4 V& r\

50.0 yal A R

"y z

300 :

200 o

a

3 B

§ 0.0 —¥ 10,000 :‘

T

. > %
5 %o 1 >

4 A Vi :

- 4.0 A 3
g 3.0 / ‘\Ei

2 ] ::::

/ Cj_

\ -

/ ::.!

8',;‘: y ad 1000 =

% 7 :

o, Z f[ N

0.3 4 -:E

AVC VOLTAGE (VOLTS) :}‘f:

o. g L ‘ 2 0 4 100 o~

i 2 3 4 ) 6 T ® o

Fig. 89. Sensitivity curve of L4.27L mc ionosphere receiver




IR N RV

»
-

»

P
pFTRITR TR Bt

I

dlp e % A

("]

il

nd

d x

A
B
d
.
o

ta 4 A

aa

w®l

Lo ab o s

Pl

Zr e

[ [P SO P VR e N N T | 1 R R

440

1000.0,

B

€00,

800.0
400.0

\NN}\

300.0

200.

SENSITIVITY
25.644 mc
RECEIVER

CURVE OF
IONOSPHERE

—=—41000 00

—1$0,000

40,000

8000

INPUT SIGNAL (4 VOLTS)
wu & o
) b .

800

T
L

o
JO

rolo

3

AVC  VOLTAGE

4
(VOLTS)

are

olv

Pig. 90. Sensitivity curve of 25.644 mc ionosphere receiver

.
>

'.f:. -

A
[

Yy,
|’ "
“l ‘0'

e

v,
L4

NN




CHAPTER VII

THE PRESSURE AND TEMPERATURE OF THE UPPER ATMOSPHERE

. . " by

C B N A& eaeey§ - " " 8 ®

N, Best, R, Havens

and H, LaGow E
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 :
& continuation of the measurements which were begun earlier in the Rocket- s
Sonde Research 1=’r¢:>grmn.1 The physical and electrical arrangements of the -
various equipments are discussed in Section B of Chapter III, and illustrat- I
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, !
' i
Pressure and Temperature of the Atmosphere to 120 Km Ny
~ ' g
g
Pressures and temperatures of the at- N "
mosphere up to 120 km were determined from N E
data taken on the V=2 rocket fired at White N ] "
Sands, New Mexico on March 7, 1947. The N N 2
methods used in obtaining these data were 3 ,_,,j\ “»- s e
similar to those used in a previous flight.” TR L
The pressure measurements were made with bel- , N A\ N
lows gauges for pressures between 1000 mm Hg ! N -
and 10 mm Hg. For pressures between 2 mn Hg ; Y %
and 102 mm Hg, tungsten and platinum wire vaen
Pirani gauges were used, A Philips gauge was :Q
used for pressures between 10=3 and 10~° mm N R
Hg. \ :
Ambient pressures shown in figure 91 d o

ALTITUDE ~ NM  ABOVE 84 LEVEL

were measured up to about 80 km with gauges

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

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

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

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

ﬁg; ’ 3Best, Durend, Gale and Havens, Phys. Rev. 70, 985 (1946). -3
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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

o n‘_I'

W

[* N

PR R I T s e o N B DR e L A
A TR et T

’iy

& readings which agree within experimental errors, indicating that no appreci- .
- able error was introduced by yaw of the missile up to this altitude, A sin-

3 gle Philips gauge was mounted on the 15° cone of the warhead. The readings

.'j-:f of this gauge were reduced to ambient preasures by use of theories of Taylor

:;3 and Maccoll,4 FPhotographs of the earth made from the missile and gyroscope

Y data indicated a yaw of about 15° at 110 km and a roll period of L0 seconds.

A From the above data it has been calculated that at 110 km the aspect of the 5
= rocket was such that the Taylor and Maccoll corrections used were valid (Fig~- 5
o ure 91). However, at 100 km the pressure shown is probably too high, while Fs
” at 120 lon it is too low, in each case by a factor of less than two, 2
A ' o
(:4‘ The temperature of the atmosphere was calculated from the slope of the %
= pressure vs, altitude curve and from the ratio of ram tv ambient pressures. E
o Figure 92 is a plot of the temperature derived by this method. Also shown e
0 are the texperatures measured by means of a weather balloon released within an t:
f‘ hour of ths time of the rocket's flight. For comparison, the NACA estimated
1\'. mean temperature5 is included on the curve. The probable error is*259 from :}'
N 50 to 60 lam., *150 at 65 to 70 km, and + 20° at 72.5 km. The probable er- I
8 ror above 100 km is * 409, Temperatures calculated from ram pressures for ‘-‘
¥ - altitudes between 10 and 20 km are 5 to 20° lower than the expected tempera- "
A tures, This discrepancy is possibly caused by errors in the velocities cal- A
_w"}‘-“' . culated from the poor radar data obtained during the first 20 km of the N,
I\_.} flight. "‘:\
A >
A Pitot tube theory was used to obtain Mach number from the ratio of ram E
?—1 pressure to ambient pressure. The velctcity of the rocket divided by Mach g
_\ number gave the velocity of sound from which the temperature was calculated, :;“.:
¥
‘}‘3 It has been found necessary to apply corrections in the readings of the j
My Pirani gauges to allow for their time constants., This effect resulted in a o
i 1.5~second lag in the gauge used in October, corresponding to 2 km at alti- -
7 tudes between 60 and 80 km, When the October data were recalculated to al- -
W 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 msay be a seasonal Ry
i effect and not experimental error. To establish the seasonal effect defi-
" nitely, accurate data are needed between 75 and 100 km. e
— Wy
= Two platinum resistance temperature gauges were installed to measure o
o temperature of sections of the 15° nose cone. The temperature rise on the ~
. O.1-inch thick aluminum forward section of the nose was 1200 + 5° C, On the 2
&1 O.l-inch steel section immediately behind the aluminum, the temperature rise .
was 850 * 50 C, o
2% HHHE e
W' kg, 1, Taylor and J. W. Maccoll, Proc. Roy. Soc. 139, 278 (1922). ::;j
] SNational Advisory Committee for Aeronautics, TN 1200 "Tentative Tables for NG
= the Properties of the Upper Atmosphere" (1947)% -
= -
W &
N "
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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 g

: 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° ¥ 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 showa
were measured on the 0.5 mm steel skin of the V-2 control chamber. This
surface made an angle of 90 with the rocket axis.

r vy .

L/ -t T A -
- ] - La
"
— — b
.11
0op—— [~ n'r-nvt:‘ MEAN | E
/] TEMPERATURE | | o
Fig. 92. Temperature as a function of alti- g N T~ ‘
tude. The crosses indicate data calculated 3 RN 5
from slope of pressure curve; the black "} 7 A
circles, data calculated from ram pressure; § s P
™ '
the triangles represent balloon data. . e -
=
o I p
E iﬁ\ = .‘:
- % % e,
TEMPEAATURE DEGREES e
KELVIN &
TABLE III I
- e
Ambient Fressures Observed on March 7, 1947+ pﬁ
Pressure in mm Hg o
Altitude as Measured from s- Altitude Pressure Altitude Pressure x 10"
in Ka con V=2 in Xm in wm Hg in Km in mn
1,2 657 15,0 1,3 106,6 1.7 -
1.5 638 o7 1,09 107.7 L.k .
2.4 571 L8.2 0,86 108.7 1.2 .
300 527 06 0. h 1(”07 101 -
L3 S1.0 Os 110,8 1,0 b
545 375 52.6 0,52 111,8 0.85
7.6 268 Sh.l O 112,8 0,85
901 312 5505 0.36 llh.o 0075 ."
10,7 166 175 S7.1 0,32 115,0 0,70 -
11.3 158 5844 0,27 116.0 0,65
11.9 L5 61,3 0,19 6.8 0.60 R
12,2 pAAY 62.44 0,170 117.7 0450 -
12,6 130 63.8 0,154 118,5 0.40 re
13.3 116 65,2 0,12} 119,5 0.L0 W
13.7 107 66,7 0,106 120,6 0.ho =
1,0 102 ol 0,086 122,% 0.35 Fu
14.8 91 o3 0,071 125,1 0.30 N
15,2 86 7.6 0.05) 126,0 0.25 "
15,6 76 72,0 0.0L2 )
16.4 €7 73.3 0,032 "
R 17.2 60 97.8 0.00058# "
AN 18,2 1 9849 0.000514 '
19,2 L3 100.0 0.000L9# -
!! 20,2 36 101.2 o.coomj 4
21,2 29 102,3 0,0003 ¥ .
SRR 22,2 25 103.4L 0.00028# .
A L2,0 2.3 1045 0.00028# Ca
\';.}.." b3,5 1.6 | 105,6 0,00023
¢ — "-
.\.#J * Except where noted otherwise, these measurements were made Srom the V=2. el
NS Cle # These values were calculated from measurements made on a 26° cone using methods .
e developed by Taylor and Maccoll, [Cf. Proc. Boy. Soc. 139: 278 (1922).)
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TABLE IV y

V=2 Warhead Skin Temperatures Measured on March 7, 1947 <

Time in  Velocity Ty

Seconds in llot.on -

After Altitude® Pressure Skin Tcnporaturo’ -

Take-off M in kp in wm lig in OC at Point ~ T

b 2 ‘:-

0 o 1.2 660 22 30 W

10 109 1.7 630 22 30 o+

20 260 3.5 495 22 30 "

25 3.8 5.9 410 22 30 .

30 438 7.0 300 25 30 ]

35 530 Gels 210 35 k) s,

4G 646 12.3 130 45 40 -

b5 <0 15.9 76 62 55 o

47.5 900 18.0 52 Xi4 65 %

50 995 0.4 33 87 75 P

52.5 1090 23.0 23 97 8L S

55 1200 2509 1‘0-5 108 92 W

57.5 1305 29.0 9.6 118 98 .

60 1420 32.4 5.8 12), 1058 :{

65 1540 39.9 2.3 135 116 "

70 1490 47.5 95 U2 122

80 1390 61.8 .18 156 125 E

e 100 1200 87.5 .003 160 .- ~

iy H

e 3‘1‘0 within *J. g km .
ot To within £ 10°C :

N X

*v -

| —rs E

r‘:‘- A 24Cm ‘:::

# -

‘%‘,g ' A 3

"'1! 81.6 Cm .3 mm  ALUMINUM ::‘

tn

Yo -TEMPERATURE  MEASUREMENT N

X POINT NO. | -

kﬁﬁ .

:;:; ALUMINUM-STEEL YOINT :‘

) .

L:.lq !‘

\f A TEMPERA \:

'EE: POINTENOTU:t MEASUREMENT ::

S -

l::ti 649 Cm }'.

::'::. 2.8 mm STEEL :\'

g o :

4 X

"

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

V-2 Control Chamber Skin Temperatures Measired
on Outober 10, 19Léw

Velocity in Skin Temperaturesf
Time in Seconds Meters per Pressure in °C as Measured |
Aftar Tuke—off Second in m Hg With a Thermistor .
~10,0 (o] 660 21
- 4.0 0 660 23 .
3.5 26 6L0 21 .
11,9 125 620 20 -
19,1 222 £10 22
23.0 91 L60 28 .
26.7 354 390 35 l
29.4 Loy 3ko N .
32.2 0 275 3 .
35.9 20 20 1
37.6 552 180
0, 625 1'.6 68 A
o2 705 97 81 :
L5.8 730 75 89 :
sbg.s 790 67 92 |
52.8 955 28 128 :
. 1065 18 132 .
S
Velocity in Skin Temperatures g
. Time in Secunds Meters per Pressure in 9C as Measured s
After Take-off __Second in mm Hg With a Pt Resistance! i
0 0 660 12 b
19.1 22l 510 10 :
21,6 268 L8O 18 :
i v 2 2 :
] J
ﬁ.h 512 210 S8 -
o1 63C ns 82 -
N 700 100 90 5
o7 722 89 100 _
ub.9 790 67 108 y
57.2 1090 15 162 X
Y
s
*The se ratures were mesasured on a 0.5 mm steel surface wiich made an !
s angle of 9° with the rocket axis.
N #The error in relative teaperature is about 3° C. However, a 10° C error -
in absolute temperature is possibls due to the shifting of the calidbration
S curves, y
R, -
e T2o within +10° C, except for the last value given. The resistance E
i thermometer wac becoming a pressure gauge in this region; as a result the .
2 error al this point was % 20° C, N
l‘\' -
! bi'
SO
'.'- ._"b
a.a,

r -
18;
Ih A

AP RL

N



s CHAPTER VIII
N 5
,\l‘~ .:
;:: VIBRATION MEASUREMENTS IN THE V=2 2
— by i
W . )
Y, C. B, Cunninghaa} and C. P. Smith .
R :
;Jt- The nature of the vibrutions which are developed in the V-2 during ;-
- flight was studied experimentally for the first time on March 7, 1947. Theo= 5
NN retical calculations might have predicted the frequencies of vibration, but |
S such quantities as amplitude and accsleration were best determined by direct g
K 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- ;'
N tions might generate microphonic noise in the necessary equipment. Such R
-;:'. noise would tend to mask the effect being studied. A self-generating type 2
N of instrument was therefore preferred for this application. As there were N
.-‘,::- no actual data which could be used in determining the sensitivity require- 2
=y ment, it was arbitrarily assumed that the V-2 vibrations were similar in i
= character to those encountered in ships and aircratrt. These considerations =
';;%: led to the choice of the type 4~102 vibration velocity pickup which is manue .
Py factured by the Consolidated Engineering Corporation. This is a self-genera- " g
by *  ting unit which faithfully amplifies those types of vibrations which were ex- \
,}‘.}1 pected to occur during the flight. It is shown in figure 94. >
— B
Q‘E‘ -
) .\
R :
o
W
- -
5
N -
Ny -
== k
\,‘"_' .
-
% -
A g
STy :.
T Fig. 94. The vibration-measuring equipment .
o -
f*fj}: lMember 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 5
s Vibration Research and Evaluation Section and the Rocket-Sonde Research N

e Section.
‘g-: -~
S “ \:
'L\!: -~
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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

cm (1.06 and 1,82 in.) per second. The amplitude measurements were not very

1SN :j
N )
Y
) Since the instrument has a sine wave output, and since the telemeter L
RN accepts only positive voltages, a 3-volt bias was employed. Diode limiting .
. I was also used to prevent the signal level from exceeding the range of volt- .
o ages accepted by the telemeter., A schematic diagram of the installation is
L given in figure 95. Three pickups were installed., Their outputs were com= .
',:\-ci bined in a single telemetering channel by means of a commutator. :
\“2 .
by 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 N
o in figure 8. One of the units had its axis parallel to the principal axis
o of the missile, while the axes of the other two were parallel to the fin .
:t;:. planes and lay normal to the rocket's longitudinal axis, :
S Vibrations in the plane normal to the missile's main axis had ampli- 2
%

l“T.

»
o

accurate, however, this quantity was calculated by integrating the velocity. r

In this way it was estimated that the total excursion varied between the ex~ 3

treme values of 0.17 and 0.29 mm (0.0068 ard 0.0116 in.). .!

BOTTOM AGGESS N

WARHEAD BASE .

- (Top view) ____|DOR R

e

ALGOHOL PIPE -

: 1 = »

— [
= Z N
\‘.-_ + _1 : .
N El SHELD YO _L
ot GROUND —- N
e ="
e BOTTOM ACGESS L 1 -
. DOOR = | - -
38 <L 5
x CHANNEL  SEGMENT FUNCTION = i
kD s == R - 5
o 15 3 X -axs Py
N 15 4 X - AXIS P
o ] 5 X - AXIS T
a 15 6 X -AXIS ' To 2
= 5 ? X—AXIS TELEMETER B
e 18 8 X - AXIS
o 15 10 X -AXIS 1—
15 " X-AXiS =
15 12 X - AXIS
b\-| e
N . 3 Y- AXIS -—
Sy 6 4 Y -AXIS I =
g 16 6 Z - AXIS — . 5
16 7 Z -AXIS T
oy 6 8 Z-axis T i |
B = 1 .
X = A
i Fig. 95. Schematic diapram of the vibration-measuring installation :
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i~ The vibration was not continuous. Its intermittent character sug- :
S gested that it might be due to shocks which originated in the rocket motor

L and were transmitted through the missile structure. These shocks may have .
!!! been caused by uneven burning of the fuel. All the measured vibrations ‘)
A ceased at Brennschluss. The propulsion unit, theretore, is considered to

B 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-

. \
S :
E:. gine, had a smaller mass and & more extensive configuration than the warhead. .
- A more sensitive instrument will be installed in the warhead, and ad- 7
itf itional measurements will h» made at other locations in future rockets.
S Particular interest attaches to the observations which will be made with
ROt these refinements during the period ot transonic flight.
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CHAPTBR IX

PHOTOGRAFHY 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 filights, an attempt was made to obtain photo-
graphs of certain rocket installalions, and of the earth. In this attempt
the effort met with censiderable 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 mwany geographicel features. In addition, the cameras reccrded
numerous cloud formetions and other informAtion 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 Ocean beyond are all clearly dis-
cernible in the Frontispiece which was taken as the rocket reached the peak
of its trajectory. Mecre 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 concerning existence of corona discharge at the radiating elements,
and the relative positions of the antennas and the jet exhaust flame of the
roctet, 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, tor all prac-

IMissile No. 21, Missile No. 1 was expended in a static firing test.
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tical purposes, no longer available., There is no 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 sx-
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 photographa. These also show that the

flawe came between an antenna and the ground station during a portion of the
flight.

.
O TR rror ¢ v

e "r R

The photographs were made with two K-25 aircraft cameras one of which
is shown in figure 96. These cameras employed 24 wolt 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 ia nearer the optimum lens setting for
the conditions experienced.

k.- A A

AT Y L et

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 senith angle of 7°, The )
winds from the east then caused tre missile to begin turning in that direc-
tion. This motion probably continued throughout the remainder of the
flight. The last six pictures giver hare were made while the V-2 was in-

. -
L

ARNRE <0 T

R

\
»
g™
Y

¥ clined toward the northeast at a zenith angle of approximately 10°, Explo-
N sive charges at the base of the warhsad and the junction of the midsection N
and tail were detonated 330 seconds after take-off., The rocket broke up "
) shortly arfterward as it entered the denser portions of the atmosphere, The T
N parts fell to earth over a wide area of the white sands which gave the re- -
;-:: gion its name. Both cameras were recoversd on the following day. One of
t}: 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 D
a partially fogged. i
:J-'_" The following pages contain a selection of nine photographs, figures 97- "
i 105 which, together with the Frontispiece and figure 21 are representative -
o ol those taken during the V-2 flight of March 7. They are indicative or the 3
; results which may be obtained Ly means of photography at very high altitudes. s
- e
Ry '
K "
5 =
() A
=
-* “
N -
Y :
\%TW‘FW‘?-‘.-‘L-‘}"}‘I-"I- N TN
A AR

N . L la® AP
) T e e A W S T K

S NRTEN e -
- [ . I U . R
e Ay AT TN T A T T

‘&
o
Vo



e ' R
N 3

Fig. 96, V-2 rocket No. 21 on its launching platform,
showing one of the cameras mounted in the midsection




Fig. 97. A photograph taken 7 seconds after takeofr at an
altitude of 225 meters (750 feet). The camera was pointed
southeast. Desert scrub bushes can be seen,
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The camera was pointed southeast.

A photograph taken 43 seconds after takeoff at an alti-

98,
tude of 12 kilometers (7 miles),

Fig.
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f Fig. 59. A photograph taken 63 seconds after takeoff at an alti-

tude of 34 kilometers (21 miles).

The camera was pointed southeast.

I+ .



Fig. 100. A photograph taken 8l soconds after takeoff at an altitude of
60 kilometerz (37 miles). The cumera was pointed west. Part of White
Sands area shown in lower laft, (Fig.103 siiows same area at a higher altitude.)
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Fig. 101, A photograph was taken 100 seconds after takecff at an alti-
tude of 85 kilometers (53 miles). The camera was pointed noitheast .
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Fig. 102, A photograph taken 136 seconds after takeoff at an
altitude of 123 kilometers (76 miles). The camera was pointed
north ncrtheast. A portion of the lake formed by Caballc Dam on
the Rio Grande River is visible in the lower left hand corner.
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Fig. 103. A photograph tuken 155 seconds after takeoff at an
. altitude of 137 kilometers (85 miles). The camera was pointed
southwest. The White Sands ::gion appears between the clouds
in the right center, The rocket came to earth in this area .
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Fig. 104, A photograph taken 190 seconds after takeoff at an altitude
of 156 kilometers (97 miles). The camera was pointed southwest. Cuballo
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.




Fig, 105. A photograph taken 209 sacondy atter takeoff{ at an alti-
tude of 161 kilometers (100 miles). The curvature ot the earth may
be cleirly seen. The camera was pointed towiard the northwest .




CHAPTER X

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

by
H. E. Newell, Jr.

INTRODUCTION

A knowledge of missile attitude as a tunction of time is an important
factor in the interpretation of many of the upper atmosphere measurements
made from the V-2, Since the rocket is stabiliged 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 cutof? 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 Equations of Motion,

. The axes of figure 106 are thought of as attached to the center of mass
0:(E,M,Z) 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 O, @, Wshown in

2z 2

VAl

\\ L}
N

Fig. 106. Diagram showing the Fig. 107. Diagram illustrating the
relationship between a fixed set

of axes and the Eulerian angles

position of the moving axes of Fig.
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

ol (X, Y, 2)-axes, :
= Let WUx Yy @ be the components of the angular velocity of the rocket .
= reterred to the (x, y, z)-axes. Then |
By . . "
;_‘:: U,;:?sinw_gsinOcosW S
oY Wy = @ cos W+ ¢ sin @ sin ¥ '
L Wy =¥ +g cos 6.
:}:f The kinetic energy of the rocket is given by i
‘)\'\:t \
LN £2 s 2 22 \
% R R R e R 0] :

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

= -2 =2 =2

V=X ) Een L
Hence the Lagrangian function L is of the form
- 2 2 2 s == 2 =2 .
L-i(wax +1ywy +Izw’)+ f(&, n, ¢ 5,11,;), . -
where F does not involve the Eulerian angles.

Set Iy =1y =a, I, = c. Then '
[] - 2 . [J
L=% [3(92 + @ 8in ©) + c(y+ @ cos 0)2] + L.

Substituting into Lagrange's equation
4(%)-Z o, |

at\ 5d
where q is any one of ©, @, ¥, one obtains, after some simplitication, in-
cluding two immediate integrations: |

la.) .0'—¢'52 sin . ros @4 ;-zésin e=0

1b.) @ sin® 0+ PBQ, cos 6= h.

lc.) W+ @ cos 6=9;.

Here B =§ and h and Qz are ~ . .ants of integration.

"::EZ;: The equetion 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 1lb,) .

PR -BQs cos ©
: sin® ©

Using this in la.):

02 e - B 20

Multiplying through the last equation by 2 @ and integrating:
24222+ B 98 - mBO; cous

sin? @

where

h2 +52Q,2 - 2h Oy cos O
sin? o,

A2=.Qg+

and & =6(0) , @ =0(0).

This reduces to

'eaino=i[92-A2 (-hf.ﬂl_..coa 9)2]’} ,

where
2020 2
52=A2—(h2+3292)+ h é 'QI .
) 17

Integrating:

arcsin -BB& ;BAZ L =7 tAt,
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where

T v,
B L)
PR
s F B
. B

2
Y =arcsin hﬂ&L; A” cos 6o . :
B

-«

P i~ 3
I

LA g
.
Yy e 5 S
LT
LT L I L

Lt at.
R

r

Solving for cos @:

2.) cos 0= 1B% B i (yiar) .,
AR A

e Ty
e
ALY |

The azimuth angle @ can now be obtained as follows, From 1lb.):

,,
s
s

¢= h-BQicosO___ dag S
sin? @ de

a5 |00

AU
»

., .',% A —..

Using the expression derived earlier for 0 sin 0 , this becomes

fs

. .
»
h Ty
v
.
& ] . 8

-

dg h -BQg cos @

ae +sin @ BZ-AZ(.%'Q_E_cosO)Zli-

Upon integration -

3
g
’

SNy
XN

. ¢

19

LR

B2, - h cos © _ arctan __ﬂ.Qz - h cos Qg

[B2 - A2(—;}‘g2 - cos O) 2]-} [B2 - Az('ﬁ.'——g- ~ cos Go) 2]% )

or N

3.) ¢ - go =1 arctan

. "y

P N s
P}
»
r

-

..
o,
'
I.'/,-_
LA

BQ; -hcos® . ian fR2; - h cos 65
9 sin © Qo sin ©o

3',) @ - @o=arctan

Also, using 2.) and -
© sin 6= * B cos (7 *at), S

311,) @ - P,= arctan B (AR « h2)+ h AB sin (YEAL) .01 B% - hcos 8 , - x
+ A B cos (¥At) Q¢ sin 6, _:_:::‘\
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Finally, from lc.)

NS 2N

P N

. \V-.Qg-ﬁcose

"' |,". KPP

2 eI

. i,___g_hcoaO-ﬂ.QicoazG

g 1l - cos? @

!;f Yl

St L TR AN

'g - ﬂﬁL-hcosO+']_'
Va=(1-8) 9 "'[ 1 - cos2 © ¢ g

V=1 -B)Qy -+ —m b
l+coso

L) W-¥, =(1-B)2,t - (¢ -0,) 12[3,.:“,, (A% + nBQg) tan ¥ (¥ *4t) - AB
- ° : ° CEYEN

m.v'.';"
’ o o 2" R
o 0
e b R SRR

- arctan (Az + hﬁgil tan % 7~ AB ] o
A (h+BQ2).)

’

x4

YA - 1 RN

Integration of the equations of motion,

Case 2, 6 assumes gero values,

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

1 AR

BR, =h,

whence e

é=BQ,(1-coso)= Bz .t;!

sin® ¢ 1l 4+cos @ N

‘a’x

\

7 4
& & .a &8 .2
.

Pl ol

Equation la.) becomes 3‘
N

5 B2 2,2 (1 - cos 0)2 2

= . E

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

a_gez_ﬂzgf[l-coao]’ ?:
l+cos@ N
This can be put in the form \
6.:1_29.5_ 1_ 9%+ 8292 00 : . :

4 2 "

cos 2 902

3

Thus g E
] |5’F— 2_2 -

It is now a simple matter to obtain E,

Q 2 2.2 N

é.) tan (¢ - @,) = B9, tan,&‘/Qg +gQ° ¢, .
i?aoﬁ v 8227 -

:

and L
70) w-%-(l-ﬁ)g't+¢-¢o . ';::
-

General discussion of the motion., The zenith angle @ has an extremum when @ .
vanishes; that is, when B = O or when :f
N

cos (Y £AL) =0 ;

:

Y AT + vx ,

2 -

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

hﬁgi _§ y TEM =T s2un

cos q(,
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, Co.O.-ifagLvl-% ’ YtAt-f-c-(mu +l)wx ,

. where Gy and @y are the maximum and minimm values of © respectively.

Using 3'.) and 3''.) it 1s easily shown thatBQg - 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 asimuths ¢ corresponding to
the various times when O assumes its extreme values » differ among themselves
only by multiples of .

Figure 108 is a schematic drawing of the trace of the s -axis on a unit
sphere about the origin, <420 P¥ and L Z0 Py, are Oy and Oy respectively.
Let Z be moved along the great circle arc 3 to a new position Z'. Let

< Z'0s be denoted by Q', and LZ0Z' by . Then if s is close to, but not
coincident with, Py:

|0-9'| La,
whoreas if g coincides with Py
, 9-9', =a.

Thus @ - 0' has an extremum when s coincides with Py, and ¢ - ¢! van-
ishes. Since at this point d also
vanishes, it is clear that &' = 0,
and that 0 has an extremum,

Similarly 6' has an extremum
when g 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 Py2
to the point midway between Py and Py,
Then as Z approaches its new position,
Oy and Oy approach a common value, and
B> 0. Thus if the (X, Y, Z)-axes be
chosen with the new orientation, B =0,
and

&4,
Yyl

<
e %
Sos

It e 72

"
-~
D)

X et = 0 ,

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

- ' =0, . :

; :

e The prime superscript will be used consistently to denote quantities re-

;"; ferred to the new (X, Y, Z)-axes,

:: Equation la,) becomes:

} - §* #in @' (' cos O - BQ) =0 .

E The case in which @' sin ¢' = 0 is that in which the direction of the s~

£ axis is fixed, and the rocket merely spins about this axis. Otherwise

Al

X LT :
o cos 0! "
* =
A Then from 1b.): oo
1 e
3 R
i. BR =h' cos &' , F&:Z:
- and E
E':: b' = h' = -Q¢l ’

3 where .Q¢o = #'(0).

3

:: ¢' - ¢°' = g¢l t .

: Also )

Wi+t cos 0= Q

Vi (1-8)g,
; oW = (1-P)0 b .




139
Collecting rormulas

BQ,

r @' = arccos %
hl

¢t_.@;=hgb,t
4 w-wo' = (l -B).Qz t.

8,)

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 busis 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 cne immediately obtains Qz, ©m, and @y. Then

£ hBQ

:-‘t — 2. =1 (cos 6, + cos ey)
B — w

o = 4 (cos 6, - cos Oy)

> A= @ asin e
N &
: B (22 )2t
L A2 AR
p N
-’,'44
“iu" A
v "
ﬁ h = hﬂgz . Az .
v 4 B2y
3
Ry The corstant ¥ can now be' determined, and #f - @, and W-¥, can be obtained
ﬁ from 3'0) and ho)o
.k. X Ifﬂ.Qz - h cos 6 never vanishes, the zenith angle of the axis of pre-
I cession ie given by #{(@Qy + 6,), and the inclination of the spin axis to the
e precessional axis is A(0y - Qns. Cn the other hand, if Bk - h cos © changes

W sign as © varies, then the zepith angle of the precessional axis is (6 - €y),
and the inclination of the precessional axis thereto is 3 (em + Op).
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) CHAPTER XI
o
0 THE TELEMETERING SYSTEM
d oy %
N 1 Vo
’y S. W. Lichtman, J. T. Mengel and C. H. Smith, Jr, 2
EE &
i INTRODUCTION m
o The March 7 V-2 firing was the eighteenth in which the Naval Research ii
:{ Laboratory telemetering system was used, The system, designed, installed o
3 and operated by the Laboratory apscifically for uss in the upper atmogcpliere :;«
research program, was alsc employed in all seventeern of those previous flights ,}ﬁ
in which telemetering played a part, An account of the progress mede in the e
early stages of the program was given in earlisr reports of this seriez.< E%
Since the last report, & considerable advance has been made toward in- l;:
proving the performance of the telemetering system, including the establish- N
ment of a permanent telemetering grcund station, and the development of an o

s

automatic pre-flight calibrator. Design changes in the present system ine
clude the use of circular polarization, and of o turnstile antenna. In addi-

tion, a new system employing pulse matrix principvles has teen designed and s
is now under construction. It is anticipatad that it will be reacy for uss AT
in April 1948. h
| 3
The telemetering ground station is cascribad in Section A of this chap~ - b
ter., The preflight calibration procedure is dztailed in Seztion B and the EE
receivers and servo-controlled receiving antennas are takan up in Section C, A
A discussion of the recent improverents in the rocket-borne transmiiting ar- jy’
tennas is contained in Section D. An opsrational report on the firings from .ﬁ:
December 5, 1946 through March 7, 1947 is given in Section E. The improve- L9
ments contemplated for the remainder of 1947 are discussed in Section F, and N
a general description of the new pulse mutrix telemstering systom is present- .
ed in Section G. :~;
0 o
»l, Co oS
I' 1The accomplishments and developments described in this chepter are the re- =
:j sult of the combined efforts of tlie membuers of the Electronic Instrumentation .

e

-‘
Subsection of the Rocket-Scnde Research Sestion. The authors wish to mention *
particularly Messrs. V. L. Heerern, P, R, Shifflett, K. M. Uglow and J. Y. Yuen o
for their contributicns to the ground station develogments; Mr. R. E, Tayler -

Lo s

L

for his work on the rocket-bcrne antennas; Mr, b. G, Mazur and Mr. H. A,
Strothers for their assistance in the design of the rew pulse matrix system;
and Mr. J. R. Kauke for his part in establishing the present grcund ststion
in a permanent building and in solving many of the operatioral problems en-
countered at the White Sands Proving Grounds.

o - § A

2Naval Research Laboratory Report No, R-295%, Chapter II, Section C ;g
Naval Research Laboratory Report No. R-7030, Chapter III, 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, tformerly 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 ot 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 builiing at the White Sands Proving Grounds
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ment. of the tslemetering building on the roof of telemetering building

j:a, The interior arrangement of the telemetering house appears in figure 110, f
e and the disposition of equipment on the roof is illustrated in figure 111, :
iii The decoders, receivers, video amplifiers and monitoring oscilloscopes for :
o stations I-A and I-B are located together at positions A and B, respectively. ;
N The string oscillograph recorders are mounted on a bench along the south wall, I
e Two of these, labelled R) and Ry, are twenty~-four channel Hathaway units equip-
;u: ed with fifteen galvanometers and two side-msrking solenoids. Recorders R2
a and R3 are similar, but with twelve channels and twelve galvanometers. The :
- fifth instrument was built by the General Electric Company. Its six channels ;
BN record information pertaining to rocket propulsion and control. The side .
e . marker solenoids on the Hathaway recorders are used to record vne second in- :
5{:. tervals marked by a Navy chronometer. Take-off time and elapsed flight time ’
v are recorded from the blockhouse master time signal on cne of the galvanometers !
S in each recorder. Figures 112 and 113 are photographs cf stations i-A and I-B -
o respectively, while figure 11/ shows the arrangement of the recorders., The y
- ground station circuitry is essentially the same as that described in the pre- '
4 vious reports of this series.3 \
i;_,::\ v y .
] o~ .~ =i~ -
hos i i k | y &
A . boo\E € » ! =l
!‘ Y : : [ 1 I ! N | woO| I
: .\‘ | I | DD DI—] \ -
i‘n \ i ol el Food : ] Ll ] I
TN B | I \ 1 -
._-‘\‘ [ | |'d t
oy O .
oA | 1= 1a ] v — )
- [ — L:Fi}: e dlES v | — ;
BCARE A 1 e 1= .
R 1 e = | — \
A SER /=R nl — ‘
W o 2 :
3'.{3". i \ - mJﬁ
R o : Ty :
o | e e o dn N ; —C 3 :
-,._T. ] l Y -
":S / . " \
NeY L — ___|
Y oo 13 e oo SR e SO .
E. WD T el e S :
. G-GWIGATQ?C RECE'VERS M-GCATPENTER SHED SONOVTIONER . -
. D -BCSIO-T COMMUNCATION TRaNS. 170 o lome oave .
o) T, TaTs - TELEPHONES O-RECORDER CUNTROL PANEL V= CNMNGATIN RECEIVING ‘
E N g::: :gg: Lok LOCK :j m&’ﬁn s W~ COMMUNCATION TRANSMITTING .
G- HEAD AMPUFER ANTZNNA -
fig. 110, The interior arrange- Fig. 111, Disposition ¢f equipment :

3Naval Research laboratory Report No, B-2955, Chapter II, Section C and
Naval Research laboratory Report No. Be3030, Chapter III.
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- i
!
:" ) Fig. 112, Telemetering ground station I-A
~
. .7 Fig. 1i3, Teleametering ground station I-B N
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The film recorders installed in the telemetering building

The radio communication station located in the telemestering
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- 5;
" quarters and test aircraft, and for relaying information to other Naval Re- g
. - search Laboratory sites farther up the firing range. A similar communication S

station is mounted in the trailer which houses the third telemetering ground

station.

R TP R

o ala .

The telemetering record is made on film which is developed and processed
by the New Mexico College of Agriculture and Mechanic Arts, under a contract
with the Office of Naval Research. The college maintains a mastsr storage

file of all film records of the varicus flights. Prints of these sra fur- -

nished upon request to any participating agency concerned. A file-of record N

prints and anulyses is also maintained at the Naval Research Laboratory. F

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 B

flight. Accordingly, complete developing and processing facilities are pro- -

vided in the telemetering ground station building. The darkroom appears at B

: 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

R (9.5 in.) film in lengths up to 60 m (200 ft). A normal pre-flight test in- >

volves the yse of 150 m (500 ft) of film. @

Power is supplied by an M-18 motor generator unit capable of delivering R

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- :\.l

sentation on a cathode ray tube, and a wire recorder which made a record of the .

video output. s

-~

However, satisfactory records were furnished by the Hathaway instruments E

-~ during each of the tlights in that series. This form of record was also the =

e most suitable for purposes of analysis. Its dependability and superior reading 3
e characteristics led to the decision to dispense with the alternative recording

:}_: methods. Accordingly, beginning with the third cycle of V-2 firings, only the -

::.’4' primary recording system was employed. iy
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rs;-j B. The Calibration Procedure

&

el

A 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-
paS ibration curves must be drawn for each measuring instrument. This part of the
-:.t-' procedure is conducted by the interested agency, and is independent of the cal-
o 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
N which it represents. The data voltages change form several times in the telem-
e etering process, hence the system must be adjusted at each point of change in
3 order to insure that all voltages remain within the acceptance ranges of the
AN various components, and to make the operation of the system as nearly linear
ahe as possible, The large number of telemetering channels multiply the number

- of adjustments which must be made, To make adjustments and calibrations as

;5.; accurately and rapidly as possible speciali methods were developed, and spe~

cial equipment was ddsigned and constructed. A typical calibration is de-
ey scribed below.,

The pulse spacings of the time modulation in the airborne transmitter

LR Ll . N P S it A

T FEL =, x e

{' are adjusted so that 50 and 200 microsecond intervals correspond to data

P voltages of O and 5 volts, respectively. The two extreme voltages are ap-
1::\ plied alternately to each channel, and adjustments are made until the correct
AN pulse spacings are obtained. These adjustments are performed in sequence

e from channel 1 through channel 23,

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

!

’Q," When adjustments are completed, the Hathaway recorder in the ground

j\:;} station is operated, and calibrated voltage levels are inserted into each

™ channel of the airborne tranamitter in 0.5 volt steps from O to 5 volts. In
)\jj this way a check is made on the linearity of each channel. During an actual
e 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 & measure of any slow drift in the system, and provide
S a true voltage calibration throughout the transmission.

In order to obtain a more accurate and rapid means of calibrating each

DL [

i .
ARSI I

FE o e # e . e TE

Pacl A T R

A ¢ LN R

channel in the overall system, a preflight calibrator was constructed. A y
circuit diagram of this device is shown in figure 116. The connections to k
o the telemetering channels are made through two AN-3108-20-IP connectors which .
TN are attached to the airborne unit in place of the leads from the measuring
S instruments, Calibration voltages are inserted into each of the channels in :
S 0.5 volt steps from O to 5 volts, each half volt step being adjustable. The .
o adjustability makes it possible to compensate for variations in the supply N
" voltage, which ranges from 5 to 7 volts, o
i)
3
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e

! .

nel Manual selection of the voltages is made by means of the selector

N switch, SW=3, and manual selection of the channel to be calibrated by SW-4.

| A 0-to0 5-volt precicion d-c meter, having an impedance of at least 200 ohms .

oy per volt, is connected to the meter terminals to indicate the voltage select-

{t}: ed by SW=3. The impedance of the meter does not aftect the calibration, pro-

Y vided it remains the same from the time the voltages are adjusted until after

;iﬁ‘ the calibration is completed. SW-2 is & microswitch for measuring the supply

RN vcltage at the 5 volt tap point. It is also vsed in making those telemeter-
= ing system adjustments which require the alternate application of O and 5

o volts.,

f;k‘

}Ef All velemstering channels are not calibrated simultaneously due to the

3?\; presence of cross-talk. The interference is most severe between adjacent

S 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

T other by at least nine intervening channels. A 1000 ohm shunting resistor

e is employed to reduce any error which may be due to differences in the chan-

;;xj nel input impedances. The maximum possible error is = 0.5%, a negligible

et quantity in this operation. Since it is proportional to the calibration

DA voltage amplitude, its effect is further reduced by the two reference volt-

vg; ages which are transmitted periodically during each flight.

\‘_\‘

-3:: When switches SW-3 and SW-4 are in the automatic position, the opera-

NN tion of switch SW-6 causes the two telephone stepper relays K-8 and K-9 to

s make proper voltage and channel selections. Relay K;9 makes the voltage

ey 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

e zero calibration point. When the selector arms of K-9 advance to step 1,

O terminals A and B open, and the selector arm of the first bank of contacts

fﬁ{ chooses the 0,5 volt calibration voltage. As the arm advances from step to

e step, the calibration voltage increases in steps until the 5 volt point is

Ry 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

wa 1, This insures that at least two channels will be connected at all times

AN and, therefore, that a more nearly constant impedance will be presented to

N the voltage source. During the calibration process, the selector arm of K-9

EReN passes over all positions for each setting of K-8. This gives an eleven-

RN point, calibration for each group of channels. When the calibration of all

e 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 turhed 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 actions is a very important
co 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.

. Agtion 1. The pressing of switch SW-6 causes terminal C of that switch to be

grounded through terminal B. This, in turn, grounds one terminul 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 ¢ 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 returan of relay K-l, which had°been made .
through those contacts. However, terminal A of K-2 supplies power to K3, |
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 :
2i~volt power to the other side of coil K-1, and K-1 closes. Terminal J also :
supplies 2i~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, I

Action 2, Switch SW-6 is releused, brsaking the ground connection to k-2, :v
thus mow:l.ng this rela; to open. Power is disconnecied from the release .
coils of the stepper relays, making them ready for the stepping action. Pow= :
- or is also disconnected from the coils of K-3 and K~7, however, because of I
their delayed opening characteristic, they remain closed until shortly after !
action 2 is completed. The ground connection of K-l remains closed, and 24~
volt power is supplied to the coil of K-l through its terminals B, C, E, and
F. All 24-volt power passes through thepe terminals during each of the sub~
soquent 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«i. The 4L ut con-
denser in parallel with X-4 charges, csusing this relay to closa, The 2~
volt connection through its terminals A and B is broken, bu! K-j receivsa
power from the condenser until it is dischcrged. Terminals B cnd C of K-l
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 -~ A of K-6 tc the

PP B B AR S U T

C w3 > o~ -

stepper coil of K-9, The selector arm is advanced to step 1, and terminals

4 B and C of K-9 make contact, providing another ground return for K-l1.
NN X
'.;::j Action 3. Relay K-3, having been held closed since action 1 by its delay -
e characteristic nowopons, bresking the first ground return of XK-1. The sec- .
A ond ground return is still maintained thrcugh terminals B and C of K-9. :
w3t This action occurs one-quarter >f & sscond after action 2. Relay K-7 opens k
> & half second after action 2. :
::j;.'i' Action 4, The condenser in parallel with the coil of relay K-/ becomes ef-
Q i ?octiva.y discharged about one~third of a sscond after the relay closes., This -
’ allows K-4 to open. Power is disconnected from K-5 and this relay opens, The 3
:.‘ condenser in parallel with the coil of K-5 prevents sparking at the B-C con~ 3
- tact point in relay K-4, however, its capacitance ie 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 stapper lever relaxea. The condenser across K-9 prevents
sparking at the B=-C contact point in relay K-5.

Ac%ﬁ 5. When K-4 opens, the 24~volt power again charges the condenser in
partllel with its coil, in approximately one-tenth of a second, whereupon
the relay closes. Powsr 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-i4 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 exscutions 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, 2~
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-quarver secord 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 th) ground return of K-1 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. Reley K-6 opens one-quarter of a second
after action 8 begins.

Action 9. The sequence of actions 4, 5, 6, 7 and 8 is repeated until the
selector arm of K-8 reaches position 10 in the course of one of the exscu-
tions of action 8. At this point the selector arm of K-9 is in the start-

ing position.

Action 10, As in action 7, relay K-/ opens, allowing K-5 Lo open. The re-
lease lever of k-9 and the stepper lever of K-8 then relx, When K-5 opens,
power flows through its terminals B and A through position 10 of K-8, to re=-
lay K=7, whick 1s thereby closed,

Action 1l. An action 5 follows actiorn 10, thereupon actions 4 and 5 occur

ternately until the selector arm of K-9 reaches position 10, Action 11 is
similar to action 6, sxcept that each time K-5 opens, power flows to K-7,
holding it closed. The amcunt of time by which the opening of K-7 is delay-
od is greater than the interval during which power is disconnected from it ’
thereforo, this relay remains closed during action 11,
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Action 12, Relays K-4 and X-5 open as in action 7 and power flows through
terminals B and A of K-5, through the selector arms of K-8 and K-9, closing
K-6 and holding X-7 closec,

Action 13. Relays K-4 and K-5 close, allowing power to flow through contacts
B and C of K~5 to the release coil of K-9, and thence through contacts B and
C of K-7 to the release coil of K-8, The selector arms of both stepper re-
lays are then released to thoir respective atarting positions. Terminals B
and C of both K-8 and X-9 separate, breaking all ground connections to relay
K-1. The latter then opens, disconnecting the 24-volt supply from all relay
circuits, This ends the complete calibration action,

C. The Receiving System

The telemetering receiving antennas employ circularly polarised para-
bolic reflectors mounted on two-axis, servo-drivon pedestals, These may be
remotely controlled by means of & manual tracking unit, an optical director,
or an electronic tracking system which trains the antenna on the maximum of
the received signal. The antenna system is shown in figure 117. It consists
of a 122 cm (48 in.) paraboloid, energized by a three-phase circularly polar-
ized element.

The antenna is driven in both asimuth and elevation by two-phase a-c
servo motors of the low-inertia type. They are Navy type 211515, and have a

Fig. 117. The telemetering receiving
anteana mounted on the roof of the tele-
metering bilding at the White Sands
Proving Grounds
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power output of 50 watts, The gear ratios in both agzimuth and elevation are
about 250 to 1. The full speed tracking rates are 60° per second, One-speed
synchro gearing provides sufi'icient accuracy for the antenna beam-width em=
ployed. A coaxial contact-type rotary joint allows rotation in asimuth, and
& length of flexible coaxial line permits rotation in the vertical plane,

The servo system is a conventional a-c control unit. The synchro error
signal is amplified, shifted in phase by 90°, and applied to one winding of
the two-phase servo motor. The other winding is connected to the same 115-
volt source as the synchro generator rotor. Under these conditions the motor
will always run in such a direction as to reduce the error signal. As a re-
sult, the antenna follows the director synchro generator. A schematic dia-
gram of the system is given in figure 118,

The systam is stabilized by the antihunt circuit shown in figure 119.
This is a modified, bridged-T, band-elimination network which rejects the
error signal frequency or 60 cycles. Its bandwidth is variable. Control re-
sistor R-222 is adjusted so that the cuadrature component of the filter out-
put 1s gero at the fundamental frequency. Potentiometer R-221 controls the
bandwidth and maximum rejections of the filter, determining the amount of in-
phase component adced in series by transformer T-201. The setting of R-222
is fixed for a given a-c line frequency, while the setting of R-221 depends
upon the characteristics of the servo system, and particularly upon the in-
ertia presented to the driving motor. Thus, in general, the setting of R-221
will depend upon whether the amplifier is used for azimuth or for elevation
control. The filter attenuates the fundamental of an error signal of vary-
ing amplitude to a much greater degree than it does the sidebands. Thus,
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the latter combine in the output to - R AW -
give a 60 cycle voltage whose ampli- h_J

tude is proportional to the rate of erroR pr Py 10 VOLTAGE
change of the error signal amplitude, sienaL ! AMFLIFIER
and to the smell amount of fundamen- INPUT  nees STAGES
tal frequency remaining., In this ] |
action the circuit is analogous to

the differentiating circuits employ- r b

ed to stabilize d-c control servo - §Ren Reae

systems, The differentiation allows '
the drive motor to be controlled by \' T2d!

changes in the amplitude of the syn-
chro error signal, Thus, a decreas-
ing signal causes reverse voltage to T
be applied to the motor, braking it

and reducing or preventing the over-
shuot. and the hunting oscillations which are due to inertia.

Fig. 119. Servo antihunt network

Following the antihunt circuit is a two stage voltage amplifier., This
compensates for the large attenuation which occurs in the antihunt nstwork,
The network between the two halves of the 6SL7 serves to attenuate those
harmonics of the synchro output which have been emphasized by the antihunt

. network, It also shifts the phase of the amplifier output by 90° to operate

the two-phase servo motor. Following the voltage amplifiers is a 6V6 power
amplifier which drives a pair of 807 type tubes in class ABy operation,
About 80 watts of output power is supplied to operate the servo drive motor,

The receiving antennas are controlled by an Army Ordnance M-2 Trackerk,
which is installed at the telemetering sround station. The M-2 is a fire-
control tracking unit equipped with eight-power telescopes. It can be oper-
ated by one man, however, a better performance is obtained with two operators,
The eight power telescopes are to be replaced by twenty power units as soon
a8 these can be procured, The azimuth data are furnished by a one-speed syn-
chro generator which controls the antennas. Elevation data are normally sup-
plied Ly a four-speed sBynchro generator, but such a system could not be used
with the one-speed antenna control system. Instead, the one-speed synchro
repeater provided in the director is used as a generator simply by locking
its dial mechanically to the coarse elevation irdicator dial.

The M=-2 tracker provides optional aided-tracking operation. In this
type of operation, the tracker is moved by slewing motors, while the hand-
wheels serve only to correct the present position of the director. The a-
mount and rate of correction added by the handwheels are integrated and the
resulting quantities are used to govern the speeds of the slewing motors.
These will thus maintain constant angular tracking rates unless and until

Log, War Dept. TM9-2300 "Standard Artillery and Fire Control Materit.l" 7 Feb,
1944 and TM9-1671-B "Ordnance Maintenance, Directors M9, etc." 13 July 1944,
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corrections are introduced as a result of the integration process., Thus, if
the angular velocities vary, the handwhecls are turnec, and the slewing motor
speeds change. This Lype of tracking is consideravly emoother and more accu-
rate than position trackirng, in which the handwheels control the tracking
angles directly. It alao has the advantage of keeping the target witnin the
field of view of the telescope oven though it may be concealed for short peri-
ods by small clouds. The director was first used to control the telemetering
antenna during the March 7 firing., It proved fairly successful, in spite of

a layer of high, scattered clouds.

An improved telemetering receiver for the V-2 program is under develop-
ment, It will provide both audio and video outputs, and employ automatic
gain control capable of handling the wide range of signal strengths received
from the rockets. It is designed to have an overall effective bandwidth of
L megacycles and a noise figure of less than 10 db, which correspotids to an
r-f sensitivity of 3 microvolts at a 50 ohm input impedance level,

The receiver employs an input tuning cavity with a bandwidth of 10 mega~-
cycles, a tuning range of 950 to 1,150 me, and an insertion loss of less
than 1 db., This unit can be switched in or out of the circuit. The erystal
mixer is fixed-tuned over the range from 950 to 1,150 mc. Fixed local oscil-
lavor coupling is used, Local oscillator power is controlled by the operat-
ing voltage of this component., A transit-time local oscillator with a single
tuning cavity is employed. The oscillator tube is a 2046 lighthouse triode,
developed especially for transit-time applications.

The intermediate frequency amplifier cbtains a low noise figure through
the use of a two-triode input circuit. The first stage uses a 6AK5 grounded
cathode which drives a 6J6 grounded grid amplifier. This is followed by four
6AK5 stages arranged in two stagger-tuned pairs.

The output of the video amplifier supplies about 1.5 volts to a 93 ohm
line, and 50 volts at a high impedance level, A pulse automatic gain con-
trol system is incorporated to regulate the i-f stages, It also furnishes
a current which is a function of received signal strengih to one of the Hath-
away recorders. A diocde pulse stretcher and amplifier supply the audio out-
put.

An experimental model has been completed, and extensive tests of the
components are now underway. '
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D. The Rocket~Borne Transmitting Antennas

The various motions executed by the V-2 during flight impose definite
restrictions upon the types of antennas which may be used to radiate the
. telemetering signal. During an average flight, the missile rolls, pitches f
: and yaws, Of these, the most troublesome motion is roll, The rocket does '
. not tumble in the course of a normal flight. Hence, antennas with hemi-
» spherical coverage mounted at the tail are adequate.

The problem of providing complete hemispherical coverage with an anten-

na mounted on & rotating rocket falls naturally into two parts, First, cir- "
cular polarization must be employed if the received signal is not to be char- :
acterized by the presence of periodic nulls, which are a function of the con- g
figuration of the antenna and the angle through which the rocket has rotated.
Second, the radiation pattern itself must be reasonably isotropic in the plane
plane of the elements, otherwise nulls will appear which are simultanecusly

4 function of the antenna pattern and the amount of roll. f

The first of these problems was solved by the use of the three-phass,
circularly polarised antenna which is described in an earlier report of this
series.5 Thas three-phase antenna, which replacea the original dipole instal-
lation, was employed during the third cycle of V-2 firings. Its pattern was
characterized by the existence of three main lobes and three rather sharp
nulls, This radiator was an interim device, relied upon to improve the per-
formance of the telemetering system until the present. antenna could be
brought into play, >

"R .Y, ",

. The turnstile antenna effectively solves both of these problems. It
was employed for the tirst time in the V-2 firing of March 7, and its use
was continued in the flights which followed. According to present plans, it
will be installed on all future V-2's, This antenna is plane polarized in the
plane of the elements, and circularly polarigzed in the direction normal to
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Fig. 120, The turnstile airborne transmitiing antenna
plane polarized radiation pattern in the plane of elements
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Fiz. 1«1, Comparisun of the radiat’on patterns of
the turnstile and three-phase transwmitting antennas

this plane, The pattern in the plane of the elements is nearly circular,

It is plotted in figures 120 and 12i,

The improvement is shown in figure 121 which compares the radiation
patterns of the two antsnnas., The interim antenns had nulls which were
7 db dewn from the maxima at 1025 mc, while the corresponding figure for

the turnstile is 1,5 db,
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The newly-designed antenna consists of two half-wave coplanar dipoles
mounted normaily to each other. The unit is illdstrated in figures 122 and
123, The two crossed dipoles sre fed with equal currents which are phased
90° apart in time. The radiaticn field may be made to rotate in either di-
rection, simply by causing the current in AC to lea“ or to lag the current
in BD. Rotaticn in the direction of increasing azimuth angle was chosen
for both the transmitting and receiving antennas., The turnstile's polar-
ization eccentricity in the direction normal to ths plane of its elements
is never greater than 3 db in the range from 975 to 1125 mec.

L L=BLECTRICAL LENGTH OF POLY F-i114
COAXIAL PHASING TRANS ORMER

b — £ 4 % et ¢ BaprrCTRICIL LENGTH OF LAW (437
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Fig. 122, Draving of the turnstile tranamitting antenna

POLY F-il) LAva (1137)
Fig. 123, Schematic diagram of the

turnstile transmitting antenna
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The turnstile antenna may be considered as essentially comprising four
identical, symmetrically-spaced elements, with terminals at the points label-
ed A,B, C and D in rigure 124(a). The relative magnitudes and phases of the
various currents can then be represented by means of the vector diagram of
figure 124(b). The current I leads
the current Ip by 509. Sinilarly, ) n
1c lags ID, IB lags Ic, and I lags A
Ip, in each case by 900, Both di- lA
poles are resonant, hence, the cur-
rent and voltage into each elemsnt .:TE—'g . —
are in phase, The impedances Z3 and T°
2}, are those presented by the dipoles.

The coupling between adjacent ele- Ie
ments is negligible. ¢

e [g—

Phasing is accomplished by feed- (B 1 Ia
ing the dipoles with separeted coax-
jal feeders having physical lengths
which are equal, and electrical
lengths which differ by & quarter- 2 1 ~Epe
wavelength. This is achieved by em-
ploying difierent dielectric mater-

\a

ials in the lines. Lava 1137 (di- e
electric constant: Cp = L.6) and .
Poly F-111k (dielectric constant: Eca
Cg = 2.1) are used, These dielec-
tric constants should not vary by more ¢ N
than .05 in either case. The phys- © Le Ve A
ical length is given by the rela- , La—=
tion: _ A Z5=2Z, 7,°50n Y4 EAC?
p=
LI ) - VAcp)] —e=Tg
where A is the wavelength in Ires — l _ .8
space. ) Zo 127 8
z 4" z 8 = : . " Z an?
Ther: are no appreciable shand- =0N.I37.0 Ip_ - >
ing waves on the dipole feederse. A/
The characteristic impedances of the J AT L=
teeders, Z, and Zp, are matched by (g, 12 i
dipole resistances of 50 and 60 ohms, Z;E; o;‘&fgﬁ‘é:ﬁ:ﬁ;gﬁﬁziia'

respectively. The center conduclors turnstile transmitting antenna

of these feeders loop together at the

point labelled E in tigure 122. A series quarter-wavelength transformer
matches the impedance at the point E to the 50 ohm characteristic impedance
of the RG-9/U feeder cable. The voltage standing wave ratio is 1,3:1, or
less, from 920 to 1115 mc. These measurements are plotted in figure 125.
Antenna currents are prevented from flowing on the outside of the RG~9/U
cable by means of & balanced-to-unbalanced transformer, congisting of a
RS high impedance, quarter-wavelength, shorted section of balanced transmission
t..: line. This section alsc serves as a mechanical support for the dipoles in

.- e WL, L,
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the manner illustrated in figure 122. The precautions taken to prevent arc
over in the transmission line will be continued. These include the use of

. pressurized fittings and Dow Corning No. 4 ignition sealing compound. The
turnstile antenna is mounted on fin I of the V-2 in the same way as was the
three-phase antenna.

An equivalent circuit diagram of the feed system is presented in fig-
ure 124(c). L, in this case, represents the electrical length of the Poly
F-111), phasing transformer, and L+ A/L, the electrical length of the Lava
1137 phasing transformer. Figure 126 is a photograph of the airbvorne turn-
stile mounted on a fin of the V-2, g

Fig. 125, Graph of vol~
tage standing-wave ratio
vs frequency for the turn-
. stile and three-phase air-
borne transmitting antennas
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Fig. 126. The turnstile transmitting antenna mounted on a tin of the V-2i{
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E. An Operational Report on the Firings From
December 5, 1946 Through March 7, 1947

Six V-2 firings occurred during the period from December 5, 1946 through
March:7, 1947. They are reviewed here to furnish an indication of the per-
formance of the telemetering system and to exemplify several of the situa-
tions dealt with elsewhere in this chapter,

Certain improvements incorporated in the equipment during this period
resulted in better system performance. Among these, three changes were most
important: the use of a circularly polarized antenna on the rocket, the use
of a circularly polarized receiving antenna with a servo-orerated parabolic
reflector, and a rearrangement ot the ground station together with an accom-
panying revision of the operating procedures.,

Table VI summarizes the results obtained at each receiving station dur-
ing the six firings. The time shown incolumn3 nearly always corresponds to
the time of impact, warhead blow-ott, or the disappearance of the missile be-
hind concealing terrain.

TABLE V1

SUMMARY OF THE PERFORMANCE OF THE TELEMETERING SYSTEM
DURING THE PERIOD FROM
DECEMBER 5, 1946 THROUGH MARCH 7, 1947

The percemtage of the time
shown in column 3 during
The time, in seconds, which a satisfactory record

after take-off at was obtained at station -
which the last readable
Firing Date record was cbtained 1-A 1-B 11
16 December 5, 1946 31 62,4 784 50.8
17 December 17, 1946 360 56.6 *8,1 17.7
18 January 10, 1947 300 93.4 95.7 #29,6
19 January 23, 1947 238 53.8 43.0 52.6
20 February 20, 1947 287 99.6 78.0 73.0
2 March 7, 1947 360 76.7 * #

#Ground equipment failure

#Operating personnel inexperienced.
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December 5, 1946 marked the first occasion uvpon which circularly polar-
ized antennas were used at toth the airborne and the ground stations. Sta-
tions I-A and I-B were fitted with the new equipment, while station II had

. the plane polerized antenna of the tirst system. The value of the change is
apparent. The difference in performence between stations I-A and I-B is a
reflecticn of the difference in the amount of experience of the operating

- personnel. The total amount of record obtained on this flight was exception-
al, in view of the highly erratic performance of the rocket. During the
portion of the flight above the atmosphere, the missile executed violent
end-over-end tumbling. This caused the path between transmitting and re-
ceiving antennas to be blocked periodically by the main body of the rocket
which, in turn, resulted in complete loss of the signal. The receiving
systemn did not employ automatic gain control. Therefore, the sudden dis-
appearance and reappearance of the signal made the tusk of the operating
crews unusually difficult,
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Missile 17 was fired at night on December 17, 1946. It reached a re-
cord altitude of 183 km (114 mi), Antenna tracking was hampered by the fact
that the missile was not visible beyond Brennschluss, The operating person-
nel who manned the equipment during the flight were relatively inexperienced.
These two factors were probable causes of the rather low level of pertormance
during this flight.
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The telemetering record made during the flight of January 10, 1947 was
. one ot the best ever obtained. Station I-B recorded continuously froa
Brennschluss until 300 secunds after take-off when the warhead was blown off.
The rocket control system did not operate properly after the first LO seconds
of the burning period. As a result, during the next 260 seconds of flight,
the missile rolled with a period of approximately one second. The rocket en-
gine was opsrating during the first 20 seconds of this period and the record
showed that the signal was lost each time the flame came between the trans-
mitting and receiving antennas. It was also clear from the record that the
fraction of time during which the signal was received decreased as the rock-
el ascended. The spinning of the rocket tended to prevent tumbling and thus
amade it less likely that the transmitting antenna would be shielded by any
parts of the V-2,
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The normal preflight procedure includes the preparation of a spare trans-
mitter. A type of periodic interference developed in the system shortly be-
fore firing time on January 12, The reserve transmitter was installed, but
ths difficulty persisted. The rocket was fired, after some improvements were
made, and it was noticed that the interference disappeared completely after _
take-off'. Subsequent analysis of the record indicated that the interference -
was caused by one of the rocket inverters.
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The tlight of missile 19 (January 23, 1947) was unusually erratic. Evi-
dence for this is seen in the telemetering record, which showed that the plate
voltage in the gyroscope computing unit dropped to zero 9.5 seconds after
take-off. This probably contributed to the uncommon performance. Since the
missile was visible during the entire flight, optical antenna tracking was
employed. This increased the amount of record obtained.
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Missile 20 (February20, 1947) performed in much the same manner as did
missile 18, (January 10, 1947) except that the period of rctation was much
longer. An excellent record was obtained because of the stability imparted
to the rocket by spin,

A zood record was obtained from rocket 21 (March 7, 1947) until 225 sec-
onds after take~off when the V-2 was 162 km (101 mi) above the earth, The
signal was sporadic trom this time on, as the rocket descended. A possible
explanation for the fairly sudden drop in received signal level is that the
air pressure in the coaxial cable feeding the antenna gradually decreased dur-
ing the ascent dueto a split in the outer covering. One such fissure was de-
tected before take-off and repaired, but it is possible that others may have
occurred if the low temperatures at high altitudes caused the covering to
harden and thereby become susceptible of splitting.

Experience has shown that several factors can cause a hiatus in the tele-
metering record. These include equipment failure, insufficlient transmitted
signal strength, errors in antenna training, an automatic gain control which
does not have a sufficiently rapid response, and the interruption of the ra-
diation path by parts of the rocket.

Equipment failures may be kept to a minimum in the usual ways. Hestric-
tions on the size, weight and radiated power of the transmitter are imposed
by the limitations of the V-2, Recent efforts had the complementary objec-
tive of increasing receiver sensitivity. The results are described in Sec-
tion C. It is estimated that they are equivalent to a ten-fold increase in
transmitted vpower,

The antenna at station II has a broader radiation pattern than those at
the other two stations. On several occasions the latter have lost the sig-~
nal for short periods, while station II continued to receive it. Thus, it is
seen that tracking errors still occur. They are being eliminated through the
continued training of operating personnel.

An automatic gain control with a rapid response is helpful to the tele-
metering operators, as well as to the antenna trainers. Such a control has
been incorporated in the receiver, and is described in Section C.

The rocket-borne antenna was located at a position outboard of fin I in
an effort to minimize the probability that other parts of the rocket would
intersect the transmission path. This change has overcome the difficulty to
some extent,
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i; F. Improvements in the Installations and Equipment
Al
™ . The experience acquired during the past sighteen months has indicated

the desirability of making & number of improvements in the telemetering
ground station installations. Tnese changes have been initiated, and iV is

. anticipated that they will be completed during the current year. They in-
clude the following:

(a) The iutroduction of commercial, 108-220 volt, three-phase power to
the telemetering btuilding. The commercially suppiied powsr will
be transmittsd via standard high-voltage poles to ¢ position 300
meters (1000 reet) from the building, where it will be transformed
to 108-220 voli, three-phase puwer in a concrete vault structure.
It will then be fed to the house by means of undergrouvnd lines,

(b) The installation of twenty-eight peirs of telephone lines connect-
ing the house to the base camp, the Army blockhouse, and the Navy
blockhouse. These lines will be laid underground from the house
to a point 300 meters (1000 feet) east, and carrled on standard
poles from there to the Army blockhouse where distribution tc the
other points will be effacted,

(¢) The installation of a complete hot water Lheating system and an-
automatic air conditioning-ventilating unit at the house. This
unit will wmake it possible to keep out the fine sand which now
intiltrstos throuvgh the ventilating system into the building.

Fig. 127. Commtator used with the telemetering system
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The acconpanying modificetions will include the installation of a
vestibule gas-lock at the east door, the sealing of the west door,
&rd che ritting ot the north door with dust-gaskets.

(d) The installation of poles at each sice ot the building for the
mounting of communication antennas., This will improve the relia- -
bility of radio communicaticn to the camp and to the more distant
Naval Research Laboratory field sites tarther up the firing range,
The &ntenna poles will be located so &s not Lo cause interference
with the telemetering system,

In addition to these improvenents to the buildings and facilities at
the telsmetering site, the tollowing iuprovements to the present telemeter-
ing equipmeat ar-e being initiated:

(a) The modification of the Army M-2 optical tracker as a director for
the ssrvo-controlled antennas. The tracker will be used to pro-
- vide continuous motion in elevation through the trull 180°, The M-
17 teleacopes in this unit will also be modified to provide 20-
power magniiication, This will make it easier to track the missile
at the peak of the trajectory.

(b) The construction of a video amplifier providing automatic gain
control for the i-f stages of the receiver. This unit will also ¢
provide a recorder output to aonitor the absolute level of the re-
ceived telemetoering signal.

(c) The use of two additional 2i4-channel Hathaway recorders at stations
I-A and I-B to obtain greater flexibiliiy cf oporation and increased
deflection amplitudes. A completely flexible patch board for the
recorder inputs will also be installed at the same time so that any
of the recorders can be fed from either of these two telemetering
stations,

(d) The development of an automatic tracker-director, operating on the
lobe-switching principle, capable of keeping the antsnnas directed
tcward the maxinum of the received telemetering signal,

The use of subcommtating devices as adjuncta t.o the telemstering sys-
tem has been described in a previous report of this series.6 These instru-
ments, capable of combining as many as 14 sub-channels in a single telemeter-
ing channel, were designed, built, and used by the Rocket-Sonde Research Sec-
tion in connection with four V-2 firings. Good reaults were obtained. The
section has continued and expanded the prograr by procuring ten commutators
from the Hathaway Instrument Company. These are sixty sub-channel units
whigh feed four telemetering channels simultaneously. A photograph cf one
of these cammutators appears in figure 127,

6Naval Research Laboretory Report No, R-2955, Chapter II, Section C.
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PRy Ge. A General Description of the New Naval Research Laboratory

AR Pulse Matrix Telemetering System

= :
—

\;:;-‘_ The present telemstering system was developed within a period of three

W months at the outset of the Rocket Sonde Research Program in order to make

‘:j;:\-f- the service availlable ror the first v-z tirings at White Sands Proving

Grounds, That this equipment included various undesirable features was re-
— cogniged frow the beginning. Accordingly, a new telemetering system possess- '
ing superior characteristics has been under development in the Rocket-Sonde
Research Section since the summer of 1946,

This sysi.cm is a pulse matrix type, employing pulse time modulation.
It provides thirty channels and a sampling rate of 312 cycles per second, )
The airborne unit has a minimum peak r-f output power of three kw at 1000 [

Ry megacycles,
o :
BN The wystem differs from tho one now in use in that equally spaced time ;
=i reference pulses ares used tor the initiation of each channel sampling inter- :
o val, rather than a pulse derived from the end of the previous sampling inter- .
:; val, The modulation intelligence consists of the series of equally spaced i
e marker puises interleaved with a succession of channel information pulses, \
L Channel intslligence is contained in the time spacing between a channel in- .
At tormation pulse and ita correaponding time references marker. All marker ’
-s_’.:-f pulses are supressed during transmission with the exception of one during .
._i . each sampling period. This is a triple pulse, suitably coded in time spacing .
— 80 as to distinguish it from the channel information pulses, which furnishes :
\*‘: the basis for synchronization of the ground station, .
1( A achematic diagram of the sirborne unit, including the multiplex mod- .
': ulator, is shown in figure 128, The correaponding ground station is represent- "
e ed in block diagram form in figure 129, .
— "
~ b
VN The multiplex modulator of the rocket-borne tranamitter utilises a series ‘
NN or triggering pulses which are initiated by & 10 kc oscillator and shaped in
e pulse rorming tubes, labelled T-l, T-2, and T-3 in rigure 128, The pulses are
s injected successively iuto the screen grid elements of 32 thyratron tubes »
e which form a closed ctain. In the process, the 10 kc oscillator controls the -
— tubes labell  T-4 through T-35, so that they fire in succession st precisely B
A K

100 microsecond intervals. Euach tube remains conducting tor at least 100
microsevonds during each group period., The exact time duration is made as
tlose as posoible to 100 microseconds by chooaing the tube and circuit con-
ztants properly.

™
ad

The firat tube in ths chain !s free running, with a period exceeding the
group sampling time, This makes the chain self-starting.. Since the group

T AT

a7 periods and the channel tiring periods are both controlled by the 10 k¢ os- N
NS cillator, they are uniform in length, When T-4 tires, a saw~tooth voltage A
ke wave 1s generuted in its cathode circuit; R-1, C-l. This voltage is coupled -
A through condenser C-4 to the control grid of the next tube in the chain., The i-
:—'j :‘
:‘.‘. N .
i .
-4 -
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tube is then primed, i.e., it will fire upon the arrival of tne next trigger- \
ing pulsc from the oscillator. The process then repeats itself, travelling

Nl ¢ from one tube to ti:ie next,until it has run the entire length of the chain.

N No tube in the chain can fire unless the priming voltage obtained from the :
L przvious tube and the trivgering pulse from the 10 k¢ oscillator are simul- :
Ty taneously impressed on its control and screen grids, respectively. The fin- .
o al tube, T-35, furnishes the priming voltage for T-4, the first tube in the )
r;§; chain, enabling it to fire upon the arrival of the next oscillator triggering :

pulse. The chain is therefore closed. In this manner the chain tubes are ;

N flashed in succession by the 10 kc tripggering pulses, and a sequence of 100 ,
by microsecond saw-tooth voltages are generated. ;
l?if The saw-tooth voltage developed in the cathode circuit of each chain X
Ta tube is applied through 4 coupling circuit, e.g., C-2 ana R-2 in the circuit :
— of T-4, to a grid element of one or the pickoft tubes in a second bank of !
?ﬁ thyratrons. The tubes in this group are labelled T-36 through 1-65, respect- )

ively, one being used in each channel, The data voltage is applied to the

T ] N _
e same grid element of the pickoff tube for example, through network R-3, R-4, ;
= R~5 and C-3 in the case of tube T-36. Thus, a thyratron in the second bank -
W conducts, for a uvrief period, whenever the sum of the data and saw-tooth vol- -
1 tages reaches the firing potential. This acticn causes a narrow pulse to be !
o~ developed in the cathode circuit. A change in the amplitude of a data vol- :
AR tage causes a proportional change in the amount ~f time which elapses before .
o~ Lhe corresponding pulse appears. Lata voltage amzliitudes are thus represent- ;
e A ed by time intervals at this point in the telemetering system. The sampling X
R rate for 37 channels, spaced by a 10 kc oscillator, is 312 cycles per second. -
- ANTENNA ;r T mesET une ;B
R . , f
N MATRIX /8 SCALE Cf 3P COUNTER r
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Fig. 129. Block diagram ot the ground station of the pulse matrix telemetering system
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I?I Diodes T-68 through T-98 are provided in the input circuits of all

;}}: channels to turnish protection against positive voltages greater than 6

2 volts, The input terminal board also provides space tor similar diodes .
!!! which may be connected oppositely to provide protection against negative ’
P input voltages. '
j:ﬁ: The ground station is synﬁhronized with the rocket transmitter by

-}{\ means of a triple pulse which is generated once during each group sampling

e period, A one-shot multivibrator, T-66, having an LC circuit in the plate

S of the normally non-conducting tube serves as the pulse generator. It is

N triggered trom the plate circuit ot T-35, the last tube in the primary

ﬂ\& chain, through coupling condenser C-4. The recovery time of the multivi-
P brator is chosen to allow 2.5 cycles ot oscillation to take place in the LC

-:3{ circuit., The output is clipped and ditferentiated in tube T-67, and the

e circuits associated withit, to produce three equally spaced, one microsec-

ond, pulses, The interval between the first and last pulses may be varied
from 10 to 15 microseconds by adjusting the inductance, L. These synchro-
nizing pulses and the cathode pulses generated in the thirty pickoff tubes
are collected at point E of figure 128 and fed to a blocking oscillator,

e

[N BRI N
Aty a4
e

14

‘izz T~99 and T-100. A series of output pulses is obtained whose widths may be
- varied trom 0.8 to 1.2 microseconds by adjusting the delay line, DL-1. The
Pk output o1 the blocking oscillator is fed to two 3£29 modulator tubee (T-101
Cﬁg and T-102) connected in parallel, and finally to the 3C37 r-f oscillator
:i; tube, T-103, -
S
;gﬁg Typical waveiforms produced in this sequence are illustrated in tigure .
= 130. Only the data pulses and the triple, coded synchronization pulse
!!% group are transmitted in this system. The reference pulse~ which mark the
:}§$ 100 microsecond intervals are not transmitted. The leadi.. dge of the
5 last pulse of the group of three bears a tixed time relatio. (in this case

it occurs 85 microseconds earlier) to the time at which the complete thirty-
channel grour begins. It initiates the synchronizing pulse in tha ground
station. The synchronizing pulse is used for initiating directly, or through

[N PEL N .

hﬁ“ Lg
K

A a delay unit, precision x-axis sweep voitages for one or more cathode ray
R record tubes. The delay unit consists of a scale-of-32 counter driven by
:}1} a trequency and phase controlled oscillator synchronized with the reference
Rty pulse, and a state selector which can be manually set by means of tap

t}ﬁ_ switches to give any delay which is an integral multiple ot 100 microseconds,

the maximum delay being 3,000 microseconds. The video output oi the re-
ceiver is amplified and impressed on the intensity grids of the same cathode
A ray record tubes. Thus Lhe original data voltages are represented by spots
ﬂﬁg on the screcn or the tube. The x coordinates of these spots are functions
o of the data voltages. Continuous film cameras, in which the f£ilm moves in
" a direction normal to the sweep, record these oscilloscope presentations as

;£F¥ an unbroken line ot :lots. The resulting records are nesrly identical in
= appeairance to those now obtained with the Hathaway recorders. Provision is
< included for recording on either 3% mm (1.38 in.) or 9.5 in. (24 cm) film. -
\.-““'v:{‘
e The data may also be presented on meters and observed visually in a .
fi(i manner similar to that employed in the present system, For this purpose an
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Fig. 130, A sequence of waverorms typical of
those produced in the matrix multiplex modulator

autamatic frequency and phase controlled oscillator is used to feed a scale
of-32 counting circuit which is synchronized with the triple pulse group.
Metering circuits of the type now in use’ are turned on in succession by
the state selector tubes, which are controlled from the scale-of-32 counter.
They are turned off by the video signal. The information contained in the
different channels is thus separated and converted to the form in which it
was delivered to the telemetering system,

The new pulse matrix telemetering system has many advantages over the
one now in use, These may be summarized as follows:

(a) Simpler and more reliable recording at the ground station., This
is had by using cathode-ray tube camera recording directly from
the output of the video amplifiers. The new method eliminates the
need for the many decoding units which are required in the prosent
system,

(v) Superior weak-signal operation., This is due to the use of Syne
chrofiization which depends solely upon the reception of a triple
coded pulse. A noise pulse will therefore affect only the channel
being transmitted at that instant., It will have no effect upon
subsequent channels in the group. Signal noise pulses will appear
on the photearaphic record as random spots occurring in addition

-

701'. Naval Research Laboratory Report No. R-2955, Chapter II, Section C,
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to the normal channel information., On the other hand, if a noise
burst occurs in the present system, it destroys the channel syn-
chronization from that instant until the group ends, and it deletes
all the associated channel inforration signals in the process.

The new system employs a positive synchronizing signal, the triple
coded pulse, while the old system synchronized with a gap. The
new method is more effective in working through noise.

(¢) Lower inherent crosstalk. This is due to the tact that each
channel sampling period is initiated at a time which is fixed with
respect to the group reference, rather than at a time which depends
upon the status of the previous channel.

(d) Greater inherent accuracy (better than 1%). This is due to the
use of multiple point calibration voltages, ths elimination of
multivibrators in the airborne unit, and the matrix type of multi-
plexing.

(e) Improved stability of operation and simplified transmitter main-
tenance. These advantages result from the elimination of unstable
multivibrator circuits in the multiplex modulator, These circuits
frequently made it necessary to hand tailor individual channels.
They are replaced by a multiplexing system in which the channels
are automatically spaced and distributed by means of a single freely N
running oscillator,

(f) Higher veak r-f output power. The unit will deliver more than 3 kw,

(g) Simplified installation and greater safety during servicing. These’
benefits are due to the use of vibrator power supplies tor all
high voltage requirements in the rocket-borne unit. These supplies
require only one low-voltage, primary storage battery.

The first three advantages listed accrue directly from the use of the
new pulse matrix design. The last two have no specisl connection with this
design, and would have been incorporated in the original system, The re-
maining advantages are due, in part, to the pulse matrix system, and, in
part, to the general improvement program which is continually in progress,

OGN At the present time, the airborns transmitter unit has deen completely
N deslgned, and a contract for the construction of seventy of these units has
N been let with the Hazeltine Electronics Corporation. The ground station for
e this installation will be made by the Rocket-Sonde Research Section, as was
- done in the case of the present system, It is anticipated that the pulse
oo metrix telemetering system will be ready for overall teating at the White
L Sands Proving Grounds by January 1948, and that it will be ready for use by
o all perticipants in the V-2 Program by April 1948,
N
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DATE: October 20, 2000

FROM: Mary Templeman, Code 5227

TO: Code 7600 Dr Gursky

CC: Tina Smallwood, Code 1221.1 ﬁ/
SUBJ: Review of NRL Reports ’
Dear Sir/Madam:

1. Please review NRL Reports R-3171 for:

E/I;c:ssible Distribution Statement

] Possible Change in Classification

Thank you,

11 T:::lgn ;/L%W

(202)767-3425
maryt@library.nrl.navy.mil
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The subject report can be:

M Changed to Distribution A (Unlimited)
[0  Changed to Classification
O Other:
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