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ABSTRACT

Atmospheric density profiles were measured on nine occa-
sions during the Fish Bowl Series. Five of these measurements
were of the normal atmosphere, at different times of day and
seasons, and four were made following nuclear detonations. The
measurements of the normal attmosphere were made at different
times so that accurate information would be available on diurnal
and other variations. This data was ol3ta.1ned: (1) to provide in-
formation for an accurate analysis of blast and shock wave data,
(2) to provide density data that would permit a more precise
determination of the Thor re-entry trajectory for Blue Gill and,
(3) to provide data so that the ionization produced by a test can be .
accurately related to the radiation that produces it.

The technique used was to eject a sphere, instrumented with
an accelerometer and telemetry transmitter, from the second
stage of a Nike-Cajun rocket, The sphere was tracked by a
ground station, and the recorded data gave drag acceleration as a
function of time of flight, This yielded density,and with the use of
additional theory, temperature and pressure were deduced. Ex-
cellent data was obtained from all rockets,and exceptin one case,

it corresponded to altitudes between 30 and 110 km, The back-
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ground data is in general agreement with the available models,
but there are some important differences. In addition, it will
make it possible to extend the present Tropical Atmosphere model
from 90 to 110 km,

The measurements after the nucllear detonations were made
to measure heating of the atmosphere and related pressure and
density changes produced by the fireball, Rockets were launched
at H + 10 minutes on Check Mate, H + 15 minutes on Blue Gill
Triple Prime, H + 10 minutes on King Fish, and H + 4 minutes on
Tight Rope. Pressure and density changes as large as 50 percent
from normal were recorded. Maximum temperature increase ob-
served was 40 degrees C., except following Tight Rope when the
increase (relatively close to the fireball) may have been more

than 300 degrees C,
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CHAPTER 1
INTRODUCTION
1.1 OBJECTIVES

The Falling Sphere experiment was used to determine
profiles of ambient air density within the range 20 to 110 km,
Pressure and temperature as a function of altitude have been
deduced from the density data,

The first experimental objective in support of the Fish
Bowl Series was to make accurate measurements of the physical
properties of the normal atmosphere (1) .to provide information
required for an accurate analysis of blast and shock wave data,
(2) to provide density data permitting a more precise deter-
mination of the Thor re-entry trajectory and, (3) to provide
data required for accurate determination of the functional
relationship between the ionization produced by the detonation
and the radiation that produced it.

The second objective was to make measurements shortly
after.ea.ch nuclear detonation to measure heating and changes
in atmospheric density and pressure in the vicinity of the fire-
ball, This data is not only of interest as an effect due to the

detonation, but is also necessary to analyze accurately data



obtained by several other projects,
1.2 BACKGROUND

For several reasons it is desirable to measure the physi-
cal properties of the upper atmosphere before and after high-
altitude nuclear tests. Alphatron and other ionization gauges are
not suitable, since the radiation and resulting ionization from the
detonation and debris would invalidate their readings. The
Falling Sphere is not affected by radiation or increased ioniza-
tion and is an ideal instrument to use under these conditions.
One of the applications of the data obtained with the Falling
Sphere is to relate radiation fluxes to ionization produced. This
will make it possible to determine whether the test data is con-
sistent with tﬁeoretical calculations based, in part, on laboratory
ionization measurements,

Details of the theory of operation, earlier development
and results of previous firin'gs are contained in References 1, 2,
3, 4, 5, and 6,

In the Falling Sphere experiment,air density is calculated

from the equation for aerodynamic drag applied to a free-falling
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7-inch rigid aluminum sphere containing a transit-time acceler-
ometer with omni-directional characteristics. The sphere con-
tains its own telemetry system and is ejected from a Nike-
Cajun rocket at an altitude of about 60 km during the up-leg
portion of the trajectory., It continues in a trajectory similar |
to that of the rocket and reaches a peak altitude of approximately
150 kim., The accelerometer commences operation on ejection
from the rocket and measures the atmospheric drag on the
sphere until the drag reaches the lower limit of sensitivity of
the instrument, which is about 10'4g. This generally occurs be-
tween an altitude of 105 and 110 km. On the downleg of the
flight, measurements begin again at the same altitude and con-
tinue tﬁrough the large decelerations encountered in the re-
entry region.

The telemetered drag acceleration data is used primarily
to calculate atmospheric density, However, to make this data
meaningful, the sphere trajectory must be accurately known. By
successive integration of the acceleration data,the velocity and
trajectory can be determined. As a result of the fact that the
acceleration is not measured throughout the flight it is neces-
sary to have accurate position data on the sphere at one instant

during its flight (e.g., at the peak of the trajectory). This has
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TiEme s

to be supplied by radar or other tracking system,

The original instrumentation developed by the University
of Michigan for the Air Force Cambridge Research Laboratories
(AFCRL) had several limitations, During the past four years
the in-house effort of the Upper Atmosphere Physics Laboratory,
AFCRL, with its associated contractors, has been directed
toward minimizing these limitations by (1) extending the useful
range of the system, (2) increasing accuracy and reliability,
and (3) developing a relatively inexpensive system that may be
adapted for use in synoptic measurements, Among other benefits,
the effort has resulted in the development of more sensitive
accelerometers, also based on the time-of-flight principle,
These accelerometers operated without failure during the Fish
Bowl Series.

During Fish Bowl, nine rockets were fired containing
Falling Sphére instrumentation to measure the properties of the
upper atmosphere, Eight of these flights used accelerometers
of Type I, described in Section 2.2, 2 of this report. On thelast
flight (Rocket 9 on Tight Rope) a new accelerometer (Type I)
with promise of a still greater dynamic range was used. This

new instrument was designed and developed by the Upper Air

Research Laboratory, University of Utah, Salt Lake City, Utah,

18



(principal support contractor to AFCRL on Project 9,1A), Al-
though the new accelerometer was a pilot model, it performed
successfully and is also described in Section 2. 2,2,

1.3 THEORY

The forces acting on a free-falling sphere are gravitational

attraction and atmospheric drag. By the proper choice of

measurement reference system the drag force can be made the

significant parameter of interest.

21 2
The drag force, FD = -Z-CDAV p (1.1)
where,
CD = drag coefficient (dimensionless)

A = sphere cross-sectional area (cmz)
V = sphere velocity (cm/sec)

air density (gm /cm3)

o)
n

where,
m = mass of sphere (gm)
ay = drag acceleration of sphere (cm/secz)
Therefore,
ol 1= 2_m:__._D (1.2)
A V°Ch

19



which is the familiar equation of aerodynamic drag for a free-
falling sphere with air density expressed explicitly. The mass-
‘to-area ratio of the sphere is a known constant,and Cp varies
slowly as a function of Mach and Reynolds numbers in the
measurement environment, Drag acceleration is calculated

from a_ = i’—, where T is the accelerometer transit time

D T2
and s is the displacement, in any direction, between acceler-
ometer bobbin and cavity at the beginning of a transit-time
measurement.

Using spl'.xere data alone, changes in velocity can be ob-
tained by integrating the total acceleration, which is the vector
sum of g, the acceleration due to gravity, and an, the sphere
drag acceleration. In general, some assumptions have to be
made or additional data used in order to obtain the sphere tra-
jectory. For example, the horizontal component of veiocity
must be determined by radar measurement of estimated from
previous flight data, If desired, the error in these values can
be made smaller through reiterative processes,

To calculate temperature the hydrostatic equation and the

equation of state for a perfect gas are combined. An expression

is obtained that may be used to determine temperature in an

20



altitude range of measured densities based upon an assumed
value of temperature at one end of the altitude range. This is

shown in the following:

dp =-pg dh (1. 3)
. R
P = (1.4)
= R
Pg = Po -M-To (1.5)
P-Py = -[h ge dh (1.6)
)
where,
P = atmospheric pressure at altitude h
P, = atmospheric pressure at altitude ho
g = acceleration due to gravity (a function of
altitude)
R = universal gas constant

M = mean molecular weight for air

0 temperature at altitude h

T°_= temperature at altitude ho

The above equations can be combined to obtain

T = - + (1.7)

To determine T, a value must be assumed for To' Fortunately,
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as the interval h - h, becomes large, the first term dominates,
and any error in T due to inaccuracy in 'I‘o becomes negli-
gible, For example, with an altitude interval of 15km the
first term is about ten times the magnitude of the second term.
The preu&'re P is then obtained from p and T using

Equation 1.4 .
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CHAPTER 2

PROCEDURE

2.1 SHOT PARTICIPATION

Nine Falling Sphere probe experiments were flown in sup-
port of the Fish Bowl Series. All of these flights were success-
ful,and excellent data was obtained. The original plan called
for three experimental probes; one each to be launched before
Blue Gill and Star Fish, and another to be launched following the
Blue Gill nuclear detonation, Due to failures of several of the
nuclear tests the schedule had to be revised to include the use of
additional payloads,

During the first part of Fish Bowl four Falling Sphere
rockets were fired, Data was obtained on flights launched on
1 June, 19 June, 8 July (preceding Star Fish), and 23 July 1962, thereby
providing a series of desired measurements on the normal at-
mosphere. Since the measurements were made at different
times during the afternoon and night,it is possible to study
diurnal variations of atmospheric properties.

Shot participation during the second pa.r;: of the series was

focussed upon obtaining detonation results on the events des-

cribed in Table 2.1. Five Falling Sphere rockets were launched
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during the second part of Fish Bowl. One rocket was fired to
measure the properties of the normal atmosphere so that the
results could be compared with those of the previous firings,
Although the statistical basis is limited, this one measurement
may give an indication of the seasonal variation of atmospheric
properties. In addition, four rockets w?re fired at times
ranging from 4 to 15 minutes following each successful nuclear
detonation to determine if significant changes occurred in the
physical properties of the atmosphere near the region traversed
by the nuclear fireball. These launch times, referred toH=0,

are listed below:

EVENT - LAUNCH TIME
CHECK MATE H 4+ 10 minutes

BLUE GILL TriplePrime H+ 15 minutes
KING FISH H + 10 minutes
TIGHT ROPE H + 4 minutes

2.2 INSTRUMENTATION (AIRBORNE)

The major components of the Fzlling Sphere airborne in-
strumentation consisted of, (1) a 7-inch rigid sphere containing
a transit-time accelerometer with associated electronics for

telemetry, (2) timing and ejection mechanism for deploying the

24



sphere at the appropriate altitude during flight, and (3) a C-band
beacon for obtaining radar tracking data,

Each of the first four payloads flown was equipped with a
radar beacon, During the' planning stages of the latter portion
of the series, it was not possible to determine in advance
whether radar support would be in the form of passive tracking
or beacon interrogation, This was due to tracking problems
which occurred during the first part of the series, Therefore,
the last five payloads were designed so that they could be flown
with or without radar beacons. Further discussion of beacon
equipment and radar tracking support will be presented in
Sections 2.2,.6 and 2.4. 2 of this report.

The accelerometers used in the first eight firings (Type I)
were fabricated from a basic design developed jointly by AFCRL,
Raymond Engineering Laboratory, Inc., Middletown, Conn.,
(Reference 7), and the University of Utah, Salt Lake City, Utah
(Reference 6). The flight instruments were supplied by
Raymond Engineering Laboratory. On the last event of the
series (Tight Rope), anew accelerometer (Type II) with im-
proved performance characteristics was flown with successful

results, This prototype instrument was developed and fabricated
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by the University of Utah for the purpose of extending the
measurement capability of the accelerometer in the high drag
acceleration region,

2.2.1 Sphere, The 7-inch diameter of the sphere was not

an arbitrary choice, but was mutually determined by the dimen-
sions of the Cajun rocket and the accelerometer., The sphere
was machined in three sections from solid bar aluminum alloy
(Alcoa 7075 - T4). It contained all instrumentation necessary

to telemeter sphere drag data to ground-based telemetry stations,
The center section served as a mounting base for all components,
Two end caps were used as covers to complete the spherical
geometry.

The sphere instrumentation may be divided into three cate-
gories: (1) a time-of-flight accelerometer with omni-directional
sensitivity; (2) electronic timing, circuitry, and power supply;
and (3) telemetry transmitter and antenna, The photograph in
Figure 2.1 shows three views of the sphere. In the left position
the top cover is removed to show the placement of parts. The
semi-circular insulating barrier in the foreground is placed
over the battery terminals to prevent short-circuiting when the

sphere cover is assembled. One end of the ac:elerometer can
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be seen projecting through the center of the mounting plate. The
remaining components consist of power transistors, timing
module, and inter-connecting cables.

The center view shows the sphere completely assembled
with both covers in place. The white strip along the center
section is a Teflon fairing that is used to cover the slot antenna
and to minimize surface discontinuities. This ma;.erial is trans-
parent to radio-frequency radiation at 730 Mc. The bottom cover
is removed from the sphere shown on the right side o.f the photo-
graph, The opposite end of the accelerometer can b;: seen pro-
jecting axially through the center of the mounting base. The
transmitter is housed in two shielded sections located in the
upper half of the base plate, It is coupled to the antenna by means
of a coaxial cable which has a characteristic impedance of 50 chms.
Modular construction was employed throughout to facilitate assem-
bly, wiring, tésting,and servicing. Formerly, the sphere covers
had been secured to the center section by means of machine
screws threaded into each end of the accelerometer, This
method produced mechanical stresses on both the acc'e.lerometer
and the sphere. A study of the problem revealed that these forces

were great enough to alter the accelerometer calibration and also
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cause distortion of the sphere, A new method was developed for
assembly of the covers that eliminated both undesirable features
of the earlier design. This resulted in the covers being attached
to tine center section by means of interrupted threado. around
their edges. The accelerometer was mounted on the base plate
of the center section and was, therefore, independent of the
sphere covers,

The absence of mechanical stresses on the sphere covers pro-
vided improved sphericity which made it possible to obtain more
accurate final balance of the sphere. This was a significant con-
tribution,since accelerometer sensitivity and accuracy would be
limited at high altitudes by centrifugal acceleration if the bobbin
was mounted oéf-center and the sphere “-ras lﬁinning. In order to
make centrifugal acceleration negligible,it was necessary to lo-
cate the center of gravity of the sphere within two or three
thousandths of an inch of the common geometrical centers of the
sphere and the centered bobbin. This was accomplished by
floating the sphere in a liquid having nea.-rly twice its density
(tetrabromoethane) and observing the period of rotation due to
unbalanced masses. By proper placement of lead masses within

the sphere,a coarse balance was obtained after all of the com-
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ponents were assembled, The final balance was obtained after
the flight batteries were installed and all other tests had been
completed. The use of Yardney PM-1 Silvercells also made
possible a refinement in sphere-balancing technique. These
cells were similar to the Yardney HR-1 in both physical size
and electrical characteristics, but in addition they contained a
felt insert that absorbed residual ele;:trolyte. This reduced the
number of multiple balance points which had been due to shifting
of the excess electrolyte within the cells as the sphere was
rotated.

A jig was used to maintain sphere orientation during the
final assembly while the covers were firmly screwed into position
by means of strap wrenches. In order to prevent voltage break-
down of electronic components at high altitudes, atmospheric
pressure was maintained in the sphere through the use of O-ring .
seals, During pre-flight tests, the sphere was pressurized to
15 pounds through a removable pneumatic valve equipped with a pres-
sure guage, The leak rate was then observed to determine whether
atmospheric pressure could be maintained in the sphere for the
duration of the flight.

Another result of instrumentation redesign worthy of

29



mention was a 24% reduction in weight of the assembled sphere,
This made possible a 24% increase in the sensitivity of the drag
acceleration measurement, provided the values of other param-
eters in the drag equation re;'nained unchanged, The average
value of sphere flight times observed during Fish Bowl was
approximately 20% longer than the average of those previously
reported for the earlier sphere, This was due mainly to the
difference in cross-sectional area to mass ratio,

2.2,2 Omni-directional Accelerometer, In order to

measure the drag force imposed upon the sphere during its tra-
jectory irrespective of its orientation, it was necessary to use
an omni-directional accelerometer. In the so-called transit-
time accelerometer, simple spherical geometry was employed
in the sensing element to achieve this objective, A precision-
ground spherical ball (the bobbin or reference mass) was placed
in a spherical cavity located at the center of the accelerometer,
The walls of the cavity were covered with a switching matrix
which will be described in more detail later in the text, The
bobbin could be positioned in the exact center of the cavity by
means of four hydraulically actuated locating or centering pins,

The hydraulic forces were generated by the action of two solenoid
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armatures, one at each end of the accelerometer. The motion
of the armatures toward the center of the accelerometer pro-
duced compression of a pair of bellows located at opposite ends
of the hydraulic line. A cutaway drawing of the accelerometer
is shown in Figure 2.2, Some of the components are shown in
greater detail inthe schematic view of the accelerometer shown in
Figure 2.3. |

Initial velocity imparted to the bobbin upon release is a
source of error in the measurement,and its contribution becomes
serious at high altitudes where the drag acceleration is low,
Therefore, considerable effort was spent in developing an accel-
erometer design that would reduce this problem to a minimum.
In order to accomplish this each solenoid and its associated
armature was connected to all four centering pins through a suit-
able hydraulic circuit,which is shown in the schematic drawing of
Figure 2.4, A centering pin and bellows were located at each
point designated “P” in the drawing. The contact surfaces of the
centering pins lay on a sphere having a diameter slightly larger
than that of the bobbin,in order to provide unobstructed release.
Initial velocity could not be imparted to the bobbin except in the

case of a sticking pin. As a result of this arrangement all
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centering pins experienced hydraulic forces simultaneously and,
therefore, moved at the same time, This design was an im-
provement ovex; the original transit-time accelerometer in
which.two centering fingers were actuated by different solenoids
which could react at different times.

The matrix switch lining the cavity walls of the accelerom-
eter was the key element in the instrument design. It was
formed in two halves to match the surfaces of the two hemi-
spherical metal cavities, The first step in the fabrication con-
sisted of forming a screen woven with No, 40 guage insulated
magnet wire, 100 wires/inch, both in weft and warp. In the so-
called two-over-two basket-weave design employed, each
wire in the screen, shown in the top view of Figure 2.5, really
consisted of two parallel wires. The objective of this method
was to maintain reliability in the event that one wire was
damaged during the required sizing operations which will be dis-
cussed below. If one of the parallel wires wa; broken at a
joint, there would have been another wire along side it to maintain
electrical conductivity.

The construction of the two halves of the accelerometer

cavity is identicals therefore,the following description applies to
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both., A bead of solder was run around the periphery of the blank
screen. This bonded the loose ends together and provided the
rigid support necessary for subsequent operations. The solder
bead also made all wires of the screen electrically common. The
next step was to form the screen into a hemisphere by means of
drawing dies, It was then bonded to the surface of a metal hemi-
shperical cavity, The high point of each joint of the screen was
stripped of insulation and potting compound, The Stripese in-
sulation used was easily vaporized by the heat of a soldering
iron, while excess potting compound was removed by lapping

the screen with a precision-ground sizing tool. This operation
also produced the desired sphericity.

The remaining task was to connect all of the weft wires to-
gether, and likewise, all of the warp wires in order to form the
two switch terminals, To separate the weft from the warp wires,
small notches were cut in the four corners of the formed screen
as illustrated in the lower left (before cutting) and lower right
(after cutting) of Figure 2.5, With the weft of the screen con-
nected to one side of the circuit and the warp to the other,
switch closure resulted when the bobbin fell on any two ad-

jacent bared high spots. The operation of the matrix switch may
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be further clarified by referring to the top illustration of
Figure 2,5,

Partial assembly of an accelerometer cavity section is
shown in lf'igure 2.6, Final operations to be performed on this
piece included bonding, lapping, gold plating, and connecting
leads, As previously noted, two such hemispherical sections
formed a complete cavity assembly,

Initially, both the matrix switch and bobbin were gold
plated to insure high electrical conductivity when the bobbin
made contact with the cavity wall, However, some difficulty was
experienced with short-circuiting of the screen due to flaking of
plating material, Originally,it was beligved that the bobbin was
the source of this problem. Consequently, rhodium-plated
bobbins were substituted for the gold-plated one, but this failed
to provide a complete solution, It was concluded that some of the
flaking originated within the matrix switch itself., Steps have
been taken to correct this situation in thg future, As a result of
rigorous pre-flight testing and remedial action, this problem
caused no degradation of the flight results.

In operation,an electrical pulse of approximately 200-milli-

second duration was delivered to both solenoids, thus actuating
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the four centering pins., These pins centered the bobbin so that
the displacement between bobbin and cavity was approximately
0.062 inch, The average deviation from this value, measured
in any direction, was % 0,001 inch. At the end of the centering
pulse, the solenoids relaxed to their rest positions. Small
springs located under the head of each centering pin caused
them to be simultaneously retracted with great force, This
action released the bobbin, allowing it to free-fall to the wall
of the cavity, Coincident with bobbin release, a 20-micro-
second pulse was generated and transmitted to the ground
stations, Its characteristic width identified it as the start-
pulse of an interval that provided a measure of time required
for th;s bobbin to traverse the fixed fall distance of 0.062 inch,
At bobbin impact the matrix switch was closed, thus signaling
the end of the transit-time. Coincident with impact time, a
10-microsecond pulse was generated and transmitted to the
ground stations to complete an accelerometer transit-time
measurement. At a finite time following bobbin impact,the accel-
erometer cycle was repeated.

Measurements made by the Type I accelerometer were in the

range from 4 x 1073 to 4g with an error of approximately 1,0%.
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Although this operating range was suitable for the flights made
during the Fish Bowl Series, it was considered desirable to ex-
tend the measurement capability of the instrument to 10g in the
high drag acceleration region, The Type II accelero‘meter was
developed to achieve this objective.

The principal modification consisted of eliminating the low
efficiency hydraulic actuator and substituting in its place an
electromagnetic drive system similar to the voice coil arrange-
ment of a conventional loudspeaker. The magnetic drive force
was applied directly to the centering pins by means of a pair of
cylindrical fingers, each terminated with two diverging prongs,
When the associated solenoids were energized by an electrical
pulse, the dire.ction of current flow in each coil was such that the
fingers were driven rapidly toward the center of the accelerometer.
At the end of their travel each pair of diverging prongs forcefully
engaged the centering pins (similar to those of Type 1 accelerom-
eter), thereby causing the bobbin to be centered,

When tested on a centrifuge this new instrument measured
accelerations up to 10 g with the desired accuracy. However, be-
cause of second-stage failure on B‘;cket 9 (Tight Rope),per-

formance data obtained on the Type Il accelerometer was limited.
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The sphere did not attain sufficient altitude to enter the region of
low drag acceleration; also, the maximum drag acceleration it
experienced during the flight was only 1,5g. The experimental
results obtained were nevertheless very interesting and will b.e

discussed in Chapter 3,
The recycling programs of the accelerometers of Fypes I and

II were such that in the high drag region of the atmosphere, which
was near 30 km on the downleg portion of the sphere trajectory, it
was possible to obtain approximately three transit-time measure-
ments pe.r second, However, in the region of low drag, near zenith
altitude, a single transit-time measurement sometimes exceeded
two seconds, This feature of variable recycle time removed one
of the .experirnental restrictions imposed by earlier instrumenta-

tion, Previously, the accelerometer had been periodically cycled

by 2 motor-driven eccentric cam which permitted only one
measurement per second, even when the transit-times were as
short as 15 milliseconds, At altitudes where the transit-time ex-
ceeded 800 milliseconds, no data was obtained, because the
bobbin was recentered before it completed its fall.

The transit-time measurements obtained from the acceler-
ometer and associated circuitry consituted the raw experimental

data, This data was obtained as a function of elapsed time from
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rocket launch, Sphere drag acceleration, which is proportional
to the inverse square of transit-time, was obtained from a simple
calculation,

2,2,3 Sphere Electronics and Operation, A physical des-

cription of the sphere and accelerometer has been presented in
Sections 2,2,1 and 2,2,2, The operational principles of the
sphere electronics are illustrated by the functional block diagram
and schematic drawing of Figure 2,7, In the simplified drawing
of the accelerometer, the two centering pins shown actually
represent two pairs of pins, one at the top and one at the bottom
of the 1-inch bobbin, The pins forming the top pair are electrically
connected to each other, but their are insulated from the bottom
pair except when both sets touch the bobbin, This connection
through the bobbin was used to determine release time as ex-
plained below, Also shown in the block diagram is a circular
segment on each side of the bobbin. Each seg;ent represents a
portion of the two-terminal matrix switch previously described,
The bobbin, on making contact with two screen wires at the end
of its fall, short-circuited a low dc voltage that was applied be-

tween the two sets of wires which formed the matrix switch, In

this manner an impact signal was produced., The timing multi-
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vibrator provided a signal that was amplified and fed to the mag-
netic drive transistor (designated as driver in the block diagram),
This energized the coils and caused the 'bobbin to be centered in
its spherical cavity, The cycle was repeated with the bobbin being
alternately centered and released.

The cycle of operation can readily be understood when the
experimental requirements that determined it are presented, In
order to obtain the maximum amount of experimental data on a
given flight the following conditions were imposed on the electronic
control circuitry; (1) the bobbin should not be re-centered until
sufficient time had been allowed for it to complete its fall and
make contact with the cavity switch, (2) the bobbin should be re-
centered immediately after making contact, except when the fall
time was equal to or less than 0, 3 sec.,, (3) a short delay should
occur before re-centering if the bobbin transit-time was less
than 0, 3sec,, and (4) re-centering should be accomplished after
a reasonable time (2,5 sec., in this case) in the event the bobbin
failed to make good contact with the matrix switch. The first of
these conditions was met by a hold-off diode in the flip-flop circuit,
the second by sending the impact signal to the flip-flop which in

turn initiated the timing multivibrator. The third condition was

39



provided for by a choice of time constant in the timing multi-
vibrator,and the fourth by an over-ride circuit,

For the sake of simplicity some details of circuit description
have Been omitted in previous discussions, Thus far, we };ave
mentioned only one pulse that was propagated at the time of bob-
bin release, Actually, two release signals were used to deter-
mine the bobbin time-of-fall, One was taken from the centrol
signal to the magnetic drive transistor and preceded the actual
time of release by approximately 0.4 millisecond. However,
this time did not remain constant throughout the sphere flight,
The other signal was obtained by breaking a circuit as the center-
ing pins separated from the bobbin. The #ormer was used for
timing the fali when it was large compared to 1 millisecond, The
initial release and bobbin impact signals were fed, via the flip-
flop circuit, to the modulator where, by means of delay lines,
they produced a 20-microsecond pulse corresponding to bobbin
release and a 10-microsecond pulse corre_sponding to bobbin
impact, respectively, A second release signal was produced
when contact between pins and bobbin was broken. This signal was
fed to the modulator where it produced a 30-microsecond pulse

which was also propagated to ground-based statlons, This pulse
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made it possible to correct the time-of-fall for every measure-
ment obtained during a flight, thereby increasing the accuracy of
the experiment, Although the pulse waveform was not rectangular,
it had a steep lea;iing edge that made it useful for triggering timing
equipment used to obtain time-of-fall corrections when the data
was being reduced,

A fourth signal was produced in the modulator and will be
referred to as the sub-modulator pulse. This pulse had a width
of about 5 microseconds and a repetition frequency of approxi-
mately 65 to 125 pulses/second. The repetition rate was made to
vary as a function of temperature by including a thermistor as
part of the resistance-capacitance circuit in the free-running
blocking oscillator that produced the 5-microsecond pulses, This
provided a measure of the internal temperature of the sphere
during flight, The sub-modulator pulse was also transmitted to
the ground stations and, when demodulated, produced an audible
signal that assisted in tracking the sphere, The data obtained on
the internal temperature of the sphere will be used by the Univ,
of Utah to advance the development of sphere electronics,

2.2,4 Circuit Description. The timing of the bobbin release

and pickup was accomplished by the timer module which consisted
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primarily of two multivibrators., The circuit diagram is shown
in Figure 2.8, The multivibrator, made up of transistors Q1
and QZ‘ was basically a monostable or one-shot configuration;
however, it was made free-running 'by a gate signal from the bi-
stable multivibrator, Q, and Qg. The lign.al from the collector
of Q] was amplified by Q3 and sent to the base of the magnetic
drive transistor, Q7, as shown in Figure 2,9, The collector
current of Q. passed through the accelerometer coils, L3 and
L4 (Figure 2,9) and caused the bobbin to be centered whenever
Q7 was in the conducting stage. The release of the bobbin by
the centering pins occurred when the cut-off transistor Q1
started to conduct, The amplified release signal from the col-
lector of Q3 ‘was applied not only to the magnetic drive circuit
but also back through connector PL-1, pin 3, to the base of Q4
causing it to conduct. The effect of this action was to reduce Q;
and QZ to a2 one-shot multivibrator as long as Q4 was conducting,
The discussion immediately following assumes the fall time
of the bobbin to be in excess of 0,3 sec, The second case, for
fall times equal to or less than 0,3 sec., will be treated later,
As shown by the schematic diagram of Figure 2,8, the released

bobbin on making contact with the matrix switch raised the
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potential of the base QS’ thereby turning off Q,. This raised
the potential of the base of Q, causing it to conduct, After the
switching time of the multivibrator, the cycle was repeated,
The release command was fed from the collector of Q, to the
modulator which is sﬁown in Figure 2,10, Here a 20-micro-
second pulse was formed by the pulse forming network (PFN),
Ll' The contact signal was fed from the collector of Qg to the
modulator where a 10-microsecond pulse was produced by PFN,
L,. These two pulses were diode mixed and fed to the base of
Q9. After amplification they controlled the modulator transis-
tors Q10 and Qll' The output of the modulator transistor was
stepped up through transformer T; to plate modulate the trans-
mitter,

For the case of fall times equal to or less than 0, 3 sec,, the
time constant in the base of Qz held off the transistor for the
minimum time of 0,3 sec.

If the fall time was greater than 2,5 sec,, or if proper con-
tact was. not made in this time interval, the override circuit
started a new cycle, The time constant in the base of Q¢ caused

it to conduct, sending a signal to the base of Q5 to initiate a new

cycle.
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The transmitter, Figure 2,11, is a 730-Mc, 15-watt peak pulse
power transmitter that was modulated by the appropriate pulses
‘described above, The oscillator, Vl. operated at 365 Mc with
V, serving ;o a buffer and frequency doubler stage, Tube V3
operated as a grounded grid power amplifier,

The antenna was a slot cut into the .sphere and filled with a
Rexolite dielectric, A Teflon cover was used as a fairing to
smooth out surface discontinuities on the sphere, Impedence
match was obtained by selection of the feed point of the slot.

The power supply, Figure 2,12, for the sphere circuits
described above consisted of a transistor converter for producing
dc potentials of +80, -9, and +1.3 volts from an input of 6-volt dc.
Transistors d13 and Q14 were operated as switches utilizing
the saturation characteristics of the ferrite core of trax.msformer
Tz.

The sub-modulator was a free-running blocking oscillator,
le. Its frequency was determined by the resistance-capacitance
time constant in its base, This time constant was determined by
the 0. 05-microfarad capacitor, the 100 k-ohm resistor, and the
resistance of a thermistor located on the sphere center section,

The resistance of the thermistor, and therefo~e the frequency of



the blocking oscillator, was a function of the temperature of
the sphere. The circuit was switched on by applying a negative
pulse to the emitter of the oscillator so that it would free-run

. until the bobbin was released, It was then switched off until
contact was made,

2,2,5 Ejection Mechanism. The ejection of the sphere

was accomplished by means of a mechanical timer, blasting
caps, and an appropriate mechanical design. Ejection times
were pre-determined, taking into account the rocket trajectory
and the altitude and position of the nuclear detonation,

The sphere was mounted between two threaded sections of
the payload called the upper and lower sphere holders. Springs
locatea in the base of each sphere holder were employed to
constrain the sphere when it was in the assembled position, A
frangible magnesium ring with inside threads was used to obtain
a secure butt joint between the two sections that enclosed the
sphere, Four blasting caps were embedded in cavities which
were spaced 90 degrees apart along the outside threaded section
of the lower sphere holder, Two of these cavities can be seen in
the photograph shown in Figure 2,13, Mounted inside of the

assembly was an acceleration-sensitive timer that was initiated
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at rocket lift-off, At a pre-set time the closure of a switch on
the timer caused detonation of the explosives, The magnesium
ring was shattered, permitting the springs to push the sphere
holders apart, thereby deploying the sphere. In the photograph
shown in Figure 2,14, the timer (Raymond Engineering Labora-
tory Model 1060-18G), Ledex switch used for monitoring purposes,
umbilical connector, and battery box can be seen located in the
lower sphere holder (left)) The magnesium ring is seen at the
bottom of this inverted view of the lower sphere holder. The
interior of the upper sphere holder is shown on the right side

of this photograph, Components associated with the sphere
battery-.charging circuit are seen at the top of the photograph.
The addition'of this circuitry permitted long stand-by periods
before actual rocket launch, One of the ejection springs can be
seen at the center of the upper sphere holder,and a fairing ring
is shown at its base, In Figure 2,15 the upper sphere holder

is in the same position as it appeared in the previous photograph.,
However, the lower sphere holder (left) is shown in its upright
position to show the location of ejection spring, batteries, and
terminal boards for electrical circuits associated with the

ejection mechanism,
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Ejection timers were carefully set and checked before each
flight, Operational variations from the pre-set values were ob-
served to be less than 0,1 sec. on all flights, based upon recorded
data, During the first part of the series, the nominal value for
ejection time on the four flights was 55 sec., However, during the
second part of Fish Bowl,ejection times were set as low as 51,6
sec, on Tight Rope and as high as 57,3 sec. on King Fish, Other
ejection times were: Check Mate, 53,6 sec,; Blue Gill Triple
Prime, 54,92 sec.; background shot, 55.04 sec. Based upon
radar data, these ejection times corresponded to altitudes be-
tween 190, 000 and 220,000 feet, except for the sphere that failed
to achieve a normal trajectory following Tight Rope. The effec-
tive launch elevation angles varied between 83 and 86 degrees,
depending upon trajectory requirements,

The altitude at which the sphere was deployed was chosen so
that trajectories of the rocket and the sphere would be essentially
the same up to peak altitude due to the low drag acceleration en-
countered. This facilitated the determination of sphere peak alti-
tude from radar observations,

2,2,6 Radar Beacon. Photographs of a typical C-band radar

beacon assembly used with the Falling Sphere payloads are shown
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in Figures 2,16 and 2,17, Figure 2,16 sixowu the complete beacon
installation with only the access skin-plate removed. In Figure
2.17 the base-plate of the beacon section is removed to show a
more detailed view of the component arrangement, The beacon
assembly consisted of a 14, 5-inch section mounted posteriorly to
the lower sphere holder, The C-band beacons (radar transponder,
Model C/T-CV, 551) were supplied by Aero Geo Astro Corpora-
tion, Alexandria, Virginia, The antennas, which can be seen
(Figures 2,16 and 2,17) mounted 180 degrees apart on the skin of
the beacon section, were supplied by the Physical Sciences Labora-
tory, New Mexico State University at Las Cruces, N. M,

The four flights completed during the first part of the series
were equipped with beacons. The equipment worked satisfactorily
in all cas‘es. However, some difficulties were experienced by the
DAMP Ship on Rockets 1 and 2,and no usable radar tracking data
was recovered, The results obtained on Rockets 3 and 4 were
more satisfactory, The problems in obtaining good radar track-
ing by DAMP Ship were due partly to its varying distance and
location with respect to the launch site, Consequently, during the
second part of the Fish Bowl Series, tracking support was requested and

obtained from the Pacific Missile Range (PMR) Range Tracker which had the
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ad{rantage. of fixed location and no motion due to the sea, Since
PMR expre.ned a preferer.xce for passive tracking (skin tracking
of a target by means of reflected signals only),no radar beacons
were employéd with these payloads, although the beacon assem-
blies were fabricated and available for immediate use,

2,2.7 Assembled Ryload . A photograph of the individual

payload components is shown in Figure 2,18, The critical dimen-
sions and weights are listed below each item, When all of these
components were assembled, the complete payload configuration
appeared as in the photograph shown in Figure 2,19, It was ap-
proximately 57 inches long,and it weighed approximately 62 1b.,
including 9 1b, of leaq ballast at the tip of the nose cone to in-
crease the stability of the rocket during flight, The nose cone
carried no instrumentation.

The beacon section was eliminated on the payloads flown
during the second part of the series, This reduced the payload
length to approximately 42,5 inches and the weight to approxi-
mately 40 1b., These changes in the payload configuration were
compensated for by adding enough lead ballast inside the tip of
the nose cone to raise the total weight to about 55 1b, This pro-

vided the necessary flight stability,
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2.2,8 Rocket Operation, The fin alignment data and per-

formance of the Nike-Cajun rockets used to carry Falling Sphere

payloads aloft are discussed in this section. For all Project 9,12
flights the spin of the Nike was adjusted for 2 rps (ARC SVG Atlantic
Research Corporation, Space Vehicles Group or Asrolab fins) while

the Cajun fin assembly was adjusted for zero
spin (5 flights with ARC SVG, no wedges; 4 flights withAerolab

fins, no wedges), The use of lead ballast in the nose cone has been

discussed. Figure 2,20 shows a photograph of the Nike-Cajun,with
sphere payload attached, on the launcher. Except for the failure
to obtain second-stage ignition on thelast rocket (Tight Rope)all

flights were normal,

A summary of Project 9.1a rocket launchings is presented

in Table 2.2.
2.3 INSTRUMENTATION (GROUND-BASED)

Two ground stations were employed in the Falling Sphere

experiment for the purpose of, (1) establishing a time reference
signal initiated by a first-motion switch on the rocket launcher,

(2) receiving signals telemetered from the sphere, (3) providing
electronic discrimination (in pulse width and amplitude) as a
means of minimizing spurious pulses, and (4) accepting and
storing the data in a suitable form for processing, The two

manned stations operated independently of each other, but they
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obtained identical information, The reliability of the experiment
was thereby increased through the use of redundancy.

A simplified functional block diagram of the main ground
station is presented in Figure 2,21, The description that follows
applies to both stations,since the back-up station diffex;ed only
in minor details,

Frequenc‘y divider circuits in the time base generator per-

mitted the use of reference signals that were compatible with the

frequency response of each type of recorder used for data storage.

A digital clock was also driven from the time-base generator,
This allowed ground station operators to observe the progress
of the sphere flight in real time, from ejection to impact. Ata
specified time preceding rocket lift-off,a first-motion switch on
the launcher was appropriately connected to the time-base
generator so that the output signals were cut off, The signal
level could be restored for testing purposes by means of a first-
motion defeat switch installed at the ground station, At rocket
lift-off, the first-motion switch operated, the digital clock
commenced counting time, and the pulse decoder unit presented
the time reference signals to the recorders and display equip-

ment,
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After ejection of the sphere,signals were picked up by two
oppositely polarized helical antennae, These were remotely
directed to obtain maximum signal strength from the sphere,
Both visual and aural electronic aids were used to obtain good
sphere tracking, Separate pre-amplifiers were located at the
base of each antenna, These boosted the level of received sig-
nals before transferring them to' separate receivers, The ef-
fects of fading due to spinning of the sphere were minimized by
electronically mixing the outputs of the two receivers in the pulse
decoder unit, The resultant signal was one of nearly constant
amplitude,although the receivers were not equipped with auto-
matic gain control (AGC) circuits,

Noise rejection circuits, such as limiters and pulse width
discriminators,were employed in the pulse decoder unit in order
to improve the quality of signals in the presence of high-level
interference,

Separate pulse width discriminators provided unambiguous
start and stop pulses to the recorders that were employed to
store the data, These start and stop pulses corresponded to ac-
celerometer bobbin release and impact times, respectively.

The arrival of the first start pulse from the sphere initiated
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a time interval measurement in the digital read-out equipment

that was completed with a stop pulse. The time of occurrence
(to 2 hundredth of a second) referred to rocket lift-off, and the

numerical value of the iransit-time measurement (to the nearest
hundredth of 2 millisecond) were immediately printed out on

paper tape, The sequence was repeated for each transit-time

measurement,

The time base (reference signals) and accelerometer transit-
time measurements were also stored in'a 7-channel magnetic tape
recorder, Two channels were used for recording elapsed time,
while the remaining five channels were employed to store transit-

time measurements with and without noise rejection,

A four-channel Brush strip cixart recorder was user to store
the same basic data but with somewhat reduced accuracy due to
lower frequency response inherent in the instrument. This recorder
served as a coarse back-up for data storage and was also used for
pre-flight testing, A photograph of part of the main ground station
during laboratory checkout is shown in Figure 2,22, The direct
read-out equipment may be seen in the foreground,

In principle, the operation of the second ground station was

the same as that of the main station, The circuitry employed
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was somewhat less sophisticated but completely adequate, It
was operated from a separate location within line of sight of
" the rocket launcher,

2,4 DATA REQUIREMENTS

2.4,1 Data Obtained by Project, Measurements obtained

from sphere telemetry information were the raw experimental
data obtained by the project from a successful flight, The data
was used to compute sphere drag acceleration as a function of
elapsed time from rocket lift-off, This constituted the first

step in the data reduction process required to obtain atmospheric
density, temperature,and pressure profiles.

2.4.2 Radar Tracking, An accurate analysis of the experi-

mental resuita obtained required good radar tracking data on the
Cajun rocket or the sphere, The trajectory of the sphere was
determined by performing double numerical integrations using
as initial values the peak altitude and peak time of the sphere.
Peakaltitude can best be provided by an accurate radar track.
The correct altitude assignment of density, temperature,and
pressure profiles depended upon the accuracy of this radar data,
On the other hand, sphere peak time can be more'accurately de-

rived from analysis of the drag acceleration data obtained during
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the flight of the sphere.

2,4.3 Meteorological Support. Density, pressure, and

temperature data up to 30 km was a prime experimental require-
ment, Rawinsonde data was obtained on all Project 9.1a flights
of the series with the exception of Rockets 2 and 3, Unfortunate-
ly, the data available was limited to 25 km, Therefore, it was
necessary to match the density data obtained from sphere telem-
etry with extrapolated values of Rawinsonde density, From the
theory (Section 1, 3) it can be seen that to calculate the tempera-
ture at one altitude the temperature at some other altitude must
be known, Since a good value of temperature obtained from a
balloon measurement was not available at the required altitude,
a temperature had to be assumed, However, the resulting in-

accuracy was not large,
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TABLE 2,1 EVENT DESCRIPTION
Event Time (Z) Yield (kt) Altitude (km)
{(nominal
1962
Star Fish 09 0900 July 1400 400,15
(Prime)
Check Mate 20 0830 Oct
Blue Gill 26 1000 Oct
(Triple Prime)
King Fish 01 1210 Nov
Tight Rope 04 0730 Nov

TABLE 2,2 SUMMARY OF ROCKET LAUNCHINGS (Nike-Cajuns)

Rocket No. Date Launch Time
: Hours (local time) Referred to H=0
1962

1 1 June 1800 (H - 4 hours)* Blue Gill

2 19 June 2230 (H - 1 hour )* Star Fish

3 8 July 2230 H - 30 minutes Star Fish Prime*#

4 23 July 1920 (H - 2 hr, 40 min)* Blue Gill Prime

5 19 Oct 2240 H + 10 minutes Check Mate *+

6 26 Oct 0015 H + 15 minutes Blue Gill #*.
Triple Prime

7 29 Oct 2300 N/A Background
measurement

8 1 Nov 0220 H + 10 minutes King Fish *¥

9 3 Nov 2134 H + 4 minutes Tight Rope **

* With reference to start of the detonation window.

** Nuclear detonation.
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THE ELECTRICAL INSULATION IS REMOVED FROM THE WIRE AT
EACH INTERSECTION. TO COMPLETE THE CIRCUIT (CLOSE THE SWITCH),
THE BOBBIN SHORTS ANY SPQT MARKED “X" TO ANY ADJACENT
SPOT MARKED"0'". EACH "WIRE" ACTUALLY CONSISTS OF TWO WIRES
LAID SIDE BY SIDE.

SOLDER BEAD

WEFT IS SEPARATED FROM WARP BY CUTTING AwAY
A SMALL SECTION OF EACH CORNER OF THE SCREEN
AS SHOWN,

Figure 2.5 Schematic drawings of matrix switch details,
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Figure 2.6 Photograph of partially
assembled accelerometer cavity

(half section).

]

(AFCRL 153-421)

RELEASE
TRANSMITTER
MODULATOR
(730 MC) RELEASE
— ORIVE
3 g SCREEN
ik o
0y
ACCELEROMETER
TIMING MV N FLIP=~FLOP DRIVE COILS
MAGNETIC DRIVE
DRIVER Sy SWITCH
TRANSISTOR

Figure 2.7 Functional block diagram of sphere instrumentation.
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Figure 2.11 730-Mc sphere transmitter, circuit diagram.
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Figure 2.12 Sphere power supply, circuit diagram,
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Figure 2.13 Photograph of sphere ejection assembly. (AFCRL 153-40)
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68

14 Photograph of sphere ejection and monitoring components. (AFCRL 153-298)-

Figure 2.
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(AFCRL 153-299)

Figure 2.15 Photograph of upper and lower sphere holders (interior view).
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Figure 2.18 Photograph of payload components. (AFCRL 153-417),
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Figure 2.19 Photograph
of assembled payload.
(AFCRL 153-431)
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CHAPTER 3

RESULTS

3.1 SUMMARY

A Falling Sphere rocket wds successfully fired preceding
each attempted nuclear detonation during the first part of Fish
Bowl (Rockets 1 through 4), Excellent data was obtain;d from
each flight, In addition, another measurement was made on the
normal atmosphere (Rocket 7) during the second part of the series
for comparison with other pre-test data, These flights were
made at different times of the day and night during the interval
between June 1 and October 29, 1962 (see Table 2.2). The data
obtained will permit a study of diurnal and seasonal variations
of atmospheric properties in the vicinity of the test site,

Successful measurements were also obtained from flights
made shortly after the nuclea;' detonations on Check Mate, Blue
Gill Triple Prime, King Fish,and Tight Rope., Changes in the
physical properties of the atmosphere did occur, However, the
magnitude of the changes was not as great as expected in

some cases,

3.2 DRAG ACCELERATION DATA
The raw data obtained from the sphere during its flight
(K



consisted of measurements of accelerometer transit-times (T) as
a function of elapsed time referred to rocket lift-off. Drag accel-
eration, corresponding to each measuret;aent, .was computed fro.m
the equation

ap = 2 s/12, (3.1)
where ap is the mean drag acceleration during the time inter-
val T, s is the fixed displacement between the centered bobbin
of the accelerometer and its cavity, and Tis the time required
for the accelerometer bobbin to complete a fall after release,
Curves of drag acceleration versus elapsed time were then plotted
for use in subsequent data processing and analysis, Drag accel-
eration curves for each of the nine Project 9. 1a flights are pre-
sented in Figures 3,1 through 3,9,

The following general comments apply to all the drag accel-
eration data except that shown in Figure 3,9 which will be treated
separately, The sphere was ejected from the rocket at a pre-
determined time after launch, Coincident with ejection, an auto-
matic switch initiated operation of the accelerometer, Signals
telemetered from the sphere were received in real time and
recorded at the ground-based stations, Ejection times for each

flight are presented in Table 3,7, This gives a summary of
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sphere trajectory data referred to rocket launch time (also see
Section 2,2.5), As the sphere ascended in a path approximating
that of the rocket, the observed drag acceleration diminished until
an altitude was attained where the accelerometer could no longer
respond to the minute drag accelerations encountered by the
sphere. This is evidenced by increased scatter in the data as

the drag curve approached a plateau-like region at the bottom of
the curve, The data obtained just preceding or immediately fol-
lowing this region in each curve corresponded to the highest
altitude for which drag acceleration measurements were made by
the sphere (in the range 103-112 km), The plateau region con-
sists of experimental points of nearly constant value, In general,
they are parallel to the time axis and nearly symmetrical with
respect to sphere peak time, These experimental points resulted
from the pre-set over-ride circuit in the sphere electronics
(Sections 2,2,3 and 2,2,4) and do not constitute actual measure-
ments of drag acceleration, The plateau region of the curve was
used to determine the low-g sensitivity of each flight accelerom-
eter and to prevent spurious drag acceleration results, The
threshold sensitivity of the flight accelerometers varied from

approximately 6 x 10-3ft/sec? (1.87 x 10~%g) to 9,54 x 10" 4t/sec?
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(2,97 x 10'53). Although this latter value represents more than
1.5 orders of magnitude improvement in sensitivity over previous
models, it is believed that accelerometers now under development
will exhibit even greater measurement capability at high altitudes,
It is now known.that the threshold sensitivity of the accelerometers
was limited in part by inadequate electrical contact between bob-
bin and cavity switch when the pressure exerted at bobbin impact
was very small (of the order of milligrams),

On the descending portion of the sphere trajectory, approx-
imately 90-95 seconds after peak time, the drag forces encountered
by the sphere again became large enough for accurate measure-
ment by the accelerometer, Good measurements were then ob-
tained until tﬁe.sphere approached re-entry conditions, Here the
drag accelerations rapidly increased to nearly 6g. However, at
this value of acceleration, the accelerometer no longer functioned
satisfactorily, because the force required to center the bobbin
was larger than that available, Thus, in this region of high drag,
spurious accelerations larger than the actual accelerations were
indicated, When the retarding acceleration decreased, the

accelerometer once again functioned normally.
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Figure 3.1 is a curve of the drag acceleration data obtained
on Rocket 1, This rocket was launched four hours before the
scheduled Blue Gill detonation, The sphere was ejected from
the Nike-Cajun rocket approximately 56 seconds after launch,

The time of ejection corresponded very closely with the time of
the first data point on the curve, The upleg portion of the mean
drag data is represented in the figure by a straight line with a
negative slope. Approximately 80% of the upleg data fell on this
line, although some scatter in the data was observed as the sphere
approached the altitude where the drag acceleration became less
than 6 x ;0'3ft/secz.

During the elapsed time interval between 100 and 275 seconds,
approximately, the experimental points describe a line nearly
parallel to the time axis (zero slope), This represents an
electronically determined value of accelerometer threshold
sensitivity, but does not constitute a measurement of drag ac-
celeration, It is the plateau region previously described, Ata
time corresponding to the mid-point of the plateau (187,7 seconds
referred to rocket launch) the sphere reached peak altitude and
then began its descent, After 275 seconds of elapsed time drag

acceleration measurements were again obtained from the sphere,

81



The mean drag data of the downleg portion of the curve is
represented by the straight line with a positive slope. The slope
.remained constant until the sphere approached re-entry conditions,
Here the slope began to decrease, The peak drag acceleration
deduced from calculations corresponded to the inflection point
of the curve which occurred at approximately 350 seconds., At
later times the slope of the curve became increasingly negative
until it reached another plateau-like region where the scatter in
the data was most probably due to atmospheric turbulence., This
conclusion is justified on the basis that the accelerometer per-
forms with great reliability and accuracy in this range of drag
accelcrations,

Due to tﬁe additional air resistance offered by the sphere, its
impact time was about 483 seconds compared to approximately
375 seconds for the Cajun rocket, The sphere reached ground
level with a speed of about 150 ft/sec (approximately 100 miles /
hour) although its peak velocity was over 4000 ft/sec, emphasizing
the sharp retardation due to atmospheric drag.

It is also interesting to note that in the time interval, 56 to
90 seconds, the rate of data acquisition was slightly more than

one point per second, while in the 20-second interval between

82



310 and 330 seconds, the rate of acquisition was just over two
points per second. This illustrates the capability of the instru-
mentation to handle data at a rate compatible with the changing
drag force imposed upon the sphere during its flight.

The data obtained from Rocket 2, fired
at 2230W on 19 June 1962, was generally similar to that ob-
tained from Rocket 1, However, as observed in Figure 3,2, the
quality of the data was vastly improved, It can be seen that the ex-
perimental points provided a much better approximation to
straight lines than the data of Figure 3,1, This was probably
due to better performance characteristics of the accelerometer
used during this flight, or it could be attributed in part to more
accurate balancing of the sphere, thus minimizing inaccuracies
due to spin effects. On this flight,sphere ejection also occurred
at approximately 56 seconds after rocket launch, but the sphere
reached zenith altitude almost 2 seconds later than the previous
one, probably due to a slightly higher launch elevation angle,
The effective angle of elevation was estimated to be 85° for
Rocket 2 compared to 83° for Rocket 1, Impact time was 486,28
seconds,

Except for small differences in related values of ejection
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time, peak time, peak altitude, and impact time (see Table 3,7)
the general comments on the first two curves of drag acceleration
versus elapsed time apply to Rockets 3, 4, and 7 (see Figures 3, 3,
3.4 and 3.7). Rocket 3 was fired on 8 July 1962

Rocket 4 was fired on 23 July 1962. In each case, acceleration
data of good quality was obtained,and the points were spaced suf-
ficiently close over the region of measurement to obtain a linear
function without resorting to excessive smoothing,

It should be mentioned again that Rocket 7, Figure 3,7, was
fired for the purpose of obtaining background data on the normal
atmosphere,and hence, was not associated directly with a nuclear
test. On this flight the sphere was ejected at approximately
55 seconds after launch and impact was recorded at 492 seconds,
This was the longest flight recorded for rockets used to make
measurements on the normal atmosphere, This can be accounted
for in part by the difference in payload weights, Since no beacon
equipment was required on Rockets 5,6,7,8,and 9, the average
payload weight was reduced to 55 Ib compared to about 62 1b for
Rockets 1 through 4, The spread in impact times for Rockets 1,

2, 3, 4,and 7 was only 9 seconds (a minimum value of 483 seconds

for Rocket 1 and a maximum value of 492 seconds for Rocket 7).
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The average impact time for these flights was 486,67 seconds,
The drag acceleration data obtained during the Chec\k Mate
event (Rocket 5) is presented in the curve Figure 3.5, The
Falling Sphere probe was launched at H + 10 minutes, The first
sphere signal was recorded at 53, 74 seconds after rocket launch,
indicating normal ejection, The first three or four measurements
of drag acceleration obtained immdiately following ejection gave
spurious values that were smaller than the actual ambient values,
This was probably due to the short-duration disturbances set up
in the surrounding atmosphere by the explosion that was associated
with ejection, Excellent data was obtained over the useful range of
the gccelerometer. However, this curve exhibits some features
that are significantly different from those obtained from measure-
ments made on an atmosphere undisturbed by 2 nuclear detonation,
With reasonable assumptions, both theory and experiment predict
that the drag function in a normal atmosphere should vary nearly
exponentially with altitude, Hence, a semi-log plot of the upleg
and downleg drag acceleration data should give approximately
straight lines of equal, but opposite slopes, However, this curve
shows a change in slope occurring in both the upleg and downleg

portions of the flight, The available data suggests that the ob-
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served deviations in slopes were produced by nuclear test
effects. Furthermore, the dataindicates that the sphere was in
flight for 505 seconds after rocket launch, This flight duration
is about 18 seconds longer than the average of those flown in an
undisturbed atmosphere., The unusually long flight time observed
after Check Mate was probably due to atmospheric disturbances
induced by the nuclear test,

A Falling Sphere probe (Rocket 6) was launched 15 minutes
after the Blue Gill Triple Prime burst, The drag acceleration data
obtained from this flight is shown in Figure 3,6, Although one
can detect a very small change of slope in the drag acceleration
data, the abrupt changes observed in Figure 3,5 are not present

_in this curve, Sphere ejection was accomplished at the pre-
determined time of 55 seconds after launch, The flightdurationwas
495 seconds; 3 seconds longer than that of the background shot
(Rocket 7) in an undisturbed atmosphere, and 10 seconds shorter
than the Check Mate flight (Focket 5).

The drag acceleration data obtained from a sphere probe
launched at H + 10 minutes on the King Fish event is shown in
Figure 3,8, The sphere was ejected at 57 seconds after launch.

This later ejection time, a lower angle of elevation (83° effective),

and an appropriate azimuth were chosen so the sphere would
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more closely enter the region disturbed by the test, The sphere
impact time of 492 seconds was 9 seconds later than that of the
background shot, Rocket 1, which was fired at the same effective
angle of elevation (83°). The change in slope of the dov.vnleg ;.c-
celeration curve indicated that the density (or its percentagedevia-
tion from normal) changed sharply at this time, which corresponded
to an altitude of about 55 km, This indication is confirmed by the
density data which is plotted in Figure 3,27 and discussed in
Section 4.1 , |

The data obtained after the Tight Rope event (Rocket 9) re-
quires special consideration due to second-stage ignition failure
on the. Nike-Cajun rocket. The rocket was launched at H + 4 min,
The drag acceleration curve presented in Figure 3,9 shows that
normal ejection occurred at 51,57 seconds afte:i launch, The
curve looks quite different from those previously presented,
This is because drag acceleration data was obtained through the
peak of the sphere trajectory due to thewlow altitude ( and low
velocity) at which sphere ejection occurred., The observed drag
acceleration was 4 ft/secz at ejection and decreased to approxi-
mately 0, 26 ft/secZ at peak altitude, The highest acceleration

was 48 ft/set:Z (about 1.5 g) except in the region of turbulence

where there existed a wide spread in drag acceleration values.,

87



The sphere impacted at 211 seconds, The new accelerometer
developed by the University of Utah was flown in this sphere, The
data indicated that the instrument worked very well throughout

the limited flight, but conditions were not favorable enough to
compare performance with the other type accelerometer used
during the series,

It should be noted that no notic.eable attenuation of the
telemetry signal at 730 Mc was observed in the flights following
nuclear detonations, However, this probably would not have been
the case if the flights had been at earlier times following the
detonation and had been positioned so that the signal had to
traverse the fireball to be received.

3.3 PEAK TIME DERIVATION

The peak time of a sphere flight refers to that time at which
the sphere attains maximum altitude., Its gccurate determination
is quite essential to the data reduction process, An error in peak
time produces a less accurate sphere trajectory, andthis inac-
curacy is reflected in the final results, The peak times can be
deduced, in principle, from the drag acceleration curves in
Figures 3. ‘1 through 3.9, but greater accuracy can be obtained
from the use of the special plots shown in Figures 3,10 through

3.18 (Rockets 1 through 9).
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It was assumed that the drag acceleration was symmetrical
with regard to peak time, Therefore, peak time for each sphere
trajectory was determined by .carefv..xlly comparing tht'a time inter-
cepts of the drag acceleration data obtained on the upleg and
dowleg portions of the flight,

In these special curves, drag acceleration was plotted at
appropriate intervals of time referred to rocket lift-off, so that
the upleg and downleg portions described straight lines that inter-

sected at peak time as determined by the equation

tp = (t1+tz) /2 (3.2)
where tp is the peak time, t is in the range 50 sec<t1<125 sec,
and t, is in the range 265 sec{tz< 340 sec. An exception to the

above values of t anci t, occurs in the peak time derived from
the curve of Figure 3,18 (Rocket 9),because this was not 2 normal
* flight, However, it should be noted that if the accelerometer
were capable of making measurements throughouta normal sphere
trajectory, Figure 3,18 would be a typical drag acceleration
curve rather than the exception, and the determination of peak
time would be further simplified,

Peak times, derived in this manner for each flight, are

summarized in Table 3,7, This table also gives a summary of
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sphere ejection times, peak altitudes, and impact times for
Rockets 1 through 9,

The success of any graphical method used for deriving peak
time depends upon the quality of the data obtained on the upleg and
downleg portions of the flight, Excellent data was cbtained on all
flights, thus making it possible for peak time to be determined
with high accuracy in each case,

3.4 RADAR TRAJECTORY DATA

Radar data on the sphere altitude as a function of time
during its flight is required for the determination of a.mbie‘nt at-
mospheric properties, The experimental accuracy of the density
and pressure profiles is limited by the precision with which the
sphere altitude can be determined as a function of time. This
requires that peak altitude (Zo) be determined by radar with a
maximum error of 100 meters,

The DAMP Ship was responsible for radar support of
Project 9.1a rockets during the first part of Fish Bowl, The
DAMP Shipfailed to track Rockets 1 and 2, but some useful
radar data were obtained on Rocket 1 from a partial track made
by the PMR Range Tracker during a practice mission. Radar

coverage by the DAMP Ship was reasonably complete on Rockets
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3 and 4, but the accuracy did not meet the experimental require-
ments stated above, This was probably due in part to uncertain-
ties in the position of the ship, °

The radar data for Rockets 3 and 4 are presented in Tables
3.1 and 3.2, respectively, and were furnished to the project
through the courtesy of Archie Gold from RCA, The tracking
radar used was an AN/ FPQ-4. Included in the tables
are radar data on the flight azimuth and horizontal range as a
function of time, However, this was not a requirement for ob-
taining measurements on the ambient atmospheric parameters.
Except for some scatter in the data,there seem to be no incon-
sistencies in the tabulated values,

For the Falling Sphere measurements following high-alti-
tude nuclear detonations, it was necessary to have the flight
azimuth and horizontal range as a function of time, in addition
to the requirements of altitude versus time stated above, This
is because the atmospheric properties following a nuclear detona-
tion are a function of position relative to the nuclear fireball,

During the second part of the Fish Bowl Series, radar
tracking support was provided by the Range Tracker, Due to its

close proximity to the launch site, skin track of the rocket was
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considered to be satisfactory, It was therefore possible to dis-
pense with the radar beacons used during the first part of the
series when the rockets were tracked by the DAMP Ship., In the
absence of a beacon, radar acquisition was achieved by using an
optical viewfinder during the rocket burn phase.

Rocket 5, launched at H + 10 minutes on Check Mate was
not tracked due to an oversight, However, the remaining four
rockets were tracked with reasonably. good success: Rocket 6,
launched at H + 15 minutes on Blue Gill Triple Prime; Rocket 7,
launched at 2300 hours (local time) on 29 October 1962 to obtain
background data; Rocket 8, launched at H + 10 minutes on King
Fish; and Rocket 9, launched at H + 4 minutes on Tight Rope,

The tracking data is summarized in Tables 3.3, 3.4, 3.5,
and 3.6. Reduction of the radar data was performed by
Umberto Ysnago at the PMR Computer Facility on Johnston Isiand

It was desired to have a radar track at least through the
peak of the rocket trajectory and this was accomplished on three
rockets, Rocket 8 (Table 3.5) was not tracked through peak alti-
tude, but the data obtained was still of considerable value,

It should be noted that the time given in each table corres-

ponded to the length of time the radar had been operating and not
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the time of flight of the rocket. To obtain the latter time, a zero
correction has to be made, This correction is different in each
table and is provided in a footnote, The horizontal range and
azimuth are from the particular radar in use, All data is from
the shipboard FPS 16 unless otherwise specified. The altitude
was measured relative to a plane tangent to the earth at the site
of the radar, These values have been corrected for the curva-
ture of the earth to gis;e actual height above the earth before
being entered in the tables, Where data is not shown in the
tables, there was no radar track of the rocket.

Table 3,4 (Rocket 7) required some clarification,since it
was tracked at various times by one or more of the three radar
systems, System II was the first to acquire, followed by
System I, Both systems tracked for 80 seconds, after which
time System 1I lost track, Twenty-seve_vn seconds later, System
III acquired, and System I and System III tracked for 68 seconds,
when System I lost track, This probably occurred at the peak
of the trajectory. System III continued to track almost to im-
pact. The question can be raised as to how many objects were
tracked, When System I first acquired, it must have been track-

ing the same object as System 1I, since there was only one object
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(the Cajun) at that time, other than the Nike Booster which has
a quite different trajectory. However, at flight time of 55 seconds
the rocket breaks into three pieces: the motor case, falling sphere,
and nose cone, At later times the radars may be tracking one ob-
ject or any two objects, The estimated impact time of the object
tracked by System III was 465 seconds, radar time, or 433,5
seconds, flight time, The impact time of the sphere was measured
from telemetry to be 493,1 seconds, flight.time. From the rela-
tive impact times, the object tracked was probably the rocket
motor,
3.5 SPHERE TRAJECTORY DETERMINATION

When adequate radar tracking data is available, the ideal
method of determining the sphere trajectory is that given below,
This was the method used to determine the trajectory for six of
the nine sets of data reduced for this report (Rockets 3, 4, 6, 7,
8,and 9). When the required radar data was not available ( as in
the case of Rockets 1, 2, and 5),more laborious and less accurate
methods of determining the sphere trajectory were employed.

3.5.1 Calculation of Sphere Velocity. The first task is

to calculate the sphere velocity V and its horizontal and

vertical components as a function of time during its flight,
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The basic equation is

where V is the sphere velocity at time ¢t

V_ is the sphere velocity at time t

1 o

E is the acceleration due to gravity

;D is the drag acceleration, which equals

% ch -‘% P VV
Where: p = atmosphere density
Cp = drag coefficient
A = sphere cross sectional area
m = maes of sphere

The actual calculations are made using the vertical or

(3, 3)

(3.4)

horizontal components, and with small intervals of time during

which changes in the magnitude or direction of the drag accelera-

tion can be neglected.

The equations used are

vy
Vv=‘/vo+(:tg-a.DV )(t-to)

A/
VH=VH° -ap ~ (t-to)
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viav? s vt (3.7)
H

The calculations are started taking t, as the sphere peak
time (most accurately obtained from the sphere telemetry d.a.ta).
At that time, Vvo 2 O, and a value for vHo is obtained from the
radar data, Because of considerable fluctuations in the values of
Vy given by the radar, a mean value over an appreciable time
interval is used, A value is taken for g appropriate to the mean
altitude over which data was obtained and the latitude of Johnston

Island,

31,20 ft/sec?

galt:
950.976 cm/sec® (3.8)

A vacuum trajectory is calculated from the peak until such
time as the drag acceleration is appreciable, working back
toward the time of sphere ejection and also forward toward the
time of sphere re-entry, Once the drag acceleration has to be
included, the calculations are continued using an iterative process
with the above equations, with one-se_cmd time intervals,

3,6,2 Calculation of Sphere Altitude, The basic equation

is
f dz = [ v, dt (3.9)
° o

For the vacuum region, where the drag acceleration is negligible
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this becomes

. 2
Z=2,- 5 glt-t) (3.10)

where Zo is taken to be the peak altitude, obtained from radar
data, The calculation is continued in the drag region, by iteration
using
Z, -2, = %(VVZ+V1)(tZ-tl) (3.11)
v
where t, - t, is taken to be one second,

A summary of sphere trajectory data is given in Table 3.7,
Sphere ejection and impact times were obtained from telemetry,
Peak times (to) were determined by methods discussed in Section
3.3. Peak altitude (Zo) and the horizontal velocity (vHo) of the
sphere at peak altitude were determined by radar when adequate
tracking data were available, Note that the peak altitudes in Table
3_. 7 are corrected values. The nine sets of density data that have
been reduced for this report used the values of ty Zo, and VHO
that are given in Table 3,7,

Small errors in the determination of sphere peak time and
peak altitude can produce large errors in the density and pressure
curves, The altitude deviation in the density and pressure curves
due to an incorrect value of t, is the result of a cumulative error

ttat results from the iterative method employed in the calculations.
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A small error can produce a large effect,because the neutral
density and pressure vary approximately exponentially as a
function of altitude, An error in Zé simply causes the altitude
to be displaced in both the density and pressure curves by the
amount of the error and in the same direction,but because of
their exponential variation, the change in the pressure and density
at a specified altitude may be of considerable magnitude, It is

for these reasons that corrected values of Z  appear in Table 3. 7.
A detailed discussion of these corrections will be given in the

next section (3.6) on atmospheric density.

In the absence of radar tracking data it was possible to
make satisfactory estimates of vHo based upon knowledge of the
effective elevation angle of the rocket and other related data,
Since the value of VH wasg always small compared to the total
sphere velocity in the region of measurement, minor inaccuracies
in the initial value (vHo) produced negligible errors in the calcu-
lated densities. The values of vHo for Rockets 1, 2, and 5,

were estimated, while the remaining values were obtained from

radar data.
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3.6 ATMOSPHERIC DENSITY
Atmospheric density was calculated from data obtained from

the nine Project 9.1A flights using the relation

2
A vicp

(3.12)

This equation was presented and discussed in Chapter 1 as Equation
1.2. The mass to area ratio (m/A) of each sphere was measured
before flight; the drag acceleration (ap) was obtained as a function
of time, from telemetry, as discussed in Section 3,2; the sphere
velocity (V) was determined from sphere trajectory data by methods
described in Section 3.5; and the appropriate values of drag co-
efficient (Cp) 2s a function of Mach and Reynolds numbers, were
taken from the plot shown in Figure 3,19. Although the plot is
similar to the one contained in Reference 4, changes in the values of
CD have been made consistent with new data presented in Refer-
ences 8 and 9, In addition, the curves have been extended from a
minimum Reynolds number of 10! to 5x 10'1. This extension into
a region where little experimental data is available was necessary,
because, with the improved accelerometer, measurements were
made at higher altitudes than formerly. Also plotted in Figure 3,19

are valuesof the Mach and Reynolds numbers of Sphere 1 as a func-
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tion of time during its flight,

The density profiles calculated from Equation 3.12 are
shown in Figures 3,20 through 3.28. On each figure is plotted
upleg and downleg data, The former begins at the time of sphere
ejection, and the latter ends just above re-;ntry, where the accel-
erometer high-g limit is reached. At low altitudes the density
curves were joined to that of the Rawinsonde data obtained at the
same time (when available), Also, the measured densities in
each figure are compared with the values of two models, These
are a Tropical Atmosphere for 15°N, up to 90 km (Reference 10)
and the U,S, Standard Atmosphere (Reference 11),

The density curve shown in Figure 3,20 was deduced from
data obtained by Rocket 1. This rocket was fired at 1800 hours
(local time) on 1 June 1962, which corresponded to a scheduled
launch time of H - 4 hours on Blue Gill (see Table 2.2 for sum-
mary of all rocket launchings). The dashed curve, beginning at
zero altitude and continuing to 90 km, is that of the Tropical At-
mosphere model, Overlapping this is a dotted curve containingthe
portion of the U, S,Standard Atmosphere between 85 and 110 km,
Both these models are included in all the density curves presented

in this section, with the exception of Figure 3,28, which will be
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discussed separately, Values of the densities in these two models
are given in Tables 3,8 (Density, 0-115 km; U, S, Standard Atmos-
phere, 1962) and 3.9 (Density, 0-90 km; Tropical Atmosphere,
15°N). The mean value of the density data determined experiment-
ally from the upleg and downleg of the sphere flight is represented
in the figure by the solid curve, The upleg data begins at 61.6 km
and e;xds at 105 km, while the downleg data begins at 107.9 and
ends at 39,1 km, The maximum altitude for which related Rawin-
sonde data were obtained was 24,0 km, The computed values of
sphere and Rawinsonde densities are given in Table 3,10,

The results obtained from Rocket 2 are plotted in Figure
3,21, This rocket was fired at 2230 hours (local time) on 19 June
1962, Since no radar track of this rocket was obtained, altitudes
were determined as'accurately as possible from sphere telemetry
and other related data, The final altitude correction was made by
comparing the measured density curve with the two models, No
Rawinsonde data was available on this flight, Computed values of
sphere densities are given in Table 3. 11.

Figure 3,22 shows the results obtained on Rocket 3 which
was fired at 2230 hours (local time) on 8 July 1962, The mbcket

was tracked by radars on the DAMP Ship which was in position
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for Star Fish, However, there were errors in the radar-deter-
mined altitudes. Two solid curves are used to present mean den-
sity values, one corresponding to radar altitudes and the other to
corrected altitudes. The data used in each curve is identified by
appropriate symbols in the figure legend, No Rawinsonde data
was available for this flight, Computed values of sphere densities
are given in Table 3,12,

Densities obtained from measurements on Rocket 4 are shown
in Figure 3,23, This rocket was fired at 1920 hours (local time)
on 23 July 1962, Mean densities corresponding to radar altitudes
determined by the DAMP Ship are represented by one solidcurve,
while the mean densities corresponding to the corrected altitudes
are represented by another solid curve, The data used are identi-
fied by appropriate symbols in the figure legend. Rawinsonde
densities are plotted up to 24 km. Computed values of sphere and
Rawinsonde densities are given in Table 3,13,

Densities measured shortly after_ Check Mate are plotted in
Figure 3,24, Unfortunately, due to an oversight, the rocket was
not tracked, The lowest altitude at which a density measurement
was obtained was matched to the altitude of the same density on

the Tropical Atmosphere, By double integration of the drag
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acceleration it was then possible to determine all other altitudes,
Th.e rocket was launched at H + 10 minutes,and measurements
were made between approximately H + 11 and H + 12 minutes
(upleg) and H + 15 and H + 16 minutes (downleg). The mean
values of the upleg and downleg density data are represented in
the figure by two solid curves, Rawinsonde densities are plotted
to 24 km, Computed values of sphere and Rawinsonde densities
are given in Table 3, 14,

The measured densities plotted in Figure 3.25 were ob-
tained from Rocket 6, launched at H + 15 minutes on Blue Gill
Triple Prime. A successful radar skin-track of the rocket was
made by the PMR Range Tracker, although a small correction
had to be made in the altitude data obtained. One solid curve
represents the mean densities obtained from the upleg data, while
the other solid curve represents the mean densities obtained from
the downleg data, Both have been corrected for radar errors in
altitude, On this flight, the upleg data, commencing with sphere
ejection, extended up to approximately 112 km, while downleg
data was obtained as low as 36 km, Rawinsonde densities are
plotted up to 24 km. Computed values of measured sphere and

Rawinsonde densities corresponding to the plotted values are
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given in Table 3,15,

Rocket 7 was flown to obtain background measurements on a
normal atmosphere, ft was launched at 2300 hours (local time)
on 29 October 1962, The density results obtained are plotted in
-Figure 3.26. Presentation of the data is similar to that of
Figures 3.22 and 3,23 (Rockets 3 and 4), Two solid curves are
used; one representing the mean densities corresponding to
radar determined altitudes, and the other corresponding to cor-
rected altitudes, This provides an opportunity to qualitatively
assess the relatively large change in density produced by a small
error in altitude, The range over which the measurements were
made is comparable to that of Rocket 6 which was previously dis-
cussed. Rawinsonde densities are plotted up to 24 km., Table
3.16 gives computed values of sphere and Rawinsonde densities
corresponding to the plotted data,

The density profile measured by Rocket 8, launched atH+ 10
minutes on King Fish, is plotted in Figure 3,27, The mean den-
sities obtained from the upleg and downleg data aré again repre-
sented by two distinct curves, These curves, when compared
with the models and density profiles obtained on a normal atmos-

phere, will provide information on density perturbations through-
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out the sphere trajectory, This comment applies to all post-deton-
ation flights conducted by Project 9.1a. Rawinsonde densities are
plotted to 24 km., Computed values of Rawinsonde and sphere den-
sities, corresponding to the plotted data, are given in Table 3,17,

The density data obtained from Rocket 9, launched at H + 4
minutes on Tight Rope, is plotted in Figure 3, 28, Due to lack of
second-stage ignition the rocket failed to achieve a normal tra-
jectory. This resulted in measurements being made in the alti-
tude range 10 to 21,7 km, This was a very fortunate coincidence,
since this region was highly disturbed following the nuclear detona-
tion, The low peak altitude of the sphere flight also accounts for
the small amount of data obtained on the upleg portion of the
trajectc.)ry,since sphere ejection occurred at the normal time of
51.6 sec, In this figure the Tropical Atmosphere is plotted be-
tween 0 - 24 km (dashed curve) and also Rawinsonde measure-
ments made shortly before the detonation., Table 3.18 gives the
computed values of sphere and Rawinsonde densities correspond-
ing to the plotted data,

It should be emphasized that the set of density values pre-
sented in this section were calculated from actual experimental

values of drag acceleration measured by the sphere accelerometer,
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The experimental curves represent mean densities, The scatter
of the experimental points is due, at least in part, to the inability
of the accelerometer to accurately measure, with consistency,

the small drag accelerations encountered at high altitudes. No
attempt was made to‘smooth these points. In the experimental
curves, in regions where the interval between successive measure-
ments was small, every second data point was omitted in order to
facilitate reading the results off the curve. The corresponding set
of density tables (Tables 3,10 through 3,18) , in general, give com-
puted values for only the data plotted,

The determination of the sphere peak altitude (Zo) may be sum-
marized as follows, For Rocket 9, which had a peak altitude of
only 21,7 km, the radar data was used. For all other rockets the
peak altitude was determined by matching the lowest altitude at
which a density was measured (about 35 km) Eo the altitude of the
same density on the Tropical Atmosphere. By double integration
of the drag acceleration it was then possible to determine the peak
altitude with precision, The principle on which this method is
based is that the atmospheric density is known precisely at alti-
tudes near 35km, but is not acgurately known near 100 km,

The following table summarizes the corrections to the radar-

108

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



measured peak altitudes that were derived by this method,

Corrected Radar
Rocket Peak Altitude Peak Altitude Correction
km km km
3 145,8 147.8 . -2,0
4 148,2 146,9 1,3
6 153, 7 152.7 1.0
7 153,7 151, 7 2.0

8 149.5 149,0 0.5

3,7 CALCULATION OF ATMOSPHERIC TEMPERATURE

It is possible to deduce temperature profiles from values of
density as a function of altitude, To obtain accurate temperatures,
precise values of density and a good method of analysis are re-
qﬁired. The theory and techniques required have been discussed
in a2 number of publications, including the "Revision of U, S,
Stand2rd Atmosphere, 90 to 700 km'' (Reference 12}, The method
of starting from a low altitude and extrapolating the temperature
upward in straight-line segments was attempted and abandoned
for two reasons, One was that it is a trial and error method and
thus relatively slow and unsuitable for the reduction of a large
quantity of data, Secondly, this technique does not yield a unique

solution, and a temperature profile could be obtained which differed
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considerably from the actual one,
Thus, the method of integrating down was tried and found
to be rapid and, with one known reservation, accurate and unique,

In this method the formula

hr
T T, =L s — f p dh (3.13)
M My o h '

is used, TMr and p, are temperature and density, respectively,
at the reference altitude h,, which is the highest altitude at

which measurements were made, TM and p are the correspond-
ing quantities at any lower altitude h, and Q is a constant, The
molecular-scale temperature used in Equation 3,13 is defined by

T—M°
M~ M

T (3.14)

where Mo is the mean molecular weight at sea level, M is the
mean molecular weight at a given altitude, and T is the kinetic
temperature, Up to a geometric altitude of 90 km, the molecular
weight ratio MO/M =1, and therefore TM = T, Above 90km,
M, /M is greater than unity,and hence, TM is greater than T,
Since the density data obtained by Project 9,12 during Fish Bowl
included altitudes above 90 km, a simplification in the calculations

resulted from the use of Equation 3,13, This gave molecular

temperatures as a function of altitude. Equation 1,7 (see
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Section 1,3, Theory) could have been used to determine kinetic
temperatures, However, it would have involved assumptions as
to the composition,and he.nce,valuel of M above 90km,

In order to use the downward integration technique it is
necessary to assume a value of TMr and apply numerical inte-
gration to the density profile. The only source of inaccuracy
when using this method is in the value of TMr, and any error
due to this is negligible at altitudes more than 10 km below the
reference level, One big advantage is that the values of the cal-
culated temperatures are independent of any error in the altitude
assignment of the densities, since only ratios of densities and
altitude increments are involved in Equation 3,13,

Molecular temperature curves calculated from measure-
ments obtained from Rockets 1 through 9 are shown in Figures
3.29 through 3,37, Except for Figure 3, 37, these data are com-
pared with two models: the Tropical Atmosphere model, 0-90 km
(Reference 10) and the portion of the U.S, Standard Atmosphere,
1962 (Reference 11) between 85-115km, The Tropical and U,S,
Standard Atmospheres are represented in the figures by dashed
and dotted curves, respectively, Values of the Tropical Atmos-

phere temperatures are given in Table 3,20 and values of the
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U, S. Standard Atmosphere temperatures are given in Table 3,19,
Rawinsonde temperatures obtained before each flight are plotted
in the curves, when this data was available. Rocket 9 (Figure
3, 37) did not achieve a normal trajectory, It is for tﬁil reason
that just the portion of the Tropical Atmosphere between 0-24 km
was used to compare sphere and Rawinsonde temperature measure-
ments,

Figure 3,29 shows the temperature data obtained from
Rocket 1, Molecular temperature (degrees, K) is plotted as a
function of geometric altitude (km), Both the upleg and downleg
temperature data (appropriately identified in the figure legend)
were individually calculated from values taken from the density
curves in altitude increments of 4 km, The value used for TMr
in Equation 3,13 was 250,65°K, the molecular temperature at
108 km in the U.S.Standard Atmosphere, Rocket launch dates
and times are summarized in Table 2,2, Rawinsonde tempera-
ture data obtained shortly before the flight is plotted from ground
level to 24 km, Table 3,21 gives the values of temperature used
to plot the sphere and Rawinsonde curves of Figure 3.29.

Temperature data obtained from Rockets 2 and 3 are shown

in Figures 3.30 and 3,31, respectively, Because of similarities
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in the temperature curves plotted f{rom data obtained on these
two flights, they are discussed jointly., In both figures the cal-
culagéd temperature data are derived from a single curve which
is the mean value of measured upleg and downleg densities,
Rawinsonde data was not available for either flight, The value
used for TMr for Rocket 2 was 230,65°K, the molecular temper-
ature at 104 km in the U.S,Standard Atmosphere. As a result of
a subsequent lowering of the altitude by 0,6 km this temperature
should have been lowered by 3°K, However, the correction was
not important,since the value used for TMr is only an estimate
whose effect is small at lower altitudes, For example, a change
of 3°K at 104 km corresponds to a change of only 0.15°K at 94km,
The value used for TMr for Rocket 3 was 210,65°K, the molecular
temperature at 100 km in the U, S, Standard Atmosphere, Again,
as a result of a subsequent lowering of the altitude by 2km this
temperature should have been lowered by 6*K, The values of the
plotted data appear in Tables 3,22 and 3,23,

The temperature profilés calculated from data obtained on
Rockets 4 and 7 are shown in Figures 3,32 and 3,35, The general
description of the results obtained apply equally to both flights,

The temperature curves were computed from mean density data
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associated with each flight, Equal altitude increments of 4 km
were used to calculate the temperature data, The value used for
TMr for both rockets 4 and 7 was 250,65°K, the molecular
temperature at 108 km in the U, S, Standard Atmouphere. Rawin-
sonde temperature results are plotted from ground level to 24 km,
The values of sphere and Rawinsonde temperature data used in
the figures are given in Tables 3.24 and 3,27,

All the temperature results thus far presented (Rockets 1, 2,
3, 4, and 7) were obtained from flights that were used to make
measurements on the normal atmosphere, The results to be dis-
cussed in the remainder of this section were obtained from
rockets that were launched shortly after a nuclear detonation,
For launch details, see Table 2,2, Summary of Rocket Launchings.

The results obtained from Rockets 5, 6, and 8 are shown in
Figures 3,33, 3,34, and 3,36, Each curve consists of two dis-
tinct temperature profiles computed from separate density data
obtained on the ascending and descending portions of the sphere
trajectory. In most cases, measurements obtained on a normal
atmosphere show negligible differences between the upleg and
downleg density and temperature data, This fact provides the

justification for the type of mean data plot shown in Figures 3, 30,
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3.31, 3,32, and 3,35, However, on the flights following a
nuclear detonation,temperature perturbations, with a time and
position dependence, were anticipated, It was, therefore,
reasonable to expect that significant differences in atmospheric
parameters could occur during the time required for the sphere
to make measurements on the upleg and downleg portions of its
trajectory.

For Rocket 5 (Figure 3, 33) the value used for TMr for the
downleg data was 260.65°K, the molecular temperature at
110 km in the U.S.Standard Atmosphere. For the upleg data it
was necessary to use a value for TMr that was 25 degrees
higher. For Rocket 6 it was satisfactory to use a value 0of270.0°K
for TMr for both the upleg and downleg data. This is virtually
the molecular temperature in the U,S,Standard Atmosphere
(270,65°K) at 111 km, Again, it was satisfactory to use the
same value of TMr (220, 65°K) for both the upleg and downleg
data of Rocket 8. This is the molecular temperature in the U, S,
Standard Atmosphere at lOZl;m. Subsequently, the altitudes were
raised by 0. 5km. However, the change in the temperatures was
negligible, as in previous cases where small corrections in alti-

tude were made.
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Temperature data obtained by Rawinsondes before the nuclear
detonations are plotted from ground level to 24 km. Tables 3,25,
3,26, and 3,28 give the values of temperature that were plotted
for Rockeltl 5, 6, and 8,

In Figure 3,37 is plotted the temperature of the Tropical At-
mosphere model between 0 and 24 km and Rawinsonde temperature
data obtained just before the Tight Rope event, Two solutions of
Equation 3,13 for the temperature measured shortly after the
detonation are plotted. For such highly disturbed conditions it
is difficult to know what value to take for TMr' The solutions
given may only be regarded as typical and correspond to values
of TMr at 21. 6 km of 450°K and 350°K, respectively. The
significance and interpretation of these results will be discussed
in Chapter 4. The temperatures plotted in Figure 3,37 are
given in Table 3,29,

3.8 ATMOSPHERIC PRESSURE

The pressure data given in Tables 3. 32 through 3.40 and
plotted in Figures 3. 38 through 3,46 were computed from the
density and temperature data obtained from Rockets 1through?9,
respectively. The relationship between density, temperature,

and pressure is given by the perfect gas law which is expressed
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by the equation,
R TM

M,

P =9 (3.15)

w_here P is the pressure, p is the density, TM is the molecu-
lar temperature, R is the universal gas constant, and Mo is the
mean molecular weight at sea level, This is the equation that
was used to compute the pressure curves, All the curves were
plotted in altitude increments of 4 km, except for Figure 3,46
which was plotted in altitude increments of 2 km,

In Figures 3. 38 through 3,45 the Tropical Atmosphere model
(Reference 10) is plotted between 0-90km. Also plotted is the
portion of the U.S, Standard Atmosphere, 1962 (Reference 11) be-
tween 85-110 km approximately, depending upon the altitude range
of the data, In Figure 3,46, the portions of both models between
0-24km are plotted. Table 3,30 gives values of the U, S, Standard
Atmosphcre pressure between 0-115km, The values given in the
table overlap the experimental data at both the highest and lowest
altitudes. Table 3,31 gives values of the Tropical Atmosphere
pressure between 0-90 km. Rawinsonde data obtained shortly be-
fore each flight (with the exception of Rockets 2 and 3) were plotted
to 24 km.

In Figure 3. 38 the pressure results obtained on Rocket 1 are
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shown, Consistent with the density and temperature curves, the
upleg and downleg data required separate plots, Upleg data was

obtained over the altitude range 60-108 km, approximately, while
downleg data was obtained between 108-36 km,

The pressure curve computed from data obtained on Rocket?2
is shown in Figure 3,39, The single experimental curve in the
figure represents the mean value of the upleg and downleg data,
Pressure results were obtained in the altitude range 35-103 km,
approximately.

The pressure results obtained from Rocket 3 are shown in
Figure 3.40. The experimental data are plotted in two separate
curves, both of which represent mean values of upleg and down-
leg data, The curve shown about 2 km higher than the models was
obtained from radar altitude data, An aititude correction was
made to obtain the second curve, but it should be noted that this is
not a2 new correction. It merely reflects the original altitude cor-
rection that was made in the corresponding density plot.

Figures 3,41 and 3, 44 show the pressure results obtained on
Rockets 4 and 7. Each of these plots is similar to that of Rocket 3,
except that the second curve obtained by using radar determined

altitudes is omitted. The corrected curve shown in each figure
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represents the mean data obtained on the upleg and downleg portions
of the sphere flight, with the same altitudes used in the preceding
density and temperature plots for these rockets.

The pressure results obtained on Rockets 5, 6, 8, and 9 are
shown in Figures 3,42, 3.43, 3,45, and 3,46. These rockets
were launched shortly after nuclear detonations,and the results
show small pressure perturbations that were probably produced by
the nuclear tests, In Figures 3,42, 3,43, and 3,45, the curves
obtained from the upleg and downleg data are, in general, different
at a given altitude, These differences are similar to those ob-
served in the corresponding curves of density and temperature,

The data shown in Figures 3,42 and 3.43 (Rockets 5 and 6) cover an
altitude range of approximately 34 to 110 km, while that of Figure 3, 45
(Rocket 8) is in the altitude range 39-103 km.

In Figure 3.46 (Rocket 9) three experimental pressure pro-
files are shown, These curves are based upon three temperature
profiles, each corresponding to a different value of TMr (initial
temperature) assumed at 21,6 km. The respective values of TMr
are 350, 450, and 650°K. Note that the temperature curve cor-

responding to TMr = 650°K was not plotted in Figure 3, 37,

117

.~ L,s .
------



0=H 1enjoe O} P3aIIIIIY %

€161 08°s21 L0°061 92 °1691- 6¥°cl L¥°26 81°061 9Z *1eLl-
00°61 80°¥v21 96 °681 92 "€691- S1°tl €9°06 0Z°061 9Z°telLl-
18°81 v9°221 L6°681 92 °S691- 26°21 sg°88 81°061 92 °SeLl-
¥S °81 60°121 86 °681 92 *L691- 09°21 9¢°98 e1°061 92°Lell-
61°81 €8°611 66 °681 92 °6691- 9¢ ‘21 80°¥8 02°061 9Z°6¢gLl-
L6°L1 8z 811 L6°681 9Z *10L1- ¥0°21 L6°18 LZ°061 9Z°1¥L1-
99°L1 $8°911 86 °681 92 °t0LT- 0L°TT 06°6L 82°061 T1e°evLL-
ve "Ll 81°s11 01°061 92 °s0L1- ov°11 18°LL €2°061 1€ °S¥LL-
s0°L1 ZLell S0°061 92 °LOLY- 22°11 S6°%L vZ2°061 TELVLL-
6L°91 vitzin ¥0 "061 92 “60L1- L0l vZoeL 62°061 1€°6VL1-
2S5 °91 SP°011 ¥0°061 9Z ‘11L1- £€G 01 1S°0L LZ2°061 1€ 1621~
81°91 28°Gui 90 °061 9z °elLt- ¥Zz°0o1 027°89 82°061 1€ "€QLT-
18°S1 LE*L01 61°061 9z°stLl- 8L°¢l 98°99 9L°881 1€ °6SL1-
§S°G1 29°501 80°061 9z °LiLL- ¥e°01 00°29 98 681 (SR ATA
6z°sl1 ¥9°co1 60°061 9Z°61L1- 8% °6 21°09 z22°061 1€°645L1-
68°¥%1 22201 e1°061 92 °12L1- 0Z°21 9%°9s 21°061 1e€°19L1-
99 °¥1 92 °001 11°061 9z °t2Ll- €0°91 SO°e¥ 60°881 1€°99L1-
S¥°¥l 81°86 60°061 9z *s2L1- 6L°¥1 02°L¢t €1°881 2E°ELLY-
€0°¥%1 0S °96 €1°061 9z *LZLl- 68°¥1 05 °9¢ 80°161 2e°6LLL-
8L°¢E1 LE "¥6 vi°061 92°62L1- 80°21 2zZZ°e¢e €0°261 2t "18L1-
ary wy I, 823x89p spuodas wry wy I, s2218ap spucoOas
s3uey &ﬁ:.mﬂw_n awt], afuey drys « dnva aw],
1eIUOZIXIO oOpMNVv YINWIrz y udﬂdﬁﬁﬁoufom spmulvy Y3nuizy iepey.

JNNd HSIA ¥VIS ‘INIWIUNSVIN ANNOUDINOVE ‘€ LAMNOOH ‘VIVA XHOLOIACVHL HVAVH I't TIdVL

118



0=H [enide 0} PIIIIJOY

8¢ °1¢ 16 °S¥%1 ¥9°681 92 *1191- 61°62 1¥°evl 08°681 9Z°1591-
80 °1¢ ¥i°9¥1 29°681 9Z "€ 191- 00°S2 o0O¥%°Z¥vI 86°681 92 °€S91-
28°0¢ ¥2 *9¥%1 09 681 92 °S191- 19°v2 2% °2v1 9L.°681 9Z °5S91-
1S °0¢ o¥ “9%1 ¥9 *681 92 °L191- Ly°¥2 62°1%1 LL®681 9Z°LS91-
97 *0¢ £V 9¥1 ¥9°681 92 °6191- 91°%2 ¥%9°0%1 08°681 92 °6991-
¥6 °62 9% *9¥% 1 59°681 9Z °1291- L6°€2 €8°6€1 18°681 92 °1991-
6%°62 €8 °9%1 69°681 92 °€291- GG °tgZ 0g *6¢1 6L°681 92 °€991-
S€ *62 9% *9% 1 L9°681 92 °5291- . 9¢ €2 6Z7°8¢1 08°681 92 °6991-
01°62 LZ °9¥%1 19°681 9Z *L291- 00°cZ 19°L¢1 ¥8°681 92°L991-
19 °82 ¥9°9¥%1 1L°681 92 °6291- 96 °22 O1°L£1 53°681 92 *6991-
LE °82 o¥ "9%1 69°681 92 "1€91- ov°zz ¥6°Sel G8°681 92 °1291-
¥6 °LZ 61°9¥%1 18°681 92 "€€91- 60°22 00°sel 98681 9Z°¢L91-
8L°L2 16 °S¥1 €L°681 92 *G€91- LL°TZ 91°%el 06°681 92 °GL91-
€G°L? LL °SHI 89 °681 92 "LE91- L¥°1z 8Bl tel 88°681 9Z2°LL91-
vy L? ¥0 °S¥1 LL°681 9¢ *6£91- 91°1z Li‘zel 98°681 9Z °6L91-
06 °92 86 °¥¥1 9L °681 92 *1¥91- 56°02 #w6°0¢l 06°681 92 *1891-
65°9Z  Z8°v¥l 1L°681 92 *e¥91- 19°02 08°621 $6°681 92 °¢891-
00°9?2 €1°S¥HI SL°681 9Z *S¥91- 60°0Z 1g£°621 56°681 92 °S891-
10°92 16°ev1 SL°681 9Z *L¥91- 2661 LL°L21 €6°681 92 °L891-
€6 °62 Z28°t¥1 28°681 9Z *6¥91- 28°61 S1°9Z1 €6°681 9Z°6891-
-ury wy J s33ax3op S8puodas wry wy I s22a8ap S pu0das
a8uey nEmEnﬂeundR- awly 98uey nuﬁﬁh%u,ﬂ a aur
1ejuoZlIOH IpMNUY ﬁ:::uu< iepey |eJUOZLIOH IpmMNY .::E_wﬁ iepey
ok

(Py3uod) 1°¢ FTAVL

*

119



0=H 1enjoe 03 paxiajayx

Lyev 90°L01 0g °681 12°1€S1- Sy°LE ¥8°¢cel 6¥°681 9Z°1LS1-
91°t¥ 8L°801 ot “681¢ 12°test- 22°Le  OL°peld 9% °681 9Z "€LS1-
SO°tV 28°601 0¢ “681 12°9¢S1- 6L°9¢ 26°%9¢1 LY 681 92 °SLS1-
v9°Z¥y L1l ¥t 681 1Z°Leat- LS°9¢ $9°9¢1 8¥°681 9Z°LLS1-
02 “Z¥ 6L°¢t11 S¢ 681 92 *6£S1- €2°9¢ 2s°Lel 16°681 92 °6LS1-
S0 °2¥ 16 %11 7€ °681 92 "1%S1- ¥8°se  LS°8El 6%°681 92°18s1-
6s°1¥ 18°911 8¢ 681 9Z °e¥bSl- 09°se 61°6¢t1 26°681 92 °€8S1-
[ 190 § 4 110 9¢ 681 92 *sbSl- SP°se  99°6¢1 0S*681 92 °48S1-
1A § 4 9% °611 9¢ 681 92 °L¥S1- 80°SE €V OF1 16°681 92°L891-
oL°0¥% s0°121 o¥°681 92 °6¥S1- SL°¥E LO°1¥1 S 681 92°68S1-
1% A4 Le *z21 ov°681 92 *1sS1- 9¢ °¥¢  £6°1¥1 55°681 9Z°1661-
¥1°0¥ €9°¢cz1 1¥°681 92 °gSsS1- S0°¥E  99°2¥1 £5°681 92 °t651-
8L °6¢ 91°s21 6¢ *681 92 °6SS1- €L°EE 9T ewl €G°681 92 *S651-
0S °6¢ 9¢ *921 6¢ °681 92 °LSS1- 6t °te  SLt¥l LS°681 92 °L6S1-
£e °6¢ 9z Lzl ov° 681 92 °6S591- 1€°¢Ee  2L°ewl ¥S 681 92 °666G1-
20°6¢ ¥¥°821 o¥ °681 92 °*1951- 68°2¢ 92 PPl 95 *681 92°1091-
59 ‘8t €L°621 ¥y 681 92 *¢9s1- 26°2¢ ¥6°¥F1 95681 92°t091-
€V 8e LS "0t ¥ 681 92 °69S1- ov° 2t ¥6°¥¥1 96 °681 92 °5091-
S0 °8¢ L8°1el S¥°681 92 °L9S1- L0°2¢ 92°S¥1 09°681 92 °L091-
vLoLE  26°2¢l SP°681 92 °69S1- L°1e  99°svl 19°681 92°6091-

wy wry I, 832a3ap Spuo>\ wry wy I s932a8ap SpU0d3s
a8uey nﬁﬁ% a s, afuey &.—w&% a awry,

[2PIU0ZIIO IpMUVY ﬁnE_m_ﬂ udvm&# 1eju02Z1I0H IpmINy 5=E.~«N< reped

(ps3u0d) 1°¢ FTdV.L

120



0=H 17110® 0} pPa113JaYx

€8 °bS S0 °81 P6°881 ST IGHI- 8S°6F S6°¥9 01681 12°16%1-
29°%S €L°61 66°881 ST°ESHI- G2°6F ¢¥°19 €1°681 12°¢6¥1-
86 °bS LE "02 L6°881 ST°SS¥HI- 16°8% €1°0L I1°681 12°S6b1-
£V °¥S 6€ °22 66°881 G1°LSPI- 1L°8%v #0°2L v1°681 12°L6¥1-
11°%S 18°%2 L6°881 S1°6S¥HI- 2€ 8% 16 °¥L 027 °681 12°66¥%1-
06 °€S $9°92 L6°881 SI°19¥%1- v0°8% S8°9L 81°681 1Z°10S1- .
ov €S 12°0¢ 60°681 SI°€9¥i- VL LY SO°6L 81°681 12°€0S1- oy
vZ°eS S1°2¢ 90°681 SI°99¥1 - 6Z2°L¥ 16°18 ¥2 681 12°S0S1- .
11°€S L0 ¥E 86°881 0Z°L9¥%1- V1LY €65°¢8 2Z°681 12°L0S1- s
58 °2S 96 *9¢ 10°681 0Z°69¥%1- 08°9% SL°S8 22°681 126061~ 3
LY °2S LS “6¢ $0°681 0Z°1Ll¥1- SY9% 9L°L8 bE 681 121161~ vt w
92 °2S rd R & 4 20°681 02°¢€L¥bl- 0Z°9% 80°06 0Z 681 12°¢161- = !
€6°19 €9°v¥ S0°681 1Z°GL¥I- ¥0°9% 09°16 02 °681 12°S161- u;
S9°1S 0Z°L¥ S0°681 1Z°LL¥1- 89°SH 18°¢6 ¥Z 681 12°L1G61- N
LE °1S 69°6¥ 80°681 1Z°6L¥1- SE °Sh  88°G6 ¥Z 681 12°6161- w
¥0°1S S¥°2S 60°681 1Z°18%1- €0°SHP 28°L6 SZ°681 1271251~ L
8L °0S 00°SS 90 "681 1Z°€8¥1- 6L %% ¥V 66 82 681 12°€2S1- v,
LY °0S 16°LS 60°681 12°S8F1- 1S°¥% L27°101 52681 12°62S1- i
01 °0S ¥€ "09 21°681 1Z°L8¥%1- 00°%¥F 10°€01 $S°681 12°L2st1- E
98 “6% LS°29 01°681 12°68¥%1- PSEVY 19°%01 96 °681 12°62S1- 2
Eu-. wy J s22189p Spuod3Is wy wy [ s92x3ap SpuUodas ,.
?8uey Q_.BE...W%Q awt ], 33uey Q_:mEQ%MAwQ awng, w
1elUCZlaIoH SpNMI|Vy -::F:waw depeldx ]RIUOZIICH apmIy susﬁ_un< Iepey x x

(Ps3uod) 1°¢ FATAVL “

A AR R CAN



122

N

3“-“"‘\"‘1‘-

-
~

R RN A S AL ST

20°61 8S “0¢1 €6°€81 0t "0¢1 €S °6 26°08 £6°681 0¢ "0L
LG 81 S8 °821 ¥6 ‘€81 0¢ “LZ1 s0°6 09°LL S0°981 0¢ °L9
20°81 60°L21 $0 “¥81 0t ‘%21 99 °8 90 °¥L 80 °981 0¢ "v9
€9°L1 €2°621 90 "¥81 0€ ‘121 21°8 09°0L 0¢ ‘981 0¢ "19
1I1°Lt 0og "t21 LS *¥81 of °811 vLL 06 °99 €€ “9281 0¢ °8S
19°91 o€ “121 82 ‘¥81 0g °s11 $e °L 61°¢9 9% °981 0t °9S
21°91 22°611 6¢ “¥81 0g °211 8L°9 LE °6S 69°981 0¢ °29
89°61 SO°LIT 06 ‘¥81 0¢ 601 8% °9 ¥S °SS 2L°981 0¢ *6¥%
61°G1 8L°¥11 26 "¥81 0€ "901 80°9 ¥Ss 19 98 °981 o¢ ‘9%
99 *¥1 vy tZit L °¥81 0€ “¢01 59 °S ré A 2 66°981 0¢ ‘¥
P2 °¥1 ¥6 601 ¥L P81 0t ‘001 62°S LE °t¥ e1°L8l 0¢€ ‘0¥
8L°¢t1l ¥ L01 S8 *v81 0g °L6 68 ‘% 90 *6¢ 9¢ *L81 o€ °Le
92 °¢1 L8 %01 L6 °¥81 0€ “¥6 85 ¥ SL vE 0s°L81 09 *¥¢
821 60°201 80°981 0¢ "16 Lyv°y 1€ °0¢ s LB 0g °1¢
82 °21 ¥ °66 02 °s81 0t ‘88 r4d S 24 €L°G2 8L°L81 0¢ °82
L8 11 S5 °96 2€ "681 0¢ °s8 00°% S0°12 26°L81 0¢€ °S2
¥ 11 €6 °¢6 ¥ °G81 0¢ “Z8 L8 "¢ €0°91 L0°881 0¢ °22
98 "01 09 "06 96 °S81 0t "6L PLE 99 21 0Z°881 0€ "61
6¢€ "01 Sy L8 89 °S81 0t "9L 09°¢ gL°11 2¢ "881 0g “91
00°01 12°%8 1L°S81 0g ‘gL 91 °¢ ¥L6 $S 881 1] |
ury un| J s23x3ap 8puo»Is wy wy [ s23a13ap Spuonas
a8uey auIl y, a8uey auw ],
1ejUOZ1IOH °pNINVY ynuzy lepey [eIUOZIIOH I pMNV YInuizy 1epey

JNIYd FTdIHL TTID 3INId
‘INTINIUNSVIN ANNOUDNIVE ‘¥ LIANOOH ‘VIVA AHOLOACVHL UVAVYH 2'€ ATAVL



10 °6¢ ¥8°921 L8°081 0¢ °€S2 ¥0°22 20°0F1 26181 GE °€61

v1°8¢ €6 °821 €081 0¢ °06?2 0¥ °2Z 86°Z¥1 ¥9°181 0€°061
S¥°9¢ ¥ *2¢1 08 °081 0€ °L¥2 ¥6°92 L9°t¥l 59°181 0€ °L81
86°t¥ 26°tel SZ°9L1 0t “¥¥2 81°L2 12°%¥1 69 °¥81 o€ *181
80 “0O¥% 68 °821 L8°181 og *1v2 L8°92 16°S¥1 6% 281 o€ ‘8L 1
2e°1e 2¢ “1¥1 v9 - z8l 0€ *8€2 9¢ °92 6¥%°S¥1 L9°z81 0t *sLt
v8 °z¢ 98 “0%1 8% 181 0¢ °s€2 8L°62 1g£°S¥l 09°281 o€ *2L1
89 *2¢ 8L 0¥l 6% °181 0¢ *2¢e? GE °S7 P9V 8L°Z81 0€ °691 .
LS°te 88 *6€1 L1181 0t 622 SL°¥2 02°%¥b1. 88°281 0€ 991 L
16 °2¢ 06 °O¥%1 8¢ “281 0€ 922 LE V2 v °evl 68°281 0t *€91
¥0 0t 6L°Z¥%1 o1 °281 Gt °€2? G8°€Z 0L°Z¥1 66°281 0€ *091 - -
L2t SS °t¥wl ve *z81 0¢ °02?2 ov°ez 28°1v1 60°¢81 0g °LS1 <) G
22°1e ¥6 °t¥1 91°281 0¢ °L12 28°22 86°0%1 61°¢81 0¢ °¥s 1 .-...
¥0°t€ 22°2¥%1 62 °281 0¢ *¥12 0¥°22 ¢€6°6¢1 0Z°¢81 og¢ *1s1
9¢ °1¢ SPevl 08 “¢61 og *112 €E6°1Z 98°8¢l 0¢ °€81 og *8%1
9¢ “0¢ €0°s¥1 ¥L°Z81 0¢ °802 LE1Z oL Lel ov° e81 0¢g *av1 \_
vz °82 90 “L¥1 L8°281 0¢ °Ss02 L6°0Z 8t°9¢tl 0s°e81 0€ *Z¥1
9S *0¢ 00 °s¥1 0s 281 0€ 202 1¢°02 ¥O0°stl 26°¢e81 0¢ ‘et l
96 °S2 16 °S¥1 8% °L81 0¢ *661 ¥6°61 $9°cel TL°¢e8l o€ “9¢t
08°92 ¥9 °s¥i 19°181 0€ °961 LS°61 oO1°2¢el €L°€81 o€ °tel
wry un{ J s93a3ap sSpuod>3s uny wy I s992a8ap sSpuod9s ¥
a8uey aum g, 28uey awn g,
{ejuoziio oOpMNIVv pPnunzy Iepey |ejJUOZlIOH I pMNyY ynwuizy Iepey

(psauod) z°s FIAVL

.~



0L *9S 89°8 96 ‘8L1 0t ‘tl¢ 00°6% €9 °tl 29°6L1 o€ ‘c1¢e
86 °9S 90 °6 €9°8L1 0€ “0L¢ 0s°8F Gl°LL 29°6L1 0€ "01¢
05 °99 €0 11 €9°8L1 0€ "L9¢ 10°8% S¥v°08 69°6L1 0g *L0€
9¢ °9S ¥S 21 oL 8Ll 0t *¥9¢ 9% °L¥y G8°¢t8 LL 6LY 0¢ *$0¢
22 °9S LI°¥I oL 8Ll GE °19¢ 90°LY ¥6°98 ¥8°6L1 0t *10¢
96 °SS St *91 LL°8L1 0¢ ‘85S¢ 2S°9% LO°06 26°6L1 0¢ °862
$9°GS 2€ "61 LL8LY 0¢ °sS¢ 86°s¥ 07°t6 00 °081 0€ "S62
1€ °9S LL 22 LL8LY 0¢ °2S¢ PS°SH  V1°96 ' 00°081 0¢ °2672
16 °¥S 6% °92 ¥8 ‘8L1 0g€ *6v¢ 90 'Sy G6°86 00°081 0¢ 687
¥¥ '¥S 66 °0¢ 16°8L1 0t *9%¢ SS vy LL'101 L0081 0¢ *982
¥6 °tS SL°¥ye 86 °8L1 0€ "e¥¢E v0°¥¥ 9% °¥O1 S1°081 0€ "€82
8% °€S 06 °8¢ S0 °6L1 0¢ *0%¢e 25°EVy 01°L01 €2°081 0€ ‘082
$6 °2S s0°td 21°6L1 0€ °LEg L6°2¥% 0L°601 0€ 081 0€ *LLZ
16°2S 1Ly 1T°6L1 o€ ‘vee S 2% oOr1°211 1€ °081 0¢ "$L2
G6°19 61°1S 92 *6L1 o€ "1¢e¢e 60°2¥ OF° %11 8¢ ‘081 0t 122
8¥° 19 S0 °sS €€ 6L1 0t °82¢ 8F°"1¥ 18°911 9% °081 0¢ °897
S6 °0S 80 °6S €€ °6L1 0¢ *62¢ 60°1t¥ 68°8I1 $G °081 0€ *592
86 *0S €9°29 o¥ "6L1 0g °22¢ 6v°0% 80°121 29°081 0€ °292
96 "6¥% 6¥%°99 Ly °6L1 0¢ “61¢ 60°0% ¥0°€21 £9°081 0¢ °6S2
6% 6% 90°0L GG °6L1 0t ‘91¢ ¥a"6e €0°921 6L°081 0¢g *952
ury wy I s92x8ap S8pu0D3S ury wy J s22a3ap Spuod3s
a8uey aumnj, 98uey aw],
1ejuoziIoH 3pMIBY  Ynwizy Iepeyd [eJUOZIIOH IpMNUY  YInwizy 1epey

(pj3uod) 2z°¢ FTAVL

124



2110°991 18807 LO6V61 €V L289°891 10301 £€2101 €2
8510 °G91 09£0? SES061 rd 2 11£€0°691 LL86 SL196 22
0991 °S91 1¥861 1€1981 182 968¢ *691 S¥HE6 9.016 ¥4
L112°S91 SEE61 969181 ov 202L°691 £088 2£6S8 (14
£18¢€ °S91 86181 ogzLLY 6¢ g1ze ‘oLt 1928 9¢.08 61
6L16 °S91 £€9281 gzLzZLl 8¢ 9486 0L 1 L2LL 18%6L 81
o¥0L °S91 SYLLY 961891 LE 0969°1L1 861L 0910L L1
2L¥8 °S91 8veL 629¢91 9¢ 8¥SE *2L1 6599 6SL¥9 91
6£08 °991 S1291 1€£06S1 S¢ IvEZ "€L1 2609 56265 S1
€850 °991 88191 20%¥61 ve STSl vl L0SS 9¥SES v
96€£7 °991 59951 8EL6¥1 €€ 2LEV°SLI 010S 6L08% o |
pSlig *991 L¥1s1 0%0S¥H1 r4 8lLE "LLY 82SY G2LEY rd !
SES¥ °991 219%1 oteov1 1€ G866 °8L1 LEZY SS80V 11
0¥59 “991 SLOV1 8¥SSE T (119 ¥021°6L1 S82v v$98¢ o1
¥616°991 8¥SEl $SL0€ 1 62 €8LL 181, E =L 6
¥L61°L91 1¥0€ 1 £€26521 82 ILE6 681, -- =L 8
068¢ °L91 12521 850121 L2 LIEP 681 “s =L L
16£S°L91 26611 LSI911 92 SOV *881 =i -- 9
L¥28 °L91 LS¥11 gt21ttl S?2 ¥882 161 -- = S
6L61°891 ¥2601 S¥2901 ve ¥8L9°161, -- -- v

saoax3ap 3129) 333 SpuUOIIS s29a8ap 31993 193] spuodos

28uey awy a8uey aw],

Yjnwizy  [ejuoziaoy Ipmyuly aepey Yinwizy  [ejuozlioy Ipmuly 1epey

INIYd JTdIML TTID INTL ‘9 LAMNDOO0Y ‘'VIVA AHOLDIALVYL UVaAvy €¢ ATdVL

125



9%16 °€91. €891¥% 066€ V€ €8 G051 °¥91 Tiele 6L95L¢ €9
2PLL €91 8611¥% SS80VE 28 112L0°%¥91 ¥0L0¢€ 9661L72 29
¥heL €91 visov 61LL¢£¢€ 18 SE10°¥91 2610¢€ 661892 19
018L "€91 2866¢ 8LSVEE 08 1080 °¥91 €0L62 S6EV92 09
2998 “€91 vLS6€ 19¢1€€ 6L 8EL1 V91 Y1262 L¥S092 65
29€6 €91 ¥E16¢€ 61182¢ 8L 6SSZ °¥91 L8982 629962 8S
0L16°€91 2858¢ vesves LL 96L1°¥91 22182 861252 LS
8520 *¥91 126L€ SESl2E 9L LLYPTI V91 ¥19L2 L988%2 95
€£%90 ‘v91 ozZvLE 68131¢ SL 08€2 “¥91 yotL? S68vYv2 SS
8€10 %91 8569¢ 908¥%1¢ 172 ¥99¢ “¥91 08592 v680v2 ¥S
6€£SL €91 L059¢ 12128 {3 €L 88S¥°¥91 85092. 0.89¢2 €S
282L °£91 ye6Se 286L0¢€ 2L L89% *¥91 S€662 vi182¢2 2S
1LEL°€91 09¢S¢ 916%0¢ 1L LLIYV "¥91 £€2062 62l822 15
0018 °€91 218%¢ €0010¢ oL 9685 °*¥91 125¥v2 809%2? 04
6£06°€91 80€¥E LLVL62 69 L0S9 °¥91 200¥2 85v022 6v
L616°€91 128¢€¢ 926£62 89 ¥0£9 °¥91 €E8VE2 6L2912 332
LG86°€91 SIEES 82€062 L9 8E¥9 *$91 €5622 2L0212 Ly
6500 *¥91 8082¢ 669982 99 €¥9L °¥91 €s¥2e L28L072 9%
€601 °¥91 8822¢ 9%0¢82 s9 2198 *¥91 0s612 8¥5€0?2 S¥
L691 °¥91 €vLie 6LEGLR ¥9 9G5¢6 *¥91 143 A ¥4 2¥2661 144
saaadap 3199j 193] spuodas sa2a8ap 3129] 399] €Pp uod3s
28uey auxt], : 98uey . aunj,
yhunzy {ejuoziaoy apnINvy aepey yInuwuizy fejuoziaoly opmuly lepey

(‘pauod) ¢°¢ FITAVL

126




S0L9 "e91 9%6S59 oLILSY et t0LZ °¥I1 £685S 19881 % 11
S8¥9 €91 88999 oLeSSd oel LLBE "¥91 88159 26991¥ o1t
2¢9L °€91 S08¥%9 clLESY 621 ELIE "¥I1 L6SPS rai% 484 601
1996 "¢€91 2vev9 v202s¥y 821 €922 "¥91 1eivys 10021% 801
16¥%1 *¥91 9L6¢£9 6%20S¥% L21 28¢0 "¥91 65L¢€9S 6v¥60¥ LOT
ovLE *$91 6L2¢9 t198%P 921 22¥8 €91 6LEES S00L0¥% 901
8€ELS *¥91 8€129 LOB9VY 921 L9L9 €91 L2829 €9LVOV [01
2¢6L “¥91 21919 €00S¥Y jZ4 ! Lv0S °£91 81229 L1vy20¥ vol
9100 °991 ¥L919 690¢v¥ €21 L8V °t91 60915 2¥666¢€ £01
226 "991 56219 r{R 8844 221 86L9 ‘€91 6021S 81vL6E 201
10€9 “v91 ¥¥909 S0c6E T 121 9¢SL °e91 L989% 01sgLe £6
99¢2 ‘%91 €£909 oveLed 0z1 G92L °e91 6S£9% vZ90LE 26
£9¢8 €91 0ev09 L1ESEY 611 S992L °e91 PLISY $9LLI9E 16
2086 °€91 25966 U1 433% 4 81l p2iL g9t 1625¥ 026¥9¢ 06
SELE “£91 29L.89 gezeley L1l 1¥£9°¢91 1 %134 4 ¥0029¢ 68
8661 °€91 86085 21€62% 911 LEZ2L €91 182%¥ 05065¢ 88
6,91 °¢91 8¥SLS otzZLZy qlt 6L€6°€91 SESEd 2¢e 196¢ L8
120¢ "€91 811LS 65052¥% f AN PETTL "PO1L 9t 0t ¥ £81¢€S¢ 98
€¥8S ‘€91 6¥899 €20€eZVv el SOST *$91 6652¥% 8P10G¢E S8
18,6 °¢€91 ¥L¥9S 85012¥% r4 4! S190 °¥91 2912V 160L¥%¢ ¥8
sa2x32p 3933 399] Spuod3as s22x3ap 3293 193] spuodag
93uey auut J, aduey awt ],
Yinuwizy [RIUOZIIOH 3Ipmny aepey YInwizy  [ejuoziioy oapniny 1epey

(‘pauod) €°¢ ATAVL

127

LANC IR i

-
.



€852 *¥91 6998 61626¥% LT €180°%91 1€66L 280989 161
81¥2 "¥91 96298 S8VL6Y oLl 1690 °¥91 612sL Iv628% ost
PeELZ *pI91 v6L58 YvroL6Y 691 SLIT¥91 €1vsL 99L18% 6v1
1282 "¥91 €21s8 50996% 891  02¢0°¥91 S166L L1908V 8v1
LOT¥ "¥91 9¢ev8  68196% 91  L986°¢91 6525L  09v6LY Lyl
¥¥99 *¥91 r{34%: e1LS6¥ 991 0626°¢91 9LEVL £9e8LY 971
vei8 "¥91 1¥928 v9156% S91 Ipe0°v91 08¢l LeLLy Svi
ve8s “vI1 oZLIs 82916V ¥91 €061 °¥91 2812L 1€19LY 144!
6016 °"¥91 86108 S90¥61 €91 1£0% "$91 LS91L 9L8YVLY 134
6066 "¥91 L9861 12veE6Y 291  €S19°v91 €111L 619¢€LY (44!
0801 "S91 1¥96L vvL26V 191 1008 °¥91 00t0L 98t ZLY 184
0601 °S91 0£66L 00126% 091 2698 °¥91 66569 2LOo1LY ovl1
8¥¥0 °S91 6,008 LYEL6Y 6S1  29%0°991 16£69 ¥€969% 6¢1
2298 "¥91 1596L 2Lv06Y 851  S9L6°¥91 ¥5269 86189% 8¢ 1
259 "9l 11162 8668V LSt 1062 “¥91 €2069 6vL99v Lel
10%S "$91 17 %3: 7 08s88% 9s1 10£9 °*v91 $5989 S8259% 9¢ 1
L10S *¥91 L108L veLLsy SS1  £59%°¥91 8L089 S9Le9Y sel
22LE P91 €¥SLL 9t 898¥ ¥Sl  26L2°¥91 1229 Lye29v vel
$S92 *¥91 600LL 69858% €ST  8L¥0°'¥91 19€£99 61609¥ tel
6991 "¥91 9¢29L 186v8¥ 2S1  262L°€91 L2659 vL16GY 2l
sa2x8ap 319293 323] SpuUODIIS saax8ap 199 129) spuodIS
98uwey awry ?8uey aunj,

YInwizy [eUOZIIOH IpMmYY xepey YInwizy  [ejuozlIOH Ipmuy aepey

(‘pauod) € °¢ ATV

128

i

LI TV -
. -'\'-;'r--":-

’
a1

-
.

AR T



*a1qe} ay) noy3noay; awy Iepex IY) 0} SPUOIIS G °g ppe’aswn ydiy (enoe ay; uleIqo o

Q

‘927 SAW w01y ered

2080 °991 1$5¢6 61,5008 981

SLIZ"S91 895101  8PS96¥ 002 6£20°S91 86526 269005 S81
€9L1°S91 _8L001 660L6¥ 661 8816°H91 L2L16 018005 1221
L002Z *S91 L2666 929L6¥% 861 €998 °v91 SEE16 ¥28009S €81
€002 °S91 10886 GLIB6Y L61  ¥SE8°¥IT $2606 L€L00S 281
0S20°S91 986L6 ¥9686% 961 6588 "¥91 0vc06 ££9009 81
9%¥26 "¥91 yOLLG ¥6886% S61  61S8°¥91 L0868 $$500S 081
1506 °#91 6¥9L6 £5266% v61 5169 °¥91 68¢68 00¥00¢s 6L1
SSL6°¥91 PPVLG 8LV66Y €61 809 °¥91 50068 ZL100S 8Ll
L910°591 911L6 ¥8566% 261  Z€£SS°Pp9l 28888 16866¥% LLl
8650 °S91 8€£596 90866% 161  6£9S P91 9ZL88 88966¥F 9LI
0820 °S91 10856 €0100S 061 109¥%°¥91 19v88 LZV66¥ SLI
69¥%0 °S91 0Z1s6 S0€£00S 681 16L% °¥91 12188 62066¥F (ZA1
£0¥0 °S91 265¥6  £6£00S 881 €0L2°¥91 60LL8  £v986% £L1
6180 °S91 291¥%6 L9¥00S L81 9522 °%91 p8ILS Z1€86% zZL1
s33a89p 31293 193] Spuodas saaxdap 323} 3199] Spuodag

98uey auwuty, a8uey auuty,

yinuizy  [2IU0ZIIOH Ipmnly 1epey Ynwiizy  [eIUOZIIOH IpMItIly 1epey

(‘pyuod) € "¢ ATAVL

129

LU KN

IR
%

0

Vet e Mg,

~ .
~ Yt e

PR

N



€289 °9S1 $66¢ 1 08SV6 19 €L89°9G1 60621 9¥vv6 19
2656 °951 69821 68568 09 2655 °951 £6121 05¢68 09
0052 251 tziel 1258 65 00sz°LsS1 Lvil voevs 6s
09¢G LS 00€11 8626L 86 09¢6°L61 ¥SsL01 €006L 85
8e6L°LS1 92501 voeve LS 8E6LLSIT 0€£001 8eLEL LS
9€91 "8S 1 L186 89989 95  9£91°861 L056  20¥89 95
8166 °8G1 1506 0£2¢9 6S  8¥66°8S1 9158 08629 SS
01S1°651 1628 609LS ¥S  01S1I°6S1 818L 1LELS va
L9EL°6S1 9LYL 9£02s €6 L9£L°6S1 6viL 8002¢S €S
826¢ "091 t+v89 soeLy 2S5  826£°091 Lv9 0S9Ly (4"
868¢ “191 €199 0S0vv 16 868t 191 28SS ozLezy 1S
2062 7291 9¢ 19 8002¥ 0s = i = 0s
L25v°S91 S¥6S SLYOY 6v == i =" 6v
L096°1L1 LSLS 0268¢ 8¥ = - - 8y
Ss¥28 2Ll 9¢ 69 192L¢ Ly =T = e Ly
1202 °vL1 8ees 1¥56¢ 9% == == == 9%
9900°1L1 ¥914 8vLlee - 4 - = = SY
S88Y°EL1 296¥ vi8Ilt 144 -~ - = 144
0626°SL1 0Ly 05662 134 == == - 1% 4
€196 °LLl 86%V vigLe (4.4 == =y == v
saaadop 31233 3199) SpuodaSs saaxdop 329) 3199 SpuUOIIS

38uey auualy, 38uey auuy Y,
ynunzy  |ejuoziioy apmuyly depey ynwizy  [ejuoziioy Ipmyly aepey

(92 Sd) 11 w=shg
LNAWIANSVAWN ANNOUODINOVE ‘L LAMNOO0Y ‘VIVd AMOLDACLVHL ¥vavy V'€ JATdVL

(91SdJ)1 waisidg

130



8196 “¥S1 r4Z4:k4 598881 18 8196 °¥51 6£0L2 €9L881 18
6588 “¥S1 8LELZ 88¥¥81 08 6588 "¥S1 t¥e92 8SE¥81 08
14328 47 | 6£992 150081 6L S8 PGl 9%9572 SZ266L1 6L
9¥10°SsS1 90652 2S6SL1 8L 9¥10°9S1 226¥2 19¥6L1 8L
L2590 °SS1 11ese - 9201L1 LL L250°SS1 veeve S960L1 LL
9901 °SS1 (44 i £ 98¥%991 9L 9901 °6S1 1 243 %4 ¥YEP991 9L
LSPT °sS1 9v8¢£?2 0€6191 SL LEVIGST S50822 2L8191 SL
0861 °SS1 SL622 LIELST ¥L 0861 °SS 1 56022 08zLS1 VL
$962 °sS1 yeeez 112281 €L 6962 °SS1 vivie 299251 €L
12¥¥ °S9S1 20912 visdl rd A 1Zvb°sal 01,02 066L¥%1 2L
198¢ °6S1 L¥60?2 LISEY1L L 198¢ °S6G1 90002 S62¢v 1 12
166¥°651 01202 89.8¢1 oL 166¥°6S 1 68261 0LS8¢E1 oL
S€86 °6G1 29%6t S66¢€1 69 S¢86 °S61 08G81 118¢¢1 69
L£8L °5S1 ¥y981 ¥02621 89 LEBL "GS1 LL8BLY L10621 89
20L8 °6S1 L88L1 S9¢v2 1 L9 20L8°4651 691L1 681v21 L9
6¥06 °SS1 gzzLl ELP611 99 6¥06°SS1 Ss991 92¢611 99
¥9¢0°9S1 06591 o¥sbil S9 ¥9¢€0°951 6eLST 92v¥il s9
¥SL1 961 69LS1 £€09601 ¥9 ¥sL1 961 9¢061 881601 ¥9
S¥LE "961 Sg6v 1 L429%01 €9 SPLE "9G1 ovevl 01sv01 €9
916¥%°9¢1 3444 ¥8566 29 916¥%°951 1£9¢1 66166 29

sa9adap 31993 399) SpuOdIS soax8ap 1993 193) spuodas

a8uey sum}, a8uey awn ],

Ynuwizy [RJUOZIIOH IpMuUy xepey ynwizy  [vjuoziaoj Lpninly Jepny

(92 SdN) 11 wayshg

(91 sdd) I wayshg

(‘Pav0)) §°¢ m1avl

131



99LS "¥S 1 ¥6¥Z¥  $68692 101 9925 °¥S1 8901F  L8S00LZ 101
LIL9 *bSl 9¢esSy 0L0992 001 LILY PbSI 29¢0d 80£992 001
9e¥S “bS 1 0660y  £5£292 66 9E¥S "bS 1 1296¢ 826292 66
06SS "¥S 1 8810V 208G2 86 06SS *bS 1 0v68¢ S0L852 86
2SLS ¥S1 6£96¢ 06L¥S2 L6 25LG °vS1 89278¢ rd%:14%4 L6
2166 °¥S 1 2088¢ 916052 96 218G °pS 1 11SL¢E 2660572 96
peeL “psl G228t L969¥%2 S6 pZeL "pal 6SL9¢ £vOLP2 56
Z2€€9 °pS 1 €2G6LE 690¢ b2 ¥6 2€£9°pS1 $809¢ S80€b2 b6
L529 "bS1 £159¢ 1968€2 €6 LSZ9°¥pS1 réd 411 $806€7 €6
S€S9 "bS1 996S¢ 998b¢2 26 cGb9°bSt EbLVE 2505¢€72 26
blZL " bS1 980G¢€ 9880€2 16 PIZLPST 0Z0veE 9001€? 16
¥6€9 "$S1 pLLYE 5€£6922 06 $6€9 "$S 1 962¢¢€ 6269272 06
1629 "$S1 8ZZV¢€ 2vLee? 68 1629°¥S1 2652¢ . 618222 68
€109 °"bS 1 rd 5431 929812 88 €109°pS 1 LO61E L9812 88
€V69 "SI 5852¢ oLYPI2 L8 €b69 b1 voz1¢ %:14 4 ¥4 L8
LS8 "¥S 1 66S1¢€ 990012 98 LS8 "PbS1 ¥ bSO€ 9L2013 98
2€8L "bS1 1920¢ 861502 S8 2¢8L°¥S1 L9862 8£0902 S8
95+9 "bS 1 2020¢ 0€L102 12:] 95¥9 ¥S 1 €EV162 99L102 ¥8
6959 "pS1 86962 L6SL61 £8 6959 “¥S1 12¥82 PorL6 1 €8
28€3°¥S1 £0062 912¢61 28 28€8°¥S 1 22LL? 2e1e61 28

so2a30p 1093 3939 Spuod3s sa2132p 39293j] 390 Spuodas

28uwy saua ], 28uwny Dt I,

Yyinuzy  ejuozlaoly  opningy Jepwy yinwizy [2PIUO0Z1I0 oOpM)VY Iepey

(92 ScIN) 11 waishg

(91 Sdd) I waiskg

(‘Puod) ¥°¢ FTIUAVL

132

-
B
.

‘e
LS N A e

SN

~

oy

- e
PR

-



8LYY “FST 9915S vleLee 121 8LVY°¥bS1 L16¥S £8L8¢€ 1zt
82¥9 °¥S1 S19¢5 029¥%¢c€ 0zt  82V9°pSl 192¥S $S9SE€ 0z1
68L9 *¥S1 061%S G881¢€E 611  68L9°¥ST PLSES 96V2c€ 611
L6F9 "PST ¥89¢S 09882¢ 8IT  L6¥9°¥S1 61825 88262¢ s8Il
peLS *vsl 080¢S 11852¢ LIT ¥2LS° 951 1612 L¥092¢ Lt
€59V “¥S 1 el11L2S 9€L22¢ 911  €99F°¥S1 SIS1S 82822¢ 9t
€0Z¥ °wS 1 66v2S 2LE61¢€ GIT €02 °¥S1 61809 56S61¢ Sttt
96S€ “¥S1 0002S 226S1¢€ PIT  96S€ "¥Si 1£105 28291¢ vLt
066% “¥S1 GSlis 9L921¢ €Il 066F°PSI 09%v6 v 61621¢ €l
2EP9 "SI 2120S 82260¢ 2L 2E%9°vS1 60L8¥ S1560¢€ rd 8
1219°%S1 9S¥6 ¥ 81950¢ L 1219°ps1 156L% LV¥090¢€ 188
6€9S *¥S1 1288% 96020¢ oIl  6£9S°¥SI 8G2L¥ ¥LS520¢ ort
02L9 °¥S1 95 I8¥ 991,862 601 02L9°¥S1 1LS9v L11662 601
896G "¥S 1 00SL¥ 28¥562 801 896S°¥S1 806S¥ 909562 801
8926 *¥S1 9169% 888162 LO1 8926 °¥51 \ 4473 4 S£0762 L01
2229 °¥S1 LS19% 8L2882 901 2229°%S1 10Sv¥ ¥S¥882 901
1629 *¥S1 1525¥% SLLY8Z S0l 1629 °pS1 S08¢d 968182 SOl
9%€9 ‘¥S 1 195¥% 092182 ¥Ol  9PE9°¥SI LOIEY 022182 ¥o1
88€S “¥S 1 S9IvP 90SLL2 €01 88€S6°HSI 8ivey 9%SLLZ €01
0S¥S “¥S1 8¥SEV ShLELZ 201  OS¥PS°¥bSl €ELIY €P8ELZ Z01
s29133p 199} 199) SpuodIs s23x3ap 19933 329 spuodIs

a8uey auut ], ?83uey oEm.m

pnuizy {ejuozZixoH SpmiVy 1epey yinwizy {ejuoziaolyy apMINIVY Iepey

(92 SAW) II waishg

(91 sdd) 1 wais4g

( ‘pauod) ¥ °¢ qd1dV.L

133



- = - 191 L128°¥S1 55889 v92s6¢ vl

=S == —I= ovi 09LL ¥S1 22089 66L26¢ ovi

== = = 6€1  OIVL°¥S1 €L2L9 £L206¢ 6¢1

= -- == 8€ET 09¢9°¥S1 0€£999 8L9.8¢ 8¢l

S = i’ LeEl  6¥2L VST 0L659  69058¢ Lel

- =7 =< 9¢1 €252 %51 08€S9 L8E2Z8¢ 9¢ 1

== == - Sel . 1218°961 20LY%9 voL6LE sel

== == == pel 621L°%51 S96¢9 L00LLE vel

== -- == €eEl  0969°¥S1 602¢9 82vLe el

o= e s 2€1  S129°¥S1 56529 116912¢ 2¢1

== - -- 1€l PE6S°HS1T 68619 8L989¢ €1
€02S °¥S1 ¥eve9 ¥r6€9¢ 0el €025 °¥S1 1€219 50859¢ oe1l
€8LS °¥S1 21229 9%919¢ 621 €8LS PG 1 L1v09 188€£9¢ 621
$599 *¥S1 $8S19 S1¥665¢ 821 6699°¥S1 62965 6€66S¢E 821
2VIL°¥S1 ¥1v09 £989s¢ L21  2¥1L°¥S1 8¥685 96695¢ Lzi
96LS "¥S1 $916S 060%S¢ 921 9615 °¥S 1 10€£8S (13411433 921
€996 “$S1 28086 68015¢ SZ1 €996 °¥S1 0L9LS 15015¢€ s21
ra 2V 24 20¢LS 2LGLYVE ¥e1 2PIL PSS 16895 S5087¢€ et
€929 °¥51 L8595 10LE¥E gzl €929 °¥S1 1029% 166v¥¢€ €21
¥S16 °vSl 60655 LS10¥E 2z1 SIS °¥s1 L0GSS L881v¢ 221
s22139p 3933 193] Spuod3s s20a182p 1993 199] spuodas
98uey suty, ?8uey awg,
YInwIzy [ejuoziaoH Ipmmvy awvpey YPnwizy  JeJUOZIICOH IpMINNVY Jepey

(92 SAN) 11 wasfg

(91 sdd) I waishg

(‘pauod) ¥°'¢ ITAVL

134

NS

ST S R L

_.-i_\

RN S S

-..1._“'“-'(."-'.‘-1\-&'\

I I B Y P



0910 °sS I 9LL2Z8 pel6edy 91 0910°sSt £0¢ez8 pLOGE Y 191
2P€0 “9St 96028 X X43% 4 091 2ve0 °ss1 02918 891Led 091
PL00 °SSl1 £6€18 6625¢ ¥ 6S1 $L00°SS 1 b¥608 2vesedy 6st
9L£0 °SST 16908 SoEEEP 851 9L£0°SG1 Sve08 862¢e¥ 851
8600 °ss 1 SE66L 19vied LSl 8600 °SS1 L9s6L 1LZIied LSl
= =< — 961  8zel°'vbsSI 1988L 81262¥% 961

== .= == GG 8£08°¥G1 LL1I8L 881L2Y SSl

-- == -- pSl 8€L6°¥51 ozZvLL evisey 123!

== == - €St 010¢€ °SS 1 1999L SL0E2Y €Sl

= .= S 251 16€£€ "G5S 1 PZ8SL 29602¥% 251

-- - = 161 021¢ °SS1 19092 2e881¥ 1s1

== == == oSl 80€0°SS 1 SEShL 95991V 0st

- -- - 6v1 2986 *#S1 r4Y4 42 881v1Y 6v1

-- -- -= 81 2elb sl vL8eL L68TLY 8vi

== == = Lol €L8Y °PS1 867¢L 02960V Lyl

= == == g 0612 °¥S1 G0b2L 6eeLOV Iv1

== -= == 14! LL69°¥S 1 86¢ 1L SS0S0P Syl

-= — - 144 086L "pS1 1060L ¥9920¥% 144!

= == == vl 1658 °¥S1 LE669 6z100¥% el

— == -- 44! TI6L°pST 88¥69 LLIL6E 44
saaxdop 3993 3193 spuod3s sa2a3ap 3993 3133 Spuod3s
aduey du ], 28uey sun I,

{inwizy  Jejuozlioy Ipmuly iepvy inwuizy  [ejuoziioy aIpmnuly 1epey

—

(52 SAW)III waisig

(91 SdJ) I washg

(‘Ppauod) ¥°¢ ATAVL

136

.- s e e

PR R N Y

RS PR AP DY



6206 °¥S1T 26296 0980L% 181  6L06°%S1 56196 8080L% 181
$6L0°SS1 85956 19569¥ 081 S620°6S1 €L6VO EvS69Y 081
9686 °¥S1 068¥6 9L289¥ 6L1 9686 °¥S1 950v6 85289% 6L1
9s11°ss1 280v6 LE699Y 8L1 9G11°6S1 081¢6 1€699% 8L1
L2€1°Ss1 10%€6 S¥PSS9v LLYT  LZEN°SS1 88¥26 1,559V LL1
L1062 °sS1 £9826 801¥9% 9L1  L06Z°SST1 S€026 911v9V 9L1
SOl¥ °ssl €1226 S€929¢% SLT SOIP°SSI 96516 22929% SL1
= = == ¥L1  668€°SSI1 19606 €1119¥ bLl
oLEE °SS T €¥806 €096SV €Ll OLEE°SSI 98206 ¥296S¥ Ll
299¢ °Ss 1 LY106 vL08SY 2LT 299t °ss1 10868 19085 ¥ 2Lt
8512°951 €168 oLY9SY LT 8G12°SS1 56268 6vvIsy L1
99%0 °SS1 8,888 LI6VSY OLT 99%0°Sal 6L£88 6L8vSY oLi
9€80 °SS1 sligs Lvesy 691 9¢80°651 vi9L8 692¢sy 691
€LIT°SST 69¢L8 8s81SY 891 €LIT1°GS1 920L8 0191s?v 891
9612 °SS1 61298 LL66YVY 91  961Z°SS1 L9¢98 2066%¥ L91
L861°SG1 21198 2618%¥ 991 1861 °SS1 65858 (3 28:347 991
6¥01 °Ssl 1 X347 9LYIVY S91 6¥01 °ss1 16168 96€9Vv¥ S91
L1898 "¥G1 14:7A 4] €69vvY ¥91 1898 °¥S1 L8EV8 €29vvYy ¥91
9618 "¥S1 Ly1v8 vegevy €91 9618°¥S1 029¢8 1082v¥ €91
5968 °¥S 1 [434%:] 86607V 291  S968°¥S1 S00¢8 SY60vy 291
s223a8ap 1293 323 Spuod3Ss s22x3ap EEY 329 Spuodas
?8uey awny ?8uey auy ],

YInwizy [RJUOZIIOH IpNINLY xepey ynwiizy  (ejuoziioy apmny Jepry

62 SAN) I waisig

(91 sdd) 1 woishg

(‘P.auod) $°¢ ATAV.L

136



g881¢ "9sl 618601 8£Z06¥% 102 881¢ "G9Sl 0€2601 05206% 102
SH9¢ sl SFPI1601 6L568% 00?7 b9t "6S 1 LESB01 1L568% 002
96¢¥ °SS1 £¥S801  9¥888¥% 661 96¢¥ *SS 1 PE6LOT  9¢888F 661
0666 991 216L01 28088¥% 861 0666 °SS1 L2¢L01 99088% 861
8e¥P °9al 9G1L01 ¢€1€L8¥ L6 8EVP *SS 1 689901 18Z2L8% L6
¥OoveE °SS1 9149901 S0go8Y 961 vove °GSSI 8L6G01 169987 961
S¥9¢ °5Sl £S98501 98998V S61 SF9¢ "G9S 1 982501 0L9S8%V S61
9LV °SS1 291S01  9v8¥8YP v61 9LVYV GG 1 S891¥01 86LV8¥ ¥61
ObL¥ °6S1 ¥8PPOL  SS6E8Y €61 obLY °GS1 596£01 806£8¥% €61
GE9¢ °GS 1 228t01 €10e8¥ 261 S£9¢ *SS1 ZL1E01  100e8% 261
65S€ °SS 1 680€01 25028% 161 6G5¢€ °GS1 L1p201 8S078% 161
0L81 °sSl Ly¥Z01 L9018¥ 061 0L81°9S1 976101 OFOI8Y 061
9260 °SS 1 28101 [S008% 681 9260 °SS1 TI$#101 €0008¥% 681
gtLz °G9s1 LEOIOT €¥06LY 881 81L2°6S1 9€L001 8S68LY 481
SSvP °asl 882001 9L6LLY L81 SSbb oot 68666 888LLY 181
0eELl¥y °SS1 91L66 8¢89LY 981 (IR A | L2266 S9LI9LY 981
68S¥ °SS 1 6£166 €S99SLY S8l 68S¥ °SS1 12986 8299L¥ 981
LG1€ °SS1 0286 LYSVLY ¥81 LG1¢€ "9S1 08LL6 t0SbLy 81
80L2 °5S1 1S¥L6 1vveld €81 80L2Z °SS1 260L6 gceely €81
81¢0 °SsS1 66,96 1izzLy 281 8le0°qesS1 50696 €LOZ2LY 281
sa31dap 1933 3199 spuodds s2218ap 199) 193] Spuod3s

aduey suIL [, aduey su g,
Yinwizy |eJUOZWIOH IpMUY 1epey yInwiizy  [RJUOZIXOF OpMNV 1epey

(52 SAN) 11T waishg

(91 sdd) 1 waiség
(‘Pyuod) p°¢ ATAVL

137



S8EL "9S1 t6reel LLELGY 122 S98¢l°9G1 628221 verLéy 122
9% 16 "9sS 1 ££6221 €52L0F 022 9¥19°991 Lvi1zel 1L8L6Y 022
¥961 °951 180221 L12L6Y 612 ¥961°951 28e121 €L2L6V 612
€616°5S1 £92121 9¢ 1L6¥ 812 €616°ss1 098021 SYi1L6Y 812
L£69°5S1 86€021 16696¢% L1z L€69°9S1 85021 80696V L1z
89627 "5S1 699611 viggev 912 8962°9S1 106611 $9996% 912
9821 °SS 1 S¥6811 2LS96¥ 512 9821°9S1 929811 v0996¥ St
¥S66 °"¥S 1 €0I811 S2¢96% viz  ¥S66°¥S1 ZP9L11 025961 vie
2890 °SS1 302L11 SE196¥ €12 2890°661 S98911 veZ96yv 13 4
v282 °661 ¥89911 L98G6¥ 212 ¥Z82°sSl1 91¢911 61856¥ 212
68S¥ °SS1 5S1911 99¥S6¥ 112 . 68S¥°SS1 £Ev9sil £0556% 112
S¥EY °SS1 $09S11 920S6¥ 01z SPeEP°6S1 SS8Y1t 111667 01¢
96%¥ °SS 1 vLosll 16Sv6% 602 96¥¥°SS1 S61v11 e1LV6Y 602
1€9¢ °6S1 6L¥¥11 €91¥6¥ 802 1€9¢ °6S1 88v¥I1 LZ1%6¥ 802
2€L2 °SS1 98¢ 11 2ILEGY Loz 2eLZ°ssl gaedbll SPSEGY L0?
6G11°661 orzeli 961¢6%V 902 6ST11°6G1 t2iell 080£6V 90¢
¥601 °sS1 ov¥zil 85926¥ S02 ¥601°9S1 198111 LL926V 502
S¥12°6S1 669111 €6026¥% v0Z S¥12°6S1 690111 iviz6y voe
680¢ °SS 1 161111 08v16¥ €02 680t °S97 S6£011 89516V €02
LS1g °Sol 609011 L9806¥ 202  LSTIE°Ssi 95,601 €€606¥ 202
s22a8ap 393j 193J SpuoI3IS s2213ap 31293 399J spuodIS

28uey auuty, 98uey auni g,

Ynuizy [ejuoziaoy Ipmuy aepwey YIn:ua1zy  [ejuoziaoly Ipn|y lepey

(52 SdN) 111 wmasig

(91 SdJ) 1 waishg
(-pauod) ¥°¢ ATAVI

138

A PR

<

cMam v,



6S10°LST 62291 Y9¥Z6¥ e -- -- -- 192

9910 LSt gLISEL 960¢6¥ ove oo o S (1344
€620°2S1 9¢Sbe 259¢6¥ 6€2 o &= -- 6€2
G156 °9S1 122%¢1 LSOb6Y 8¢€? e =k -- 8¢
GGE6°9S1 96L€€ 1 LZVP6 T Lg? == -- b LE?
SPI0°LS1 0S0€€ 1 958¥6 ¥ 9¢?2 S i o= 9¢?2
SL96°9S 1 1se2¢€t LG52S6¥ G2 -- -- -- T
L568 °9S 1 ELLIET €£€956¥ 1% 4 -k oo == 1 2%4
LS06°9S1 €221€1 6v656% €€2 -- == -- £€2
66%6 "951 L9€0E 1 2L296% r{ %4 oo S == 2€?
¥8L6 °9S1 SHF621 22996V 1€2 == e oo 1€2
20L6°9S1 GES8Z1 62696¢% 0€£?2 -- -- -- 0€£?2 .
6856 961 8s8Lzl 260L6¥ 622 e == o= 622
G856 °9G1 »80L21 LLZLGY 822 o == SIE 822 2 K
5520 °LS1 9L£921 96¢L6¥ L22 —= = == L22 -
18%0 °LS1 LO8SZU  PEBLGE 972 -- -- -- 922 &
9¢86 951 122 4T4A! 8LGSL6Y G622 =% == -- 62?2
9%06 "9S 1 1L8¥%21 089L6¥% ¥22 9¥06°9S1 18L¥21 69LLEY vz P
LELS 961 192v21 €YILOY €22 LEL8°9ST 80¢¥vZ1 LLSL6Y €22 ,.
G818 °9S1 L08€21 125L6¥% 222 S818°9s1 919¢21 €6VL6Y 222
s92x3ap 1993} 31933 Spuod3s saaxdap 19923 3993 spuodas .f
93uey suwayf, 23uey auat g,
Yinwizy (ejuoziioly dpniniy 1epey YInuwiizy  [eJUOZIIOH IpMmuy iepey v,
(62 SAN) 111 waskg (91 SdJ) 1 waisig

(‘pyyuod) ¥°¢ ATAVL



9126 °LS1 €L9L22 9¢L6¢1 LLe 1#66 °6S1 0166%1 0zZ16LY 192
2€98°LS1 L£05¢2 8heeee 65¢  €L51°091 29¢6¥%1 8€29LY 09?2
810L°LS1 9109L1 8L290% 00¢ 0€£86°091 8EL8V1 breLLY 652
1862 °LG1 2eStLl 29601% 862 L2€0° 191 886LY1 tLVYBLY 862
€¥59 "291 0L64G91 147415 4 $82 S189°091 612L¥%1 €9S6LY LS?
LYTT *$91 00€591 1S10v¥ ¥82 9001°091 LLSIP1 16508V 952
9L¥Z *¥v91 859¥91 to12vy €82 €VIL°8S1 £v09¥1 65518V 662
2861 *$91 9191 8SLLEY 082 6802 °LS1 tiesvi 16928% 1 274
9+06 €91 €£88091 rad1:344 6L2 291L°S61 11svvl vsvesy €62
10€1°€91 veB6SI T esy LI LLvE "SS1 SlLEVl 00v¥ReY [4°X4
€811°291 92¢6S1  WLEVSY 9L2  v625°951 8262F1  60¥S8Y 162
8S¥¢ "091 90L8S1 98¢ LSV vLZ €£26°LS1 1222v1 61£98¥ 06?2
$6L0°8S1 02zLs1 €S5v09Y 2Lz 1619°LS1 86L1¥1 L1087 (344
618¥%°GS1 0LPSS 6L5¢9¥ 0LZ 080L°LS1 6091¢1 €19.8% 8ve
G150 °PS1 9¢8¥%S 1 0e6%9¢% 692 SPIL LST roo1vi 94¢88Y Ly
vPe0 €St gavest 92ZLL9% 192 0L0L°2S1 0v00vt s8168% 9%v2
0t 1€ "G9Sl 191261 65¢0LY S92 2686 °LS1 6616¢1 sY6681 Sv?
686¢ “9s1’ 66€151 €6912LY ¥92 8508 “9G1 6898¢ 1 0v¥S06% ¥
9¢¥S LSl 9¢80S 1 9682LY €92 6926°9S1 9508¢ 1 velier €ve
0699 °8S1 28¢€041 vooeLY 292 9¢86 °951 912L¢1 68L16% r'4 &4
saaa8op 329} 399)] spuoddSs saaadop 129) 3199) SpuodIS
adury auw], . aduwyg aun J,

YInwiizy  [eIuoziaol  apmiuy aepey Yinuizy  [ejuozuiol  IpnINy aepey

(672 SdN) 11 wAasig

(52 SAN) 111 wdsig
(‘Pauod) y'¢ FTAVL

140



685V 651 6196¢£2 1L01¢e 81¥ O16€ 651 L162¢72 568¢9 86¢
€09¥% "6S1 L955¢2 €002¢ LIy 2¢82°6S1 9¢92¢¢ £€899 L6¢g
€09¥ "6G1 14231 %4 €00¢€€ 91% 1.¥8°8S1 16¢e2¢2 55869 96¢
1¥9% "6S1 1 3% 23 %4 650¥¢ Sy 6L£0°8S1 1902¢2 vr62L S6¢
1€9% "6S1 89¢€9¢€2 s01s¢ PIvy  192v°Lst €9L1¢€2 L809L p6€
019¥% "6S1 00ese2 9L19¢ 13 8 4 ILyy LS 4% 4 § %4 123472 £6%
80tV °6G1 1229¢2 eleLe iy z20bv LSl LLO1E? €6928 26¢
9Z1¥°6S1 6e15€? 0298¢ 11y S98% °"9s1 L1L0e2 6,098 16¢€
€21V °6S1 14 4'21%4 1€86¢ 0ty 9¥0L°LSI 26¢80¢€2 9¢568 06¢
181¥°6S1 r4 :34%4 2221y 60% 1620 °6S1 ¥66622 6v0t6 68¢
8LOV 651 €28v€2 voLzZy 80F ~ 1262 °9S1 0€£962?2 ¥1996 88¢
€I0v 651 969¥v¢? 892v¥ LOY 6V89°LSI 962622 61001 L8¢
202Z¥ 651 LSSbe? €26S¥ 90y €LP6°LST v9882¢ S8L¢01 98¢
¥8EV “6S1 80¥¥Pe2 vLOLY SOF 9086 °LS1 §5¥822 1PFLOIT S8¢
2EEV 651 ovezre2 0sS6¥ vov 96L6°LS1 666,22 LeTTLL 14:13
¥EY "6S1 190%¢2 LSS1S €0F L096°LST €L6L22 eL8YI T €8¢
881¥ "6S1 €98¢¢€2 62LES 07 2ps6°LSl 601222 919811 28¢
196¢€ "651 13 ' 23 %4 LLO9S 0% 6126°LS1 0£8922 88vz21 I8¢
666¢ "6S1 1ibee2 9¥58S 00F Le16°LS1 052222 101L21 08¢t
896¢ "6S1 vLiee? ¥1L19 66€ 9226 °LS1 $602¢2 8viI8el 8Lt
s22183p 129) 193] sSpuod3s saax8ap 129} 193] Spuod?Is
aduey awtt g, a8uey auu g,

ynuizy [RIUOZIIOH 2pMmULy lepey YInwitzy  |RPIUOZIICOH  2pMNY 1epey

(sz SAW) 111 waishg

(g2 SdN) III waishg
_ (‘Pvuod) ¥°'¢ FATAVL

141




*Spuod3s | *g6F Sem dwy) 3oeduny syt pue

(.

SpU0d3s §°26] sem owy djread oaayds ayy,

*a1qe) 23 Inoydnoayy surny ieper ayy woajy 39S G *[¢ 12vaiqns founy Sy femoe oyy uteiqo o, M
Y6EY °6S1 6019¢2 0c 0% 8S¥  6S5¥ 7651 2119¢? 08151 8tdy
L8EV "6S1 tE119¢2 6Svvy LSy  6SSPT6S1 2119¢? ¥2e91l Ley
6SEV 651 sl19¢2 6905 95Y 259617661 2019¢? vioLl 9t v
€9E¥ "6S1 $119¢2 6299 sSSPy 1vSET6S1 L809¢?2 0sLL sed
99¢¥ "6S1 v119¢e2 9929 PSv  BESEF 6G1 6L09¢2 98¢81 1454
6SEV 651 9119¢2 5689 €S SESPT6GI 6909¢? 82061 1% 4
08€¥ "6S1 1119¢2 2svL 2SP  SES¥T6S1 9509¢¢ €0861 F4 % 4
LLEY 651 9019¢2 0ov08 1sS¥  SES¥ 651 T¥09¢2 90502 1edy
8EYY "6S1 €019¢2 6918 oSt 1e9¥°651 8109¢2 v9ez1e otdy
8EVY "651 6019¢? 8L68 6Vy  1eS¥°661 v665¢€2 vz 0¢2¢ 6Zv
6S¥¥ 651 2119¢ee 9596 8¥y 116¥°6S1 L265€2 16222 8%
6S¥¥ "6S1 S119¢2 16201 LYy 1¥S¥T6S1 £965¢€2 116¢2 L2y
29%¥ "6S1 €219¢2 99L01 9%vy  LOSV "661 G266€?2 652¥2 92y
L6VY °6S1 0e19¢2 60e11 St 11SP°6S1 8685¢¢ 02057 SZd
125¥°6S1 Pe19¢2 L6811 vr  FISET6S1 £€986¢2 L€852 ey
8¥S¥ "6S1 €E19¢2 €6621 €V L1SPT6S1 1£86€2 9L99¢ LA 4
8¥S¥ 661 6219¢2 tveel vy PISE 661 66L5¢2 e6vL2 (X4 4
295V °6S1 e 19¢? 86L¢1 IvP  SESF°6S1 69L5¢2 £2¢e82 129
9LSY 651 ve1oee 13124 vy SESPF 661 oeLse? 60262 0y
S9S¥ "6S1 2219¢2 2uIsl 6EVv  295F °6S1 1295¢2 2510¢ 611

sa22a132p 1293 3199) BpuUODIIS .s92a8ap 399} 399 SpuUOD3S
28uny aung, a8uey auny
Ynuwizy  [eJUOZIIOH dpmuvy aepey qinwizy  [wIUOZIIOH 2pmIny Tepvy

142

(52 SAW) 111 wmaishg (52 SAN) 111 waisig

(‘pauod) p°'¢ ATAVL



2079 "£81 16SLE 28¥%¥9¢ 101 0980°¢81 56882 SELI0E 18
129¢ "¢81 22Le 1€919¢ 00t TI¥vI°esl 9vv827 vL2862 08
96c¢ "e81 0999¢ €2L8S¢ 66 vrez esi €ep6L? v08%62 6L
0S¥ °e81 t129¢ 85LGS¢ 86 L08Z €81 €2SL2 €L2162 8L
L1828 °e81 218s¢ L1826t L6 SLSI "e8I €81L2 289L82 LL
222181 voese 8886¥F¢ 96 6502 ‘€81 19292 SLOV82 9L
€1e€E “¥81 L68VE v169ve S6 viol°gs8l 16292 6L¥082 SL
PIST “¥81 131442 G98¢eve b6 €LVOE8I ££892 Ly89L2 vL
SIL6°€81 tLO0bE 9080%€ €6  ¥900°281 L6£S2 LLieLe €L
0028 "€81 119¢¢e SZLLee 26  L¥S8°281 896%2 €L¥692 2L
1189 °e8l 144422 S09%¢e 16 899L°281 LYSve 1€L592 LY
6v86 “£81 9L82¢ 6rvice 06 S8LL"281 L80F2 856192 oL
bizs 'esl v6eze 29282¢ 68 89¥8°7Z81 €v9t e 651852 69
29LE €81 6281¢ 1¥062¢ 88 L£00°¢81 §22¢e2 22e¥52 89
L162 €81 sSele 28L12¢ L8 L186°281 vz822 3441374 L9
€501 "¢81 8860¢ 86¥81¢ 98 8296°281 56€22 2va9ve 99
2201 "e81 1950¢ S61sle S8 1¥06 "281 56612 $292¥%2 99
S6S1 °e81 5210¢ €6811¢ ¥8 8£06°2Z81 88¥12 ¥598¢2 ¥9
1681 °¢81 58962 €v¥580¢ €8 0860°281 (4 4'1%4 L99ve2 €9
981 ‘e81 00€62 95150¢ 78 2¥e6°181 L5902 ¥s90€2 29
saax3ap 123§ 3129] spuodas saaaJap 329) 123] sSpuodas
a3uey autg, aduey auryg,
Yinuiizy  [RJuoziioy IpMuIy xepey Ynwizy  [eJU0ZIXOH Ipmuty iepey

HSId DNIM ‘8 LAMOOY ‘VIVA XHOLOArVYL HVAVH $°€ A'TdVL

143

v et

s e Y. e



288% "¥81 61156 19925% P1T 8926°¥81 1109  bULb1¥ 121
€LYS ¥81 €¥9¥S  L901S¥ OBl  6266°¥81 29LSY  VLP2IY 0z1
1222 %81 082%S  VI¥6bd 6€1 0906 °¥81 601SF  S9101¥ 611
18€8 "¥81 196€S  ObLLVY 8€1  666L°¥81 001S¥  LLBLOV 811
8686 ‘¥81 1L1€£S 1809v¥ LET  06%S°¥81 82Svk  €£SSOV L1l
€0%0 °S81 €662S  LLEWVD 9¢T 8002 °¥81 ggLey  80IEOF 911
2920°S81 85€2S  8LSZWV SE1  SOV0°¥81 6bbEY  L8SO0F 611
€810°GS81 86025  L9L0V¥ PET  2€68°¢81 61b€F  90186¢ 28
9510 °S81 €9G1S  L968E¥ €E1  S088°¢81 1962%  ¥H9S6¢€ €11
1596 *¥81 SETIS  021lE¥ Z€T L126°€81 9022% = £L2¢€6¢ Z1
9558 "¥81 €¥L0S  BZ2SEV 1€E1 0950 °#81 LOLIVY  006806€ 1l
¥199 "¥81 25€0S  9lEEEd 0El  €I¥E °¥81 LLZ1v  0LE£88E o1t
2295 "¥81 29006  2PElEd 621 1816 °¥81 £080F  S€L68€ 601
PLVE "¥81 €SV6F  SLE6ZV 821 0029 °¥81 29%0F  980¢8¢ 801
€E21°¥81 GLI98F  66ELZV L21  S88S°¥81 ¥010v  1SH0SE L0
1920 %81 8L6LY  18€S2¥ 921 2689 °¥81 22L6€  €16LLE 901
96L1 "#81 S29L¥  B0OECZV G21  80VH°¥81 2026€  28gSLE SOl
€E€SE "$81 €LVLY 161129 ¥21  8L¥E "¥81 9888¢ 65L2LE ¥O1
9096 "¥81 961L%  OVO6IP €21 LEOL°¥81 G2V¥8¢  2S00LE €01
€9€8 *$81 €959%  ¥0691¥ 221  €£18°€81 LLOLE 982L9¢ 201
s22a189p 3093J) 193) SpuodISs sooadop 1293 193] SpuodIs

. a8uvry auut g, a28uvy suat ],

ynuizy  |ejuozilol] aspmnyy Jepvy YINUzy  ejUoZIIOH dpMIY aepweyl

a.ﬁ.ucouv Gt ATIdVL

“a e e
a
CER AN R )

144

A Py

.1

-tlny

L S eV I N LIS S R e T ) LR el



*1J 000 “06¥F Aor1ewnixoxdde sem apmnge jyead oy —up-n«m_:..ouum L0611 Sem awr) Yy v—.wonmn

*aqel sy} noydnoayy aw} 1eprwd 9y} O} SPUOIIS G ppe

\QES 1431y 23ewnixoadde ayy uieiqo oL,

S9¢0°S81 LSLY9 viizsey 991 vLOV "981 t¥109 06S69¥ €Sl
9VsL "¥81 oLvv9 19218% P91 99¥e "981 0169S 92v89¥ r4) !
91vL “p81 168¢9 08€08¥p €91 0£€Z°981 Sbz6¢c vriL9d 1St
666L °¥81 115¢9 9eEP6LY 291 5L50°981 28689 09LS9V ust
8L21°S81 S¥S¢e9 orv8Ly 191 S1L8°G81 21985 66£VIV 6v1
SP9s S8l 691¢9 1Zvildy 091 2¢ 1L °981 16085 L90¢€9V 8v1
0010 "981 88229 1ey9Ly 6S 2Lleg "S81 99LLS LLI19Y Lyl
€LL2 7981 82L19 ELEGLY 8s1 61L0°G81 125LS S1209% PA4
299¢ "981 8¢eL19 1e2vly LST  099L°v8I1 L£E69S 69L8SY Syl
9¢1¥°981 ¥e919 Lilel?d 951 659SY P81 0609S SStLSY (44!
€09¢ "981 8%019 2002Ly 9ot 9L6¢ "¥81 85V96S 85855¥ evi
L8EE "981 ¥2509 Lo6LoLy vsl  91zv¥81 (4143 092¥SP ra4\
soox3ap 399} 399 Spuod3s saa13dap 199§ 193] Spuodas
28ury awng, ?8uey auat

yinulzy frPIUozZ1I0}H] IpMiINv Iepey] yywuizy 1RrIUOZIIOL] IpMiInv Iepvy

("p,juod) g g ATAVL

145

-~

SRR



9269°L21 €96L 21L29 L8 1291°8L1 ¥809 1€t L9
€61L°LL1 yLYL 1eve9 98 8091 °8L1 0109 seelL 99
€L9L L2 y8¢eL £21%9 S8  8621°8L1 8€69 S0€1L 59
00L8°LL1 oteL 69Lv9 v 88el°8L1 198¢S 82¢1L ¥9
S€98°LLY 6gzL 28499 €8 190¢ "8L1 26LS LIt €9
¥e8 TLL 291L 12659 ra:} 1eve "8L1 S2LS 9821L 29
LoL8 "LLl 0602 5£999 18  209¢ °"8L1 £99S 8221L 19
€928 "LL1 810L 890L9 08 18627 "8L1 56565 eellL 09
6598 "LL1 ¥s$69 6952 6L 8252°8L1 026S L001L 6S
6vz6°LL 0L89 0¥089 8L 992t "8L1 0svs 0580L 86
L010°821 1089 ¥8¥89 LL  PviOov°8LI 9LES s990L LS
1016°2L 62L9 16889 9L  6¥PS°8LI voes 2vvoL 9s
5888 "LL1 6199 L5269 SL 64965 °8L1 B82S LL10L SS
SSLBLLY 1959 68569 bL S10L°8L1 6L1S 98869 ¥s
2Ls6° L S6v9 20669 €L 2089°8BLI ST1S 51L569 €S
5920 °8L1 €99 L810L 2L 016S°8L1 0¥0s 82269 [4°]
9%90 “8L1 ¥se9 SevoL 1L 0856 °8LI 8v6v LE889 15
9LLT 8L 0829 9%90L oL 1¥99°8L1 L88Y vive9 0s
8L¢1°8L1 £129 Ge80L 69 9LS6°8LI 618V vL6L9 6v
¥651 °8L1 1519 10012 89 L62Z¥°6L1 608¥% 605L9 8y
sasa8ap 1993} 199 SpuUODIIS saaadap 1293 193] spuodas
o8uey auwy, aduvry awn g,

Yynwizy  1eIUOZIXOH 2pNMINy aepey YInwizy  [ejuozZiaol  IpMINy Jepey

4dOY¥ IHOIL ‘6 LIMOOY ‘VIVA AHOLOIArVYL HVAVH 9°¢ I1dVL

146



80€6 “¥LI 6188 | 443 LZ1  29Ls°8L1 1€6L L1t0S LO1
€L¥2 °SLl 9s.L8 8166¢ 921 SbIL°8LL og6L €609 901
986¥% “SL1 6898 1441 4 S21  1S69°8L1 LS6L 0e91¢ SOt
€8¢l °SLl 1€98 0€60¥ vl  96LS°8L1 9€61L €¥2es Vol
6550 °9L1 08s8 r444%4 €2l 9009°8L1 688L 8¥8¢S €01
ev2e "9L1 Ge68 8661V 21 1€59°8L1 1982 2LYeS 201
9¢LS *9Lt 988 06vZvy 121 06€9°8LI 4% 12 (4 84° 101
¥98L “9L1 ovvy8 220¢e¥ 021 8S99°8LI visL 68LYS -001
¥8€0 °LLT 86¢€8 85S¢tV 611 1999 °8L1 68LL 121 4% 66
9922 °LLl L9t 8 860v¥ 811 8985 °8LI 9PLL 0019S 86
9€9¢ “LLY 6628 SV Y LIT  0S25°8L1 €69L L¥LIS L6
(442 XA 1528 161S¥ 911 L2066 °8L1 199L 01IvLS 96
evvLLL] 8¢28 (4221 4 SIT €115°8L1 €29L 68085 S6
9e16°LLY 9028 L829% PIT  962v°8L1 6L5L 25189 v6
€250°8L1 2918 2589% €1l 9L6V°8BLI 916L bLY6S €6
¥822 °8L1 otis L8eLY 211 8966 °8LI €e9L GL869 26
098¢ "8L1 0018 116L¥ 11t poLS°8sLl L8LL 51009 16
19¢¥ °8L1 2608 28S8Y ott 9021°sLl pi8L 9L£09 06
1€0G °8L1 8L08 1226¥% 601  $899°LLY voLL L1119 68
LSSV °8L1 0008 ¥8L6Y 801 9989°LLI 2¥9L 2L619 88
s3aaadap . 31293} 399 Spuodas saaxdap 3095 399 spuodas
38uey sunj, : a8uey awt g,
YInwiizy  [ejuoziioy Ipmuy tepey Ynwiizy  BIU0ZIoH opmny 1epey

(‘Pauod) 9°'¢ FTAYL

147



L620°1L1 1866 88061 91 8S16°891 25201 12¥62 L3
8091 °1L1 9866 91561 991 %785 °891 80201 09662 9v1
612z°1L1 5666 690072 S91  S999°891 SS101 9610¢ Sri
€ELEZTILT 90001 59502 Y91  89£8°891 16001 1€01¢ 144!
1#81°1LY v2001 99012 €91 €0L0°691 52001 6551¢ 154!
0290121 L¥001 L9512 291 661¢ °691 6v66 LL02¢ (44!
L€£96°0L1 ¥L001 2L022 191 €185°691 €986 9857¢ |54 ¢
LLyL oLl 80101 08522 091 2L16°691 2LL6 280¢¢ ovi
1205 °0L1 €viol €60¢e? 6s1 8682 "0L1 8896 82s¢ee€ €1
6€87 "uLY 62101 809¢2 861 8189°0L1 ¥196 S90¥%¢ 8¢1
8L10°0L1 21201 621%2 LST  L8L0°1L1 LYS6 195¥%¢ Lel
S128°691 ¥veol £59¥2 9s1 8BIL¥ 1Ll LLY6 9¢06¢ 9¢ 1
¥6LS°691 SL201 LL1G2 GS1T  2606°1L1 L6E6 1266¢ SEl
€16€ °691 00¢€01 669572 ¥o1 900t "2L1 91¢6 9009¢ el
1LS1°691 L1e01 62292 €S1 $90L°2L1 £Eveob 06¥9¢ tel
8£96°891 62¢01 16L92 261 GQLL0°€LT L916 6L69¢ 2t l
8LLL°891 tEeol 082L2 161 9veEV el 8806 09vLe 1€l
2299 °891 92¢01 218L2 0S1 8618°¢L1 9106 156L¢€ ot1l
96SS "891 01€01 Sve8e 6%1 9€12°¥vL1 8¥68 orv8e 621
9816 "891 58201 28882 8vI 6209 °pL1 £888 2¢68¢ 821
so2a3ap 3993 3199 spuod3s saoadop 199) 309 SpuoOdDdSs
a8uey auyg, a8uey s,

Yynuizy  [eJuozixol LSpmnly xepey YInuwtzy  [ejuoziaoy apmuty Iepvy

(‘pnauod) 9°'¢ ATAVL

148



*a[qe} S14) NOoYSn0Iy) Suxj) JBPBI oY) WOJ]

8€0€ *0L1 olgot 601 60?2 8puodas 6°T JovIIqns ‘our]} W3 UITNIqO O Ly
1896 "691 81¢€01 6L¥1 802
SHL9 “691 82¢01 9981 L0Z 9009 °891 €S101 1866 L81
6LS¥ °691 8€€01 $¥522 902 ¥0¥9°891 vz101 60v01 981
LL9Z 691 9%€01 124k 502 L€19°891 86001 LEBOL 581
1860 691 GSE01 S£0€ ¥0Z 812L°891 SL001 69211 ¥8 1
1096 °891 €9€01 82¥¢ €02  1L9L°891 25001 €0LL1 €81
6,28 "891 2L€01 €8¢ 20Z 9828°891 1€£001 6E121 Z81
102L °891 LLEOT 612v 102 65.8°891 €1001 6,521 181
5109 "891 6LE01 919% 002 92¥6°891 00001 1zogt 081
LSHS "891 18€01 S10S 661  99%0°691 6866 S9pE 1 6L
816¥% 891 8LE0( SI¥bS 861 HZFI°691 2866 c16el 8Ll
8vZ¥ “891 €LE0T 6185 L61 2862°691 7866 S9EH 1 LLt
990% "891 $9¢01 €229 961 80E¥ 691 8866 0Z8%1 9L 1
L6 °891 €5€01 1£99 661  Z¥6S°691 5666 18261 SLT
950¥% "891 LEgOL 1v0L ¥61 6008 °691 8666 SPLGT LT
L60V "891 81£01 yShL €61 19¥6°691 00001 P1291 YA
68¢¥ °891 ¥6201 698L 261 2261°0L1 00001 L8991 rdA|
61LY°891 69201 1828 161 190V °0L1 9666 19121 1Ll
000G 891 1¥201 LoLS 061 LS6S°0L1 2666 8£9L1 oLt
8L2S "891 11201 0£16 681 1818°0L1 6866 JTI81 691
$8SS °891 Z8101 $556 881 69£6°0L1 £866 10981 891
saaadap 1993 1293 sSpuodos saa13ap 3923J 31093] sSpuodas
23uey awj, aduwry aung,
awrzy 1RIUOZLIOY 3Ipniulvy Iepey uwuatzy 1PIuOzZlI0l{ OopMulvy 1epey

(‘pyuod) 9°¢ ATAVL

149



*sanjea pajdarion,

° youne] 394201 0} PaIIIJa1 die SdW [y

S9°017 6°LZ 1°29 L°12 8S 1§ 6
80 "26¥% 6°121 S°161 45 6¥1 66 °95 8
¥6°16¥% 0°Evl 1°261 +LoEst 62 °SS L
20°S6¥ ¥ 6¥1 0°261 +Loest 60°SS 9
co.g.m o6l 0°S61 ¥oLST ¥L€S S
¥S “88% ¥ 291 6°L81 +2°8¥%1 08 °SS 14
¥9°€8¥% 0°0ST 0°S81 48°5¥1 LS°SS €
82 “98¥% 0°0¢1 S°681 Lzvl 99 "¥S 4
86 “Z8V v 152 L L8l 1°%¥1 L6°SS I
(o9s Nou\ﬂ: yead e (o9as) (uxy) (o9s8)

x2url g 3d>edwy

190]3A [€IUOZLIOK W) Yedd

+oPMmInIe edg yauwl] uondaly “oN 1}d0Yy

VIVA AMOLODJALVHL TUYTHLS 4O XAAVINNNS

L°¢ JTdVL

150

[P
p AT

-

“® ot



TABLE 3.8 DENSITY, 0 THROUGH 115 km, U.S. STANDARD ATMOSPHERE, 1962

Density, p (gm/cm

Geometric Altitude, Z (km)

3

vs

Z p Z P

0 1,2250(-3) 60 3.0592(-7)
5 7.3643(-4) 65 1,6665(-7)
10 4,1351 70 8.7535(-8)
15 1,9475(-4) 75 4,335

20 8.8910(-5) 80 1.999 (-8)
25 4,0084 85 7.955 (-9)
30 1,8410(-5) 90 3.170

35 8.4634(-6) 95 1.211 (-9)
40 3.9957 100 4,974 (-10)
45 1,9663 105 2,117 (-10)
50 1.0269(-6) 110 9.829 (-11)
55 5,6075(-7) 115 4,623 (-11)

TABLE 3.9 DENSITY, 0 THROUGH 90 km, Tropical Atmosphere (15° N)

z P Z P

0.000 1.1666(-3) 60.673 3.0783(-7)
10.032 4,1965 70,898 8,2710(-8)
14,054 2,5682(-4) 75,000 4,6006
20,096 9.3903(-5) 80,131 2,0811(-8)
26.150 3.3797 85.272 8,2487(-9)
30,192 1,7898(-5) 90.000 3.5224
34, 242 9, 7049(-6)
40, 320 4,0355
46,416 1,7542
50,480 1,0497(-6)
54,556  6,4536(-7)

Note: The bracketed number gives the
the initial number is to be multi
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TABLE 3.10 DENSITY DATA, ROCKET 1

Density, P (gm/cms)
vs
Geometric Altitude, Z(km)

Ugleg Data
Z ) Z -]
61,6 3,19(-7) 84.8 1.11(-8)
64,1 2,23 86,9 7.28(-9)
66.6 1,68 . 90.0 4, 39
69,0 1,24(-7) 92,0 3,08
71.4 8.77(-8) 95,0 1.89
73.7 6,26 96.9 1, 34(-9)
76.0 4,42 99.7 7.86(-10)
78,3 3,29 101, 5 5.19
80,5 2,30 103, 3 3,67
82,7 1.54 105.0 2,59
Downleg Data
rA <] y A p
107.9 1.48(-10) 76.5 3,88(-8)
105.4 2,52 74,2 5,37
102,.8 4,33 71.9 7.18(-8)
101,0° 6.43 69.5 1,02(-7)
99.1 9,02(-10) 67.1 1.40
97.3 1.22(-9) 64.9 1,94
95,4 1,73 62.2 2,70
93,4 2.49 59,17 3,61
91.4 3.42 57.2 4.99
89.4 4,80 54,6 6.70
87.3 6,68 52,1 9,28(-7)
85. 3 9,83(-9) 49.5 1,36(-6)
83,1 1, 35(-8) 46.9 1.86
80,9 2,03 44,3 2,44
78,7 2,71 41,7 3,52
39.1 4,92

Rawinsonde Data

Z P Z P
0.09 1.17(-3) 10,91 3.80(-4)
1.50 1.03(-3) 12,37 3.19
3.13 8.67(-4) 14,15 2,56
4,39 7.62 16,50 1,75
5.84 6.54 18,61 1,17(-4)
7.55 5.44 20.70 8.13(-5)
9.65 4,35 23,96 4,66
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TABLE 3.11 DENSITY DATA, ROCKET 2.

Density, p (gm /cm3)

vs

Geometric Altitude, Z(km)

Upleg Data
Z p Z p
62,65 2,37 (-7) 75,71 3.63 (-8)
65.17 1.75 77.73 2,62
67,82 1,24 (-7) 80.90 1.48 (-8)
71,01 7.47 (-8) 83.15 9.97 (-9)
72,98 5,68 90.19 2.90
Downleg Data
- Z P Z P
100.84 3,99 (-10) 62,53 2,42 (-7)
92,08 1,77 (- 9) 59. 30 3.56
88.95 3.41 57.40 4.65
85.07 6.73(-9) 54,88 6.11
82.32 1.11 (-8) 52.44 8.49 (-7)
80. 81 1,46 50. 38 1.06 (-6)
77.97  2.48 47,40 1.58
75.85 3.30 44,92 2,19
73,80 4.74 42,41 3.11
71.15 7.17 (-8) 40,00 4, 34
68. 44 1,15 (-7) 38.10 5.76
67.13 1,46 36,35 7.58
64.42 1.90
153
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TABLE 3.12 DENSITY DATA, ROCKET 3
Density, P (gm/cma)
vs

Geometric Altitude, Z (km)

Upleg Data

Z p Z P
71,24 7.07 (-8) 82,94 1.26 (-8)
73.67 5,02 85,11 8.68 (-9)
76. 06 3.49 87.24 6,62
78.41 2.42 89.33 3.97
80,72 1.95 94, 38 1,46 (-9)

104.70 1.73 (-10)
Downleg Data

Z p . Z P
98,27 7.47 (-10) 66,72 1.29 (-7)
97.31 1.04 (-9) 64,25 1.84
92,40 1.78 61.]5 2,55
89, 34 3,76 (-9) 59,22 3.51
82.95 1.16 (-8) 56,65 4,94
80,74 1,64 54,06 6,87
78.49 2.41 51,44 9,52 (-7)
76.20 3.35 48,80 1,26 (-6)
73.89 4,78 46,15 1.74
71,54 6.60 (-8) 43,50 2.45
69.15 1.02 (-7) 40,86 3,71

38.25 5.49
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TABLE 3.13 DENSITY DATA, ROCKET 4

Density, ¢ (gm/cm3)
vs
Geometric Altitude, Z(km)

Upleg Data
Z p Y/ p
67.71 1,25(-7) 78.63 2,38(-8)
68.95 1,02(-7) 80,16 2,05
70,30 8.57(-8) 81,73 1,71
71,64 7.26 83,65 1,52
72.98 5,90 85,20 1,07(-8)
74,41 5,16 87,19 8.25(-9)
76,53 3,29 90.17 3,78
77.23 2,98 92,05 2,75(-9)
111,93 3,61(-11)
Downlg&Data
Z P Z P
109,87 5.53(-11) 71.45 7.41(-8)
103, 35 2,64(-10) 69.99 9.00(-8)
98,38 1,18(-9) .69.38 1,03(-7)
96,19 2,27 67.40 1.35
92,40 3.81 66,03 1,61
90,63 4,85 64,02 2.03
89,78 5,87 62,74 2,41
88,06 7.17 62,10 2.60
86.43 9.18(-9) 60,82 3.07
83.68 1.50(-8) 59.40 3.70
82.11 1,64 : 58,10 4,33
80,51 2,02 . 56,79 5.07
79,14 2,32 54,83 6.18
77.75 2, 84 53,51 7.19
76.22 3.41 , 52, 32 8.29(-7)
74.11 4,76 50. 32 1,04(-6)
72,77 6,22 49,64 1.12
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TABLE 3.13 (cont'd)

Downleg Data (cont'd)

Z p Z p
48,43 1, 35(-6) 40,13 4,11
47,07 1,54 39,46 4,46
45,19 2,03 38,28 5,36
43,86 2.40 35,21 8.33
42,66 2.84 34,07 9.79(-6)
41,33 3.45 32,38 1, 30(-5)

Rawinsonde Data
Z p - Z 0
0.11 1,16(-3) 10,98 3,75(-4)
1. 52 l.oz('3) 12.46 3. 16
3,15 8.90(-4) 14,25 2,53
4,43 7.54 16,64 1.77
5.89 6,47 18,73 1.18(-4)
7.61 5,42 20,79 8, 25(-5)
9,71 4,32 23,99 4,81
156
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TABLE 3.14 DENSITY DATA, ROCKET §

Density, P (gm/cm3)
vs
Geometric Altitude, Z (km)

Upleg Data

Z p Z p
66.8 1, 34(-7) 86.6 5.99(-9)

69,4 9,16(-8) 88.9 4,03

72.0 6,33 91,1 2,68

74,5 4,75 94,5 1.56
77.0 3. 06 96.6 1015('9)
79,4 2,11 98,8 8.55H0)

€1.9 1,35(-8) 100, 9 6.75

84,2 9.05(-9) 103.9 4,65

106.9 2,66

Downleg Data

Z p Z p
108,9 1.62(-10) ] 61,5 2,69(-7)

102.9. 6.00(-10) 58.8 3.80

9304 z. 27(-9) 57.5 4.43
85-4 8.49('9) 53. 3 70 39('7)
83. 1 1. 31('8) 50.6 1.04('6)

80,7 1.85 47,8 1,44

78.3 2,74 45,0 2,06

75.8 4,35 42,2 2,90

73,3 6.21 39,4 4,23

70,7 8.68(-8) 36,7 6.26
68.1 1,21(-7) 34,0 9,56(-6)
64,2 1,96 ’ 31,5 1.55(-5)

. Rawinsonde Data

Z p Z p
0,12 1.17(-3) 10.9 3.82(-4)

1.52 1.03(-3) 12,4 3,18

3,15 8.68(-4) 14,2 2.52

4,41 7¢57 16.5 1.78
5.86 6,55 18.6 1,21(-4)
7.57 5,46 20,6 8.26(-5)

9,65 4,37 23.9 4,82
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TABLE 3.15 DENSITY DATA ROCKET 6

Density, ¢ (gm/cm 3)

vs

Geometric Altitude, Z (km)

Ugleg Data
Z p Z p
64,40 1,70(-7) 86, 30 7.22(-9)
69,54 8.98(-8) 91,85 2,77
72,05 6,02 94, 00 1.91
74,52 4,43 96,11 1. 30(-9)
76.95 3,02 99,20 7.20(-10)
79. 34 2,14 101,21 4,93
80,51 1,79 106,08 2,02(-10)
84,01 1,05(-8) 108,90 8.14(-11)
111,63 8.63
Downlei Data
Z p Z p
107,04 1.86(-10) 72,06 6.86(-8)
104,16 3,38 70,81 8,07(-8)
101,22 - 6.46 68,28 1,17(-7)
98.19 1,20(-9) 63,13 2.21
96,12 1,62 60,50 3,11
92,94 2.33 57.84 4,26
90, 77 3,38 55,15 5,87
88,56 4,95 52,44 8.37(-7)
85,17 9.31(-9) 49,70 1,15(-6)
81,70 1,61(-8) 46,96 1,57
80,53 1.93 44,20 2,32
78,16 2,81 41,46 3,21
74.53 4,88 38,75 4,60
36,09 6.46
Rawinsonde Data
Z p Z p
0.13 1.17(-3) 10. 9 3.80(-4)
l,o 57 looz(-3) 12.4 3.18
3,21 8.40(-4) 14,2 2,52
4,46 7.60 16,6 1.76
5.91 6.55 18,7 1.21(-4)
7.61 5.49 20,7 8.26(-5)
9,68 4,41 23,9 4,82

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

........
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TABLE 3.18 DENSITY DATA, ROCKET 17

Density, p (gm/cm?)
vs
Geometric Altitude, Z (km)

2 0 Ueleg Data 2 0
64,96 1.66(-7) 77.07 3,74(-8)
67,30 1.54 78. 77 3,04
68.07 1,37(-7) 80, 44 2,30
70,50 9,87(-8) 82,22 1.69
71.25 8.76 83,03 1,37(-8)
72,88 6.98 85,81 7.41(-9)
75, 37 4,69 87, 86 5,56 :

93,60 2,20
Downleg Data
Z p Z p
109, 64 1.43(-10) 66,29 1.59(-7)
103,43 5,07 63.16 2,31
100, 44 7.36(-10) 60, 91 2.81
95,20 1,88 58. 39 4,23
92,98 2,77 56,76 5.19
90, 80 2,85 55.28 6.11
88, 70 4,31 52,97 7.99
86, 69 5,85 52.14 8.68(-7)
84,72 9,02(-9) 50. 49 1.06(-6)
82,87 1.31(-8) 48,98 1,27
81,10 1,90 47.48 1,53
79, 34 2,63 45, 80 1,83
77.68 3,38 44,28 2,22
75.94 4,53 42,77 2.80
73.49 5,47 4], 25 3,44
71,13 8.63(-8) 38.94 4, 84
69,47 1,07(-7) 38.10 5.33
67,94 1,31 36.65 6.75
Rawinsonde Data
Z p Z p
0.11 1,16(-3) 10,98 3,85(-4)
1,52 1,04(-3) 12,46 3,22
3.16 8,79(-4) 14, 25 2,59
4,43 7.70 16, 64 1.73
5.89 6,61 18, 74 1,15(-4)
7.61 5,45 20. 79 8,02(-5)
9,71 4,39 23,99 4,51
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TABLE 3.17 DENSITY DATA, ROCKET 8

Density, p (gm /em3)

160

vs
(Corrected) Geometric Altitude, Z (km)
UEIeE Data
__2 p Z P
68. 24 8.23 (-8) 83.59 7.71 (-9)
70,71 5.93 85.82 5,40
73.14 4,14 88.01 3.60
75.53 2.83 90.16 2.42 (-9)
77,88 1.99 95, 36 9.85 (-10)
80.19 1. 34 102,22 4,63
Downle} Data
Z P Z p
105,02 1,02 (-10) 73,03 4,93 (-8)
100, 27 4,52 70,60 7.12 (-8)
98, 30 6.74 (-10) 68.13 1,03 (-7)
96,29 1.02 (-9) 65.62 1.41
93.23 1,81 63,09 2,02
91.12 2,56 59,22 3.10
89.09 3.68 56.60 4,53
86,82 5.34 52,62 7.51
84,61 8.02 (-9) 51,28 8.94 (-7)
82,36 1.18 (-8) 48,58 1.25 (-6)
80,08 1.68 45,88 1,78
77.77 2.43 41,83 3.02
75.42 3.48 (-8) 40,47 3,72
37.82 5.53
Rawinsonde Data
Z p Z P
0.13 1,17 (-3) 10,95 3.78 (-4)
1.54 1.03 (-3) 12,42 3.19
3.18 8.61 (--4) 14,20 2,53
4,44 7.60 16.59 1.77
5.90 6.50 18.66 1.22 (-4)
7.61 5.44 20,71 8.21 (-5)
9.70 4, 39 23,92 4,79
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TABLE 3.18 DENSITY DATA, ROCKET 9

Density, ¢ (gm/cm 3)

vs

Geometric Altitude, Z (km)

Ugleg Data

Z p Z p

21.49 7.80 (-5) 21,71 8,49 (-5)
DownlegtData

YA p VA ]
11,04 2,61 (-3) 17.52 1.35 (-4)
11, 37 2,00 17.83 1.16
12,04 1.50 19.06 1.00 (-4)
12,37 1.44 (-3) 19,54 9.12 (-5)
13,27 9,91 (-4) 19.99 8. 76
14, 37 4,22 20,49 8.00
14,83 3 LT 20,92 7.49
15,69 2,11 21,45 6.96
16,84 1,57 21,74 8.74

Rawinsonde Data

Z p Z P
0.13 4,86 (-5) 10,93 4,61 (-5)
1,53 8,48 (-5) 12, 39 5.52
3,16 1,23 (-4) 14.17 6,60
4,42 1. 80 16,54 7.67
5,88 2,56 18.59 8,72 (-4)
7.58 3,25 20,66 1,04 (-3)
9,67 3.84 23,77 1,18

-----------------
------------
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- TABLE 3.19 TEMPERATURE, 0 THROUGH 115 km, U.S. STANDARD
ATMOSPHERE, 1962

Molecular Temperature, TM(Degrees K)
vs
Geometric Altitude, Z(km)

Y Twm z Tum

0 288.150 60 255,772
5 255,676 65 239,282
10 223,252 70 219,700
15 216,650 75 200,15
20 216,650 80 180,65
25 221,552 85 180,65
30 226.509 90 180,65
35 236,513 95 195,65
40 250, 350 100 210.65
45 264,164 105 235,65
50 270.650 110 260,65
55 265,594 115 310,65

TABLE 3.20 TEMPERATURE, 0 THROUGH 90 km, TROPICAL
ATMOSPHERE (15° N)

Z ™ Z Ty o
0.000 299.65 60.673 250,65
4,009 276.90 64,761 236,65

10,032 236,70 70.898 215,65
14,054 209.90 75.000 201,65
20,096 207.15 80,131 184,15
26,150 223,95 85,272 184.15
30,192 232,75 90,000 184.15

34,242 241,55

40, 320 254,75
46,416 267,95
50,480 270,15
54,556 264.15
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TABLE 3.21 TEMPERATURE DATA, ROCKET 1

Molecular Temperature, Ty (DegreesK)

vs

Geometric Altitude, Z(km)

Upleg Data
64 240,10 88 186,88
68 223,98 92 179,72
72 218,68 96 171,41
76 212,01 100 174,59
80 199,00 104 186,60
84 200,52 108 250,65
Downleg Data
108 250, 65 72 226,08
104 192, 33 68 242,78
100 182,87 64 249.01
96 181,07 60 251,25
92 185,00 56 255,94
88 187.88 52 258,42
84 203,53 48 263,02
80 204, 32 44 264,55
76 215,42 40 264,26
Rawinsonde Data
Z Thi Z T}d
0.09 298,15 10,91 229,15
1.50 288,15 12, 37 218.15
3,13 281,15 14,15 204,15
4,39 274,15 16, 50 199,15
5.84 266,15 18,61 208.15
7.55 256,15 20,70 214,15
9.65 240,15 23.96 224,15

“_ e n_ .

..........
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TABLE 3.22 TEMPERATURE DATA, ROCKET 2

Molecular Terbperature, TM(ﬁegrees K)
Vs
Geometric Altitude, Z(km)

Mean Data —ugoiv;leg

Z TM Z TM

35.4 245,77 71.4 202,78
39.4 245,80 75.4 192,27
43,4 252,78 79.4 188.06
47.4 263,23 83.4 187,18
51.4 265,42 87.4 182,25
55.4 258,85 91.4 179,52
59.4 246,96 95,4 183,07
63.4 231,28 99.4 191,21
67.4 214,43 103, 4 230,65

.TABLE 3.23 TEMPERATURE DATA, ROCKET 3

Molecular Temperature, TM(Degrees K)
vs
Geometric Altitude, Z(km)

Upleg
Mean Data Downleg

VA TM Z TM

38 248, 54 70 216,90
42 254,73 74 209,80
46 269, 31 78 197.80
50 259,32 82 185, 34
54 255,12 86 186, 37
58 249,48 90 185,37
62 237,30 94 192,15
66 227,35 98 210,65
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TABLE 3.24 TEMPERATURE DATA, ROCKET 4

Molecular Temperature, TM(Degrees K)
Vs
Geometric Altitude, Z (km)

Downleg
YA Tv Z TM
32 234,06 72 217, 37
36 242,81 76 207.39
40 256,53 80 199,78
44 264, 30 84 189,71
48 267,79 88 174,82
52 269, 25 92 169. 30
56 262, 26 96 164,95
60 255,89 100 169.19
64 247,81 104 184,20
68 229,68 108 250,65

Rawinsonde Data

Z TM zZ Tid

0.11 300,15 10.98 232,15
1,52 291,15 12,46 220,15
3.15 285,15 14,25 206,15
4.43 277,15 16,64 197,15
5.89 269,15 18,73 207,15
7.61 257,15 20,79 211,15
9.71 242,15 23,99 217,15
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TABLE 3.25 TEMPERATURE DATA, ROCKET §-

Molecular Temperature, T)(DegreesK)
vs
Geometric Altitude, Z (km)

A Tid Z Iid
66 226, 28 90 223,18
70 219,20 94 246,72
74 207, 39 98 252,16
78 196,45 102 265,01
82 198,47 106 272,62
86 199, 35 1i0 285,65
DovnﬂggAData
Z Ihd Z Tid
110 260,65 70 226,18
106 . 225.53 66 243,81
102 211,05 62 250,72
98 206,41 58 266,47
94 210,83 54 271,99
90 212,66 50 267,74
86 198.97 46 269.88
82 192,40 42 266,49
78 196, '4 38 260,85
74 209,40 34 238,99
Rawinsonde Data

Z T}d Z TM
0.12 299 10.9 228
1.52 288 12.4 219
3,15 281 14,2 207
4,41 276 16.5 196
5,86 266 18.6 202
7.57 255 20,6 211
9.65 239 23.9 217
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TABLE 3.26 TEMPERATURE DATA, ROCKET 6

vs

Molecular Temperature, Ty (Degrees K)

Geometric Altitude, Z (km)

-

Ugleg Data
Z 1}4 Z Tid
63 249.1 87 191.9
67 235.6 91 190, 7
71 223,1 95 189.3
75 215,.6 99 188.4
79 210.0 103 196,1
83 203,6 107 220,0
111 270, 0
Downleg Data
Z Tid Z T}d
111 270,0 71 222.0
107 220,0 67 230.0
103 196,.1 63 246.4
99 188.4 59 252, 7
95 189.3 55 261,4
91 190, 7 51 271.0
87 191.9 47 277.6
83 191.4 . 43 270.4
79 200,7 39 268.7
75 209.7 35 256.1
Rawinsonde Data

Z Tid . Z T}A
0.13 298,15 10.9 229,15
1.57 290,15 12,4 219,15
3,21 282,15 14,2 207,15
4,46 275,15 16,6 198,15
5.91 266,15 18.7 202,15
7.61 254,15 20.7 211,15
9,68 237,15 23.9 217,15
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TABLE 3.27 TEMPERATURE DATA, ROCKET 7

Molecular Temperature, TM (Degrees K)
' vs
Geometric Altitude, Z (km)

Ugleg

Mean Data

—~—————— Downleg
Z TM Z TM
40 256,30 76 200,77
44 267.96 80 194.12
48 268, 36 84 187.99
52 272,51 88 196.97
56 268,02 92 ' 197.21
60 266,93 96 202,43
64 . 250,66 100 214,39
68 233,59 104 229,31
72 209.16 108 250.65

Rawinsonde Data

Z T}A Z. Tv
0.11 300 10,98 232
1.52 291 ’ 12,46 220
3.16 285 14,25 206
4,43 277 16,64 197
5.89 269 18.74 205
7.61 257 20,79 211
9.71 242 23.99 217
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TABLE 3.28 TEMPERATURE DATA, ROCKET 8

Molecular Temperature, TM (Degrees K)

vs

Geometric Altitude, Z(km)

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

Upleg Dats

Z TM Z TM
66,5 218,69 86.5 192,81
70.5 213,95 90,5 199.21
74,5 208,92 94,5 195,23
78.5 196,05 98,5 200.49
82,5 192,09 102,5 220,65

Downlgj Data

Z TM Z TM
102.5 220,65 70,5 215,16
98.5 184,35 66.5 228,97
94,5 175,77 62,5 242,53
90.5 181, 28 58.5 253,41
86.5 182,42 54,5 262,18
82,5 188,58 50,5 259,45
78.5 195,78 46,5 253,57
74,5 204,19 42,5 251,71
36.5 256,71

Rawinsonde Data

VA TM Z TM
0.13 298,15 10,95 230,15
1,54 288,15 12,42 218,15
3,18 283,15 14,20 206,15
4,44 275,15 16.59 197,15
5.90 268.15 18,66 200,15
7.61 256,15 20,71 212,15
9,70 238.15 23,92 218,15
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TABLE 3.29 TEMPERATURE DATA, ROCKET 9

Molecular Temperature, Tys (Degrees K)

vs
Geometric Altitude, Z(km)

Downleg Data

Z Tv z Tv
21,6 350,00 21,6 450,00
19.6 376.43 19.6 467,58
17.6 320, 28 17.6 384.15
15.6 275. 86 15.6 319.61
Rawindonde Data

z v A T
0.13 298, 36 10,93 229,66
1.53 287. 36 12,39 216.96
3,16 283. 36 14.17 206.66
4,42 276,06 16,54 196.16
5.88 267. 36 18.59 200.16
7.58 255,66 20,66 208,16
9.67 229.96 23,77 217.96

.............
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TABLE 3.30 PRESSURE, 0 THROUGH 115 km, U.S. STANDARD
ATMOSPHERE, 1962

Ressure, P(mm Hg)

Geometric Altitude, Z (km)

vs

Z P Z P

0 7.60000(+2) 60 1,68649(-1)

5 4,05395 65 8.58545(-2)
10 1,98765(+2) 70 4,14069
15 9.08460(+1) 75 1.8679 (-2)
20 4,14732 80 7,7752 (-3)
25 1.91207(+1) 85 3.0940
30 8.97846(+0) 90 1,2329 (-3)
35 4, 30980 95 5.1013 (-4)
40 2,15375 100 2,2558
45 1.11835(+0) 105 1,0739 (-4)
50 5.98392(-1) 110 5.5163 (-5)
55 3.20664 115 3,0921

TABLE 3.31 PRESSURE, 0 THROUGH 90 km, TROPICAL
ATMOSPHERE (15° N)

Z P Z P
0.000 7.6000(+2) 60,673 1,6612(-1)
4,009 4,7481 64,761 9.4920(-2)

10,032 2,1389 70,898 3.8402
14,054 1,1606(+2) 75,000 1,9974(-2)
20,096 4,1882(+1) 80.131 8,2514(-3)
26,150 1,6296(+1) 85,272 3,2705
30.192 8,9692(+0) 90.000 1,3966(-3)
34,242 5,0472

40,320 22,2134

46,416 1,0120(+0)

50,480 6.1059(-1)

54,556 3,6704

Note: The bracketed number gives the power of ten by which
the initial number is to be multiplied,
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TABLE 3.32 PRESSURE DATA, ROCKET 1

Pressure, P(mm Hg)

Vs
Geometric Altitude, Z (km)

Ugleg Data
Z P _ Z P
64 1.241(-1) 88 2.535(-3)
68 6.944(-2) 92 1.238(-3)
72 3,814 96 5,831(-1)
76 2.054 100 2.706
80 1,071(-2) 104 1.306(-%)
84 5,526(-3) 108 7.447(-%)
Downleg Data
Z P Z P
108 7.825(-5) 72 3,602(-2)
104 1.449(-4) 68 6.534(-2)
100 2.992 64 1.126(-1)
96 6.159(-4) 60 1,920
92 1.255(-3) 56 3,251
88 2,548 52 5,452
84 5,477(-3) 48 9,060(-1)
80 1,047(-2) 44 1.509(+0)
76 1,971(-2) 40 2,503
Rawinsonde Data
Z P Z P
0.09 7.50(+2) 10,91 1.875(+2)
1.50 6,38 12,37 1,500
3,13 5.25 14,15 1.,125(+2)
4,39 4,50 16,50 7.500(+1)
5,84 3,75 18.61 5,250
7.55 3,00 20,70 3,750
9,65 2.25 23,96 2,250

.......
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TABLE 3.33 PRESSURE DATA, ROCKET 2

Pressure, P(mmHg)
vs
Geometric Altitude, Z(km)

Mean Data Upleg

Downleg

Z P Z P

35.4 4,445(40) 71.4 3,143(-2)
39,4 2,567 75.4 1,594(-2)
43,4 1,497 (+0) 79.4 7.936(-3)
47,4 8.898(-1) 83.4 3.909
51.4 5.372 87.4 1,844(-3)
55,4 3,232 91.4 8.890(-4)
59.4 1.914 95,4 4,336
63.4 1,096(-1) 99.4 2,141
67.4 6.002(-2) 103.4 1,142

TABLE 3.74 PRESSURE DATA, ROCKET 3

Pressure, P (mm Hg)
vs
Geometric Altitude, Z(km)

Mean Data Hal_e_g_

Downleg

z P z P

38 2,997(+0) 70 3.969(-2)
42 1,755 74 2,123

46 1,055(+0) 78 1,107(-2)
50 6.365(-1) 82 5,586(-3)
54 3,790 86 2.729

58 2,203 90 1.337(-3)
62 1,277(-1) 94 6.619(-4)
66 7.244(-2) 98 3,401(-4)
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TABLE 3.35 PRESSURE DATA, ROCKET 4-

Pressure, P (mm Hg)

s
Geometric Altitude, Z (km)

Mean Data%
——————" wnie

Z P Z P
32 6.954(+0) 72 3,276(-2)
36 3,973 76 1.741(-2)
40 2,320 80 9,033(-3)
44 1.377(+0) 84 4,534
48 8.302(-1) 88 2.183(-3)
52 5,043 92 9.987(-4)
56 3,049 96 4,510
60 1,818 100 2.040(-4)
64 1.067(-1) 104 9.51_8(-5)
68 5.983(-2) 108 5,073(-5)
Rawinsonde Data
Z P Z P
0.11 7.50(+2) 10,98 1,875(+2)
1,52 6,38 12,46 1,500
3,15 5,25 14,25 1.125(+2)
4,43 4,50 16.64 7.500(+1)
5.89 3,75 18,73 5,250
7.61 3.00 20,79 3,750
9,71 2,25 23,99 2.250

W =
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TABLE 3.36 PRESSURE DATA, ROCKET §

Pressure, P (mm Hg)

vs
Geometric Altitude, Z(km)

Ugleg Data
Z P Z P
66 7.304(-2) 90 1.538(-3)
70 4,011 94 8.764(-4)
74 2.143 98 5,157
78 1.100(-2) 102 3.081
82 5.555(-3) 106 1,878
86 2.833 110 1.168
Downleg Data
z P | z P
110 8.418(-5) 70 4,675(-2)
106 1.457(-4) 66 8,241{ 2)
102 2.681 62 1.404(-1)
98 5.066 58 2.410
94 9,532(-4) 54 3,982(+2)
90 1.763(-3) 50 6.341(-1)
86 3, 341 46 1.046(+0)
82 6,628(-3) 42 1,721
78 1.309(-2) 38 2.864
74 2.525 ) 34 4,888
Rawinsonde Data
_ Z P Z P
0.12 7.50(42) 10.9 1.875(+2)
1.52 6.38 12.4 1.500
3,15 5.25 14.2 1.125
4,41 4,50 16.5 7.500(+1)
5,86 3,75 18,6 5.250
7.57 3,00 20,6 3,750
9,65 2.25 23,9 2.250
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TABLE 3.37 PRESSURE DATA, ROCKET 6

Pressure, P(mmHg)
vs . _
Ceometric Altitude, Z(km)

Ugleg Data

Z P Z P
63 1.073(-1) 87 2,685(-3)
67 6.188(-2) 91 1,347(-3)
71 . 3,458 95 6.725(-4)
75 1,880 99 3,326
79 1.004(-2) 103 1,668(-4)
83 5,260(-3) 107 8.763(-5)

111 5,057
Downleg__gata

Z P Z P
111 5.057(-5) 71 3,776(-2)
107 8.763(-5) 67 6.784(-2)
103 1.668(-4) . 63 1.169(-1)
99 3.326 59 2,040

95 6.725(-4) 55 3,433

91 1.347(-3) 51 5.776

87 2.685 47 9.443(-1)
83 5.357(-3) 43 1.543(+0)
79 1.059{-2) 39 2,545

75 2,032 35 4,246

Rawinsonde Data

Z P yA P
0.13 7.50(+2) 10,9 1,875(+2)
1,57 6,38 12.4 1,500
3,21 5,25 14,2 1,125(+2)
4,46 4,50 16,6 7.500(+1)
5.91 3,75 18,7 5.250
7.61 3.00 20,7 3,750
9.68 2,25 23.9 2,250
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TABLE 3.38 PRESSURE DATA, ROCKET 7

Pressure, P (mm Hg)
vs
Geometric Altitude, Z (km)

MeanData Upleg .

Downleg

yA P Z P

40 2.318(40) 76 1.859(-2)
44 1.385(+0) 80 9,404(-3)
48 8.378(-1) 84 4,655

52 5.104 88 2.332

56 3,116 92 1.189(-3)
60 1,897 96 6.102(-4)
64 1,133 100 3,231

68 6.538(-2) 104 1,777

72 3,558 108 1,025

Rawinsonde Data

Z P Z P

0.11 7.50(+2) 10,98 1,875(+2)
1,52 6.38 12,46 1.500
3,16 5,25 14,25 1,125(+2)
4,43 4,50 16,64 7.500(+1)
5.89 3.75 18,74 5,250
7.61 3.00 20.79 3.750
9,71 2,25 23.99 2,250
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TABLE 3.39 PRESSURE DATA, ROCKET 8

Pressure, P (mm Hg)

ve

Geometric Altitude, Z(km)

Ugleg Data
yA P Z P
66.5 5.179(-2) 86.5 1,951(-3)
70.5 2.810 90.5 9,864(-4)
74.5 1.493(-2) 94,5 5.044
78,5 7.767(-3) 98,5 2.590
82,5 3,908 102.5 1.378
Downleg Data
Z P Z P
102.5 1.283(-4) 70.5 3,405(-2)
98,5 2.501 66.5 6,211(-2)
94.5 5,222(-4) 62.5 1.096(-1)
90.5 1.093(-3) 58.5 1,882
86.5 2,278 54,5 3.161
82.5 4,669 50.5 5,307
78.5 9,273(-3) 46,5 8.735(-1)
74,5 1,802(-2) 42,5 1.490(+0)
38.5 2.542
Rawinsonde Data
Z P Z P
0.13 7.50(+2) 10.95 1.875(+2)
1.54 6.38 12.42 1.500
3,18 5.25 14,20 1.125(+2)
4,44 4,50 16.59 7.500(+1)
5,90 3.75 18.66 5.250
7.61 3,00 20,71 3,750
9.70 2.25 23,92 2.250
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TABLE 3.40 PRESSURE DATA, ROCKET 9

(Ty = 350°K)

Pressure, P (mm Hg)

vs

Geometric Altitude, Z (km)

Downleg Data

(Tm_ = 450°K)
2 F P

Z P
21,6 6.58(+1) 21,6 8.46(+1)
19,6 7.79 19,6 9.68(+1)
17.6 9.45(+1) 17.6 1.13(+2)
15.6 1.19(+2) 15,6 1.38
Rawinsonde Data
YA P Z P
0.13 7.60(+2) 10,93 1,90(+2)
1,53 6.46 12,39 1,52
3.16 5.32 v 14,17 1,14
4,42 4,56 16, 54 7.60(+1)
5.88 3.80 18,59 5.32
7.58 3.04 20,66 3,80
9.67 2.28 23,77 2,28
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BRAG ACCELERATION, FY /SEC®
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CLAPSED Teat, MCONOS )
ROCKET § 9 OCTOBER 1962, LAUNCH TIME 2240 MOURS(LOCAL TIME )

Figure 3.5 Curve of drag acceleration versus elapsed time, Rocket 5.
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Figure 3.6 Curve of drag acceleration versus elapsed time, Rocket 6.
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Figure 3.7 Curve of drag acceleration versus elapsed time, Rocket 7.
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Figure 3.8 Curve of drag acceleration versus elapsed time, Rocket 8.
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DRAG ACCELERATION, FT /sec?
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Figure 3.10 Graph for deriving peak time, Rocket 1,
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DRAG ACCELERATION, FT/ SEC
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Figure 3.11 Graph for deriving peak time, Rocket &
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ORAG ACCELERATION, FT/SEC
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Figure 3,12 Graph for deriving peak time, Rocket 8.
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Figure 3.13 Graph for deriving peak time, Rocket 4,
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ORAG ACCELERATION, FT/SE
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Figure 3.15 Graph for deriving peak time, Rocket 6.
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CHAPTER 4

DISCUSSION

4.1 DENSITY MEASUREMENTS

The results obtained by the fiverockets (Rockets 1, 2, 3, 4,
and 7) measuring the density of the normal atmosphere will be dis-
cussed first, The data are compared with the special Tropical At-
mosphere developed for a latitude of 15°, However, this model
terminates at 90 km. Above that altitude the data are compared
with the U,S,Standard Atmosphere, 1962, which was developed
for a latitude of 45°, with the realization that at the latitude of
Johnston Island there will be some deviation fro.m this model.

The agreement of the experimental data with the models is,
in general, good. However, there are some important differences.
The density measured by Rocket 1 (1800 hours, 1 June 1962)agrees
well with the Tropical Atmosphere below 60 km (Figure 3, 20).
Above that altitude the measured density is higher, and between
90 and 100 km the difference with the U, S, Standard is more than
fiity per cent,

On Rocket 2 (2230 hours, 19 June 1962) the measured density

is slightly higher than the Tropical Atmosphere near 40 km, but
lower (by as much as twenty per cent) between 70 and 90 km
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(Figure 3,21)., Some of the higher altitude measured points were
omitted from the figure., The highest altitude at which 2 measure-
ment was made during the upleg of the flight was 104,4km, where
the density was 1,68 x lO'logm/cms.

The density on Rocket 3 (2230 hours, 8 July 1962) is close to
that of the Tropical Atmosphere below 60 km, but lower (by as much
as fifteen per cent) between 60 and.90km (Figure 3,22), The den-
sities measured by Rockets 2 and 3, at the same time of day nine-
teen days apart, are surprisingly similar,

The density measured by Rocket 4 (1920 hours, 23 July 1962)
is close to that of the Tropical Atmosphere at all altitudes up to
80km (Figure 3.23). Between 80 and 90 km, it is higher than this
model. The measured values are higher than the U.S, Standard At-
mosphere up to 103km., They cross the Standard at that altitude
and then become lower.,

The results of the above four measurements made during
June and July indicate good agreement with the Tropical Atmosphere
up to about 60 km, At higher altitudes, in the late afternoon (1800-
1920 hours), the densities are higher than the models up to about

105 km but cross to lower values above that altitude, The evening

measurements (2230 hours) indicate lower densities than the Tropical
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Atmosphere between 60 and 90 km, with values near the U, S,
Standard between that altitude and about 96 km above which altitude
the measured values become lower than the Standard,

The only other measurement of the normal atmosphere,
Rocket 7, was made at 2300 hours, 29 October 1962, Up to 70 km
the measured density is very close to that of the Tropical Atmos-
phere (Figure 3, 26), Above that altitude the density is higher than
the model, Between 90 and 110 km the density is about twenty five .
per cent higher than the U,S, Standard, The observed densities
above 70 km are different from those measured at the same time
of day in June and July but, with only one measurement, it is not
possible to state that this is due to 2 variation with season,

The results obtained with Rockets 5, 6, 8, and 9 fired shortly
after nuclear detonations will now be discussed, First there was
a significant difference between the upleg and downleg data in eac;h
case. This is not surprising,since perturbations were induced in
the atmosphere,and these were a function both of position and
time, each of which varied during the flight of the sphere.

Rocket 5 was fired at H + 10 minutes (2240 hours, 19October
1962) following Check Mate, On the upleg of the flight,measure-

ments were made between approximately H + 11 and H + 12 minutes
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and on the downleg between approximately H+ 15and H + 16

minutes, Figure 4,1 shows the horizontal trajectory of the rocket.

Rocket 6 was fired at H + 15 minutes (0015 hours, 26 October
1962) on Blue Gill Triple Prime. On the upleg of the flight,meas-
urements were made between approximately H+ 16 and H + 17

minutes and on the downleg between approximately H + 20 and H +
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21 minutes. Figure 4.2 shows the horizontal trajectory of the

rocket,

At the altitude of ejection (64 km) the density was fifteen per
cent less than the Tropical Atmosphere model. This deviation
gradually became:less at higher altitudes until it was zero near
84 km (Figure 3,25), Between that altitud;_;. and 108 km the
measured densities were higher than the models, The increase
over the U, S,Standard Atmosphere between 90 and 100 km was
approximately thirty per cent. The downleg density was likewise
higher than the models between 108 and 80 km. Below 80 km the
density was quite close to that of the Tropi-cal Atmosphere,

Rocket 8 was fired at H + 10 minutes (0220 hours, 1 November
1962) on King Fish, Measurements were made on the upleg of the
flight between approximately H+ 11 and H + 12 minutes and on

the downleg between approximately H + 15 and H + 16 minutes.
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The horizontal trajectory of the rocket is shown in Figure 4.3,
Because of the large horizontal distance of the King Fish detona-
tion from Johnston Island (70.91 km), it was not possible to
approach it very closely without sacrificing unduly the altitude
reached by the rocket. A slight compromise was made by reducing
the launch elevation angle to 83°, Nevertheless, tl_:e horizontal
distance of the peak of the rocket flight from the detonation point
was 49,0 km, It should be noted that in the case of all firings
following nuclear detonations the azimuth of the Falling Sphere
rocket was less than that of the detonation (about 193° true). This
was the result of a structural limit on the launcher, plus the effect
of prevailing winds during launch, Each of the Rockets 5, 6, 8,
and 9 were fired at as large an azimuth as possible with the avail-
able launch equipment,

The density measured between the altitude of ejection (68 km)
and 90 km was thirty per cent less than the Tropical Atmosphere
model. The deviation, compared with the U, S, Standard Atmos-
phere, became zero at 103 km (Figure 3,27). The density measured
on the downleg agreed with the U, S,Standard between 105 and 90 km.
In the range 90 to 65 kinthe density was approximately fifteen per

cent below the Tropical Atmosphere, Between 65 and 38 km the de-
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viation steadily diminished to zero.

Rocket 9 was fired at H + 4 minutes (2134 hours, 3 November
1962) after the Tight Rope detonation. It was planned to be a nor-
mal Nike-Cajun flight. i-lowever, the Cajun motor did not ignite.
This resulted in a normal ballistic flight, but with considerably
reduced velocity and peak altitude. Because of the low detonation
altitude of Tight Rope this was a fortunate occurrence,and
the data obtained is probably more interesting than would have
been obtained with a flight to the normal peak altitude., Measure-
ments were made between H + 4 min 52 sec and H + 6 min 20 sec.

The horizontal trajectory of the rocket is shown in Figure 4,4

Note the sharp deviation caused in the sphere
trajectory as it passed near the location of the fireball. This is
a conspicuous effect of the detonation. Figure 4.5 contains a plot
of the sphere altitude as a function of time after lawnch of the rocket.

Figure 3,28 shows the measured densities compared with the

Tropical Atmosphere and Rawinsonde measurements made shortly

before the nuclear test.
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Devia-
tions of this type have been observed at very low altitudes with pre-
vious flights by the University of Michigan, On the other hand, it
is possible that the apparently large densities are due to additional
accelerations received by the sphere due to air motions induced by
the fireball, Note that these spurious values occurred in the region
where the sphere trajectory was sharply deviated.

4.2 ATMOSPHERIC TEMPERATURE

Atmospheric temperatures deduced from density data for
Rockets 1, 2, 3, 4, and 7 are plotted in Figures 3,29, 3,30, 3.31,
3.32, and 3,35, respectively, These constitute the measurements
of the temperature of the normal atmosphere., The temperatures
deduced from the upleg and downleg data for Rocket 1 are slightly
different, Presumably,the mean of these data gives the best
measurement of the ambient at the time. Note that the temperature
minimum, which lies between 80 and 90 km in the models, is
found to be higher in altitude, lying between 90 and 100 km, and
lower in value, approximately 176.5 *K, This also results in

changes in the temperature gradients above and below the tempera-
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ture gradients above and below the temperature minimum, In ad-
dition, there are differences between the observed temperatures

and models near the temperature maximum at 50 km, The observed
Rawinsonde temperatures were relatively close to those of the Tropi-
cal Atmosphere model.

The measurements of Rocket 4 were made at approximately the
same time of day (late afternoon) and year (June-July) as those of
Rocket 1,and the temperatures are surprisingly similar, The high-
altitude minimum again occurs between 90 and 100 km, with a
value of 165°K. The temperature maximum at 51 km is very close
to the value of the Tropical Atmosphere,

The measurements of Rockets 2 and 3 were also made during
June-July, l;ut later in the evening (2230 hours)., The upper three
temperatures of Rocket 3 should be corrected as follows, The
temperatures at 98 km should be lowered by 6°K to 204, 7°K, at
94 km by 1.3°K to 190.9°K,and at 90 km by 0v3*K, The tempera-
ture profiles from the two measurements are very similar to each
other and the Tropical Atmosphere. The low temperatures be-
tween 90 and 100 km observed in the late afternoon have dis-
appeared. However, the temperatures below 85 km tend to be

lower in the evening than in the late afternoor.
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The other measurement of the normal atmosphere was Rocket
7 (2300 hours, 29 Octobex;). The temperatures are similar to
those of Rockets 2 and 3 measured at'the same time of day but in
June-July, However, in the range of measurement the tempera-
ture varied from 5 to 15°K warmer,

The temperatures measured after nuclear detonations are
shown in Figures 3,33, 3,34, 3,36, and 3.37. The deviations of
the temperatures.from the U, S,Standard Atmosphere and the
Tropical Atmosphere, respectively, are shown in Tables 4.1, 4.2,
4,3, and 4.4,

Below 80 km the temperatures measured by Rocket 5 are al-
most identical with those of Rocket 7, which is used for compari-
son. However, above that altitude,there was a temperature in-
crease ranging from 5° to 50°K at early times after the detonation,
At later times (downleg) this temperature increase had largely
disappeared. That the perturbation is restricted to above
is reasonable when it is remembered that the detonation took place
at an altitude of

The temperatures measured by Rocket 6 show an increase in
temperature between 35 and 50 km and indicate the atmosphere

above 70 km appeared to have been raised by the detonation.
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Some settling of the atmosphere back toward normal between the

time of the upleg and downleg curves can be seen in Figure 3, 34,

Relatively little change in the temperature was detected by
Rocket 8. This is probably due to the comparatively large distance

that this rocket was away from the detonation point,

Rocket 9 passed very close to the Tight Rope detonation point.
Thus, large perturbations would be expected and were observed.
It is difficult to be sure what the actual temperature was near the

fireball,
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Taking into account the trajectory of the
sphere, relative to the fireball, it is believed that the tempera-
ture distribution obtained with TMr equal to 450°K is the mo.st
- accurate solution,

4.3 PRESSURE RESULTS

The pressure measurements of the normal atmosphere are
shown in Figures 3.38, 3,39, 3,40, 3.41, and 3,44, The data
_are compared with the Tropical Atmosphere to 90 km and with
the U.S, Standard Atmosphere between approximately 85 and 110 km,

The pressures measured by Rocket 1 are slightly higher than
the models throughout the range of measurement, The biggest
differe_nces occur between 80 and 95 kin where the increase lies
between thirty and forty per cent. The shape of the pressure
curve determined by Rocket 4 is similar to that of Rocket 1, but the
pressures are lower, The pressures of Rocket 4 agree closely with
those of the models except for a small increase ranging from five
to fifteen per cent, between 75 and 95 km.

The pressure curves obtained from Rockets 2 and 3 are similar
to each other, but different in shape from those of Rockets 1 and 4.
The pressures of Rockets 2 and 3 are the same as the Tropical At-

mosphere at low altitudes (up to about 55 km) but become less at
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higher altitudes., The reduction is fifteen per cent for Rocket 2
at 90 km and eight per cent for Rocket 3 at 70 km.

The final measurement of the natural atmosphere was made
by Rocket 7, at approximately the same time of day as Rockets 2
and 3 but later in the year., The Rocket 7 pressure curve is simi-
lar in shape to those of Rockets 2 and 3, but there are differences
in the numerical values, Again, at altitudes up to 55 km the pres-
sures agree with the Tropical Atmosphere, but above that alti-
tude the pressure becomes relatively higher with increasing
altitude, The increase, relative to the U, S, Standard Atmosphere,
is forty per cent at 108 km.

Rocket 5 measured the atmospheric pressure a short time

after the Chéck Mate detonation, *

The pressures measured after Blue Gill Triple Prime are
shown in Figure 3,43, At the altitude of ejection the pressure

was less than the Tropical Atmosphere. The reduction became
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less until it was zero at 84 km, Between that altitude and 110 km
the measured pressures were higher than the models, The down-
leg data was similar to the upleg data down to 80 km, Between

that altitude and 40 km it was close to the Tropical Atmosphere,
Below 45 km the measured pressures were slightly lower than

the model. Any perturbations produced by the nuclear detonation
were small in this case, but it should be remembered that the
measurements were made at relatively late times (16 to 21 minutes)
after the nuclear detonation,

Rocket 8 measured the atmospheric pressure following King
Fish (Figure 3,45). The pressure at the altitude of ejectior. was
about forty per cent less than the Tropical Atmosphere., This
reduction slowly became less at higher altitudes until it wes about
ten per cent (compared with the U.S, Standard Atmosphere) at
103km. The pressure measured on the downleg was the same
as on the upleg at 103km. It increased relatively until it was
the same as the U. S, Standard at 90 km, Between 90 and 35 km
the pressure varied from ten to twenty per cent below the Tropi-
cal Atmosphere, These pressure deviations are similar to those
in the density.

It is interesting to note that for Rocket 6 little change was
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T e e s .

obeerved in the pressure, but significant temperature changes
were detected. On the other hand, for Rocket 8 important pressure
changes were detected, but little change in the temperature was
observed. For Rocket 5 significant changes in both temperature
and pressure were measured,

The pressures measured by Rocket 9 following Tight Rope, are

shown in Figure 3,46,
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TABLE 4.1 TEMPERATURE DEVIATIONS, ROCKET §

Temperature Deviations

® *xk
z. m TM, .K ATMS’ K ATMT’.K
Upleg Data ¥

110.0 285.7 +25.0

106.0 272.7 +32.0

98.0 252,2 +47.5

90.0 223.3 +42,6 +39.1

86.0 199.4 +18,7 +15,2

74.0 207.4 + 3,3 + 2,2

66.0 226,2 - 9.2 - 6.3

Downleg Data

110.0 260,17 0.0
106.0 255.5 -15,2
94,0 210.8 +18.1
90,0 . 212,17 +32,0 +28,5
86.0 199.0 +18.3 +14,8
74.0 209.4 + 5.3 + 4,2
66.0 243,.8 + 8.4 +11,3
54,0 272.0 + 4.4 + 6.8
34,0 239,0 - 5,3 - 2,1

* ATy is the temperature deviation from the U.S.Standard
Atmosphere, 1962
*x ATMT is the temperature deviation from the Tropical Atmos-
phere model.
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TABLE 4.2 TEMPERATURE DEVIATIONS, ROCKET 6

Temperature Deviations

Z, km TM’ ‘K ATMS,"( ATMT,'K
Upleg Data
111,0 270.0 0.0
107.0 220,0 -25,7
103.0 196.1 -29.6
95.0 189.3 - 6.4
90.0 191,0 +10.3 + 6.8
83.0 203,6 +22,9 +19.4
.75.0 215.6 +15.4 +13.9
71.0 223,1 + 7.3 + 7.8
63.0 249.1 + 2.0 + 6.4

Downleg Data

111.0 270, 0 0.0
107.0 220,0 «25,7
103,0 196, 1 -29.6

95,0 189,3 - 6.4

90.0 191.0 +10,3 + 6.8
83.0 191, 4 +10.7 + 7.2
75.0 209.7 + 9.5 + 8.0
71.0 222,0 o+ 6,2 + 6,7
63,0 246.4 - 0.7 + 3,7
47,0 277.6 + 7.9 + 7.4
35,0 256.1 +19.6 +12,8
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TABLE 4.3 TEMPERATURE DEVIATIONS, ROCKET 8

Temperature Deviations

Z, km Ty °K A'I‘Ms. ‘K ATMT,'K
Upleg Data
102,5 220, 7 - 3,2
98.5 200,5 - - 6.1
94.5 195, 2 + 0.6
90,5 199.2 +18.5
86.5 192,8 +12.1 + 8,6
78.5 196.1 + 9.6 + 6.4
74.5 208.9 + 6.8 + 5.5
66.5 218.7 +14.7 -12,0
Downleg Data

102,5 220,7 - 3,2
98.5 184.4 -22,2
94.5 175,8 -18.8
90.5 181,3 + 0.6
86.5 182.4 + 1.7 - 1,8
78.5 195,8 + 9.3 + 6.1
74.5 204,2 + 2.1 + 0.8
66.5 229,0 - 4.4 - 1,7
62,5 242,5 - 6.6 - 1.9
54,5 262,2 - 4.4 - 2,1
46,5 253,6 -14,7 -14,2
36,5 256, 7 +16.1 +10, 2
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TABLE 4.4 TEMPERATURE DEVIATIONS, ROCKET 9

Temperature Deviations -

Z. km TM. .K ATMS. .K ATMT. .K

Downleg Data(TM, = 350.0 *K)

21.6 350, 0 +131.8 | +136.4
19.6 376.4 +159.7 +171.2
17.6 320.3 +103,6 +119.1

15,6 275.9 +59. 2 +76.0

Downleg Data (TMr = 450°K)

21.6 450, 0 +231.8 +236.4

19.6 467.6 +250.9 +262.4

17.6 384. 2 +167.5 +183.0

15.6 319, 7 +103.0 +119.8
244
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The four measurements of the properties of the normal at-
mosphere (density, temperature, and pressure) made during June
and July indicate a diurnal variation, within the altitude range 35 to
110 km. One measurement of the normal atmosphere made in
October suggests that there is a seasonal variation, but more
measurements are required to confirm this, The preceding results
are of considerable value for the accurate analysis of shock propa-
gation, X-ray deposition,and other data obtained during Fish Bowl,

Measurements were made shortly after four hiéh-altitude
nuclear detonations, Large changes in the atmospheric properties
were detected after Check Mate and very large changes after Tight
Rope, Smaller perturbations were detected after Blue Gill and
King Fish, Although the changes were complicated, they are
primarily due to heating of the atmosphere, Most of the variation
in the effects was due to differences in the time of measurement
and location of the rocket relative to the fireball, These are sum-

marized in the following table,
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Approx. Distance

Event Time of Measurement from Detonation
I {minutes) (km)
Check Mate H+11=12, H+15+16 75
Blue Gill H+ 1617, H+ 2021 45
King Fish H+11+12, H+15+16 50
Tight Rope H+5+6 0.6

The reason for the very large deviation after Tight Rope was ob-
viously due to the measurement being made very close to the fireball
at an early time after the detonation. The reason for the large pertur-
bation measured after Check Mate is less obvious. However, it is
believed that the persistent perturbation was due to the large amount
of debris that was formed in this test and deposited in the altitude
region

It is recommended that in future high-altitude tests a more com-
plete measurement of the post-detonation properties of the atmos-
phere be obtained by firing Falling Spher;rockets at approximately
the following times:

60 minutes

1 minute

5 minutes

I & o I
+

+ 15 minutes
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