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COVER PHOTOGRAPH

One of the reasons for conducting this radiation experiment
in the tropics was to determine the absorption of solar radiation
in the atmosphere and then to parameterize this absorption by
means of earth radiance values measured by earth orbiting satellite.
This photograph shows the great variability of cloud organization
in the tropics and the need for such parameterization if our study
shows it is feasible.

The picture was obtained by ATS-III on July 26, 1969 at
1351 GMT and was recorded in analog form on magnetic tape at the
NASA ground station at Rosman, North Carolina. The picture negative
was obtained from the analog tape through a precision display device
at the Space Science and Engineering Center, University of Wisconsin.
The grid was produced by the National Environmental Satellite Center
of ESSA. The lower left corner of the picture is at 0°N, 70°W and
the solid white lines are at 10° latitude — longitude intervals. An
excellent registration of the grid was obtained om the Windward
Island chain and also the coast of Africa (not shown in this enlarge-
ment).

The BOMEX array, in which most of our flights were obtained, is
shown as a square (500 km on a side) between 40 and 50°W longitude.
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I. INTRODUCTION

From the low-resolution radiometer experiments on the first genera-
tion satellites, it has been learned that more solar energy is absorbed
by the earth atmosphere system in the tropics than was previously
thought. S This is based solely on satellite measurements, which
gives no indication of whether this additional energy is absorbed pri-
marily in the ocean or in the atmosphere. It is important to know where
this absorption occurs because it has been generally thought that solar
energy absorption by the atmosphere is a relatively small term among
the other atmospheric energy terms. However, this assumption is based
on early theoretical calculations and has not been verified experimentally.

Because of the possibility that solar energy absorption may be larger
than previously thought, a review paper titled "Scientific Objectives and
Data Requirements for Radiation Studies during BOMEX, " was written for
the BOMEX planning staff in March, 1968 by the four investigators of
this report. This review paper is included in the appendix for background

information.

1
House, F. B., 1965: Radiation Balance of the Earth from a Satellite,
Ph. D. thesis, Department of Meteorology, Univ. of Wisconsin.

2Vonder Haar, T. H., 1968: Variations of the Earth's Radiation Budget,
in Meteorological Satellite Instrumentation and Data Processing, Final
Report on NASW-65, 1958-68, Department of Meteorology, University
of Wisconsin.



As a result of this earlier paper, the BOMEX Project Office in
January 1969 began to make plans to include an aircraft-based, solar
radiation program in the BOMEX experiment. As a part of the radiation
program, a real time satellite data receiving system was developed to
receive cloud pictures on Barbados for operational planning of aircraft
flights. On April 1, 1969, the Wisconsin Radiation Program of BOMEX
was funded jointly by NSF and ESSA under grants GA-12603 and
E22-113-68(G).

A field program was carried out on Barbados from May 1 - July 31,
1969. The operational results of this program and the instrumentation
are described in this report. The scientific results are not completed
because data processing has just begun. However, some data (cal-
culated from notes obtained on the flights) are pres ented in a following
section. A proposal has been forwarded to NSF for funds to complete

the data reduction.



II. FIELD PROGRAM RESULTS DURING BOMEX

The objective of the Wisconsin Radiation Program in BOMEX was to
obtain direct measurements of the absorption of solar radiation in the
atmosphere. Two basic modes of observation were used in order to ob-
tain these measurements. One mode was to fly multiple aircraft in a
vertical array in order to measure the absorption directly. A second
mode was to fly a vertical profile with a single aircraft. These two
modes of observation are discussed separately in the following para-
graphs.

The first mode of observation was to fly multiple aircraft in a con-
figurationas showninthe example of Figure 1. This illustrates that two
aircraft with nearly identical speeds have taken off from Barbados and
rendezvousedata cruising altitude of perhaps 4,000 ft. At this altitude
they have flown formation as close as possible, perhaps a horizontal
separation of 500 to 1,000 ft., over parallel flight tracks for perhaps
5 minutes. This provided a comparison between the sensors of each
aircraft. At the end of this comparison leg, the aircraft have separated
and flown at two different altitudes, one directly over the other as
shown in Figure 1. This configuration is the data taking leg. At the
end of this data leg, the aircraft have again rendezvoused at a convenient
altitude, perhaps 4,000 ft., at which time they have repeated their

3
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Figure 1. Typical flight contiguration (mode 1) for obtaining direct
measurements of solar radiation absorption. The RFF
aircraft were used in this flight configuration because
of their nearly matched speeds and capability for long
flight.



formation flight for a comparison of the instruments. At the termina-
tion of this comparison leg the aircraft again have separated for another
data taking leg. This procedure provides a comparison of the instrument
before and after each data leg.

The RFF aircraft of ESSA were used in this first mode of observa-
tion (Figure 1). Two DC-6 and one DC-4 aircraft of the Research Flight
Facility (RFF) were instrumented with Eppley precision pyranometers.
These aircraft flew missions supporting the Wisconsin Radiation Ex-
periment on 6 days during BOMEX. A total of 25 useful hours were flown
covering approximately 5,000 miles of flight track. An RFF DC-6 is
shown in Figure 2 in typical formation flight of a sensor comparison leg.
A wide range of cloud types and organizations were sampled in the first
mode of observation.

A second mode of observation was to fly vertical profiles using a
single aircraft. The Queen Air aircraft of NCAR was used for this pur-
pose. Typical flight configuration is shown in Figure 3. This shows
how the flight track was planned to allow the Queen Air to drift westward
while flying a vertical profile from 20,000 to 200 ft. We obtained verti-
cal profiles on 19 days with the Queen Air. On a normal day two or
three vertical profiles could be obtained. Data from these vertical pro-
files will provide much greater vertical resolution on the absorption in

an atmospheric column than do data obtained in the first mode using



Figure 2.

A DC-6 of the Research Flight Facility of ESSA is shown on a
flight mission for the University of Wisconsin Radiation
Measurement Program. Precision radiation sensors were in-
stalled on top and bottom of this and other RFF aircraft. The
normal mode of observation was to fly one aircraft directly
over the other separated by many thousand feet, in order to
measure the absorption of sunlight and the layer of atmosphere
between the two aircraft. Measurements from 1 to 12,000 feet
were obtained in this manner.
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Figure 3. Typical flight configuration (mode 2) for obtaining vertical
profiles with a single aircraft. The NCAR Queen Air aircraft
was used exclusively in this configuration.



the RFF aircraft. An illustration of the Queen Air aircraft is shown in
Figure 4.

Mainly cloud-free sky conditions were sampled with the single
aircraft mode of observations, because heterogeneous cloud distribu-
tions (cr types) are not amenable to this type of sampling. During such
clear sky flights, a variety of turbidity conditions were encountered.

The NASA Convair 990 was instrumented by Mr. Andrew Drummond
of Eppley Laboratories with radiation sensor identical to those in the
Wisconsin Radiation Experiment. Since some missions were flown
jointly with the NASA 990 and RFF aircraft, it is possible to combine
the data from both experiments during overlapping portions of the flight
track in order to provide a measure of atmospheric absorption over a
wider vertical range. Mr. Drummond has kindly indicated he would
make the NASA data available for analysis during those times of inter-

est. A picture of the NASA 990 is shown in Figure 5.



Figure 4.

The Queen Air aircraft of NCAR. This aircraft was instru-
mented with Eppley pyranometers on top and bottom of the
aircraft. The upper instrument was mounted on top of the
fuselage between the two small air scoopers. The lower
instrument was mounted on the rear (flat) deck just forward

of the tail assembly.




Figure 5.

10

The NASA Convair 990 aircraft on which Eppley Laboratory
has installed up and down-facing precision pyranometers.
The radiation program, under Messrs. Drummond and Hickey,
conducted a small number of joint flights with the (Wisconsin
Radiation Program) RFF aircraft flights during BOMEX.



III. INSTRUMENTATION

1. Radiation Program

Each of the three RFF aircraft and the NCAR Queen Air were instru-
mented with an Eppley high precision pyranometer on top and bottom of
the aircraft. This pyranometer, shown in Figure 6, has double ground
hemispheres to improve the cosine and azimuthal response of the instru-
ment. The instrument is also temperature compensated to within + 1%
over the range -20 to +40°C. The instrument on top of the aircraft was
used in an upright position, whereas the instrument below the aircraft
was used in an inverted position. Figure 7 shows an example of the
installation of an Eppley pyranometer on the lower side of a DC-6. The
instrument has been mounted on a pylon about 12 inches from the fuse-
lage in order that the instrument would not '"'see'' portions of the aircraft.
Those parts of the aircraft which were still visible from the instrument
were painted black, as shown in the top right of Figure 7. There was
a minor problem with desiccate collecting in the hemispheres of the
Jlower sensor due to vibration of the aircraft causing shredding of the
otherwise coarse desiccate material. This situation was corrected by
placing cloth filters around the desiccate holders.

A simplified block diagram of the pyranometer recording system is
shown in Figure 8. On the left side of the illustration are the pyrano-

11
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Eppley precision pyranometer to measure solar irradiance

Figure 6.
from the hemisphere above the sensor. These instruments

were used on the RFF aircraft, the Queen Air of NCAR and
the NASA 990. The instrument is temperature compensated.
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Figure 7. An Eppley precision pyranometer is being installed on the
bottom of an RFF DC-6 aircraft.
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tion Experiment.
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meter sensors. The output of these sensors is applied to an opera-
tional amplifier, then to a digital voltmeter, a logic decoder and a
paper tape printer. A calibration device was built into the system

to apply, periodically, a standard 10 millivolt input to the operational
amplifiers. The output of this calibration signal was also printed out
by the paper tape printer. The resolution of the system was approxi-
mately 1 part in 2, 500.

The Wisconsin Radiation Experiment recording system was com-
pletely independent of the RFF digital recording system. Our recording
system was installed as a single unit on the aircraft, although the
operational amplifiers were located as near as possible to the pyrano-
meters. Figure 9 shows a typical installation of our recording system
on a RFF DC-6. The equipment was located in front of an observer seat
which had a small window adjacent to the seat, as shown on the extreme

left of Figure 9.

2. Real-time Satellite Data Receiving System

A real-time satellite data receiving system was also established at
BOMEX Field Headquarters to support the radiation program. This equip-
ment was installed in early May, 1969 and operated through July, 1969.
Figure 10 shows the installation of the remotely controlled APT antenna
on the roof of the BOMEX Operations Building on Barbados. Figure 11

shows the modified APT receiving set used to record the data.
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Figure 9. The data logging system for the Wisconsin Radiation Experi-
ment installed on an RFF DC-6 aircraft.
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Figure 10.

The APT (satellite receiving) antenna being installed on the
BOMEX Operations Building on Barbados during May, 1969.
This antenna is remotely controlled by operators within the
building using computer computations of the orbital position
of the satellites. The ESSA satellites in 0900 and 1500 local
time orbits were read-out daily, as well as the NIMBUS III
satellite at noon and midnight local time. Pictures were also
received from the ATS-III satellite which was nearly station-
ary over Barbados but drifting slowly eastward during the
BOMEX observation period.
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Figure 11. The University of Wisconsin satellite receiving system
installed in the BOMEX operations building on Barbados.
This equipment was operated during May, June and July,
1969, received the passing satellite data and stored them
on magnetic tape. The data were played back on a photo
recorder to produce the final satellite picture. These
satellite pictures served as the basis for real time decisions
on sending aircraft into the BOMEX array.
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A block diagram of the APT receiving equipment is shown in
Figure 12. The tunable cavity was tuned to the transmitting frequency
of each ESSA or NIMBUS satellite andalso to the VHF frequency of
ATS-III, by means of the reference transmitter. The synchronous de-
tector was necessary to eliminate high-frequency noise on the satel-
lite signal. The normal operating procedure on Barbados was to record
the picture on tape in real-time using the synchronous detector and
then produce pictures with the photorecorders by playback from the
tape, immediately after the satellite pass.

The synchronous detector is shown in greater detail in Figure 13
because it is a unique feature of the receiving system. The synchro-
nous detector receives a noisy AM signal of 2400 Hz carrier frequency
and 1600 Hz bandwidth from the receiver. The phase locked loop pro-
duces a clean carrier which is locked to the incoming satellite carrier
frequency. This is mixed with the noisy AM signal in the demodulator
to produce a video signal which contains high-frequency noise. The
signal is low pass filtered to produce a clean video signal, which then
modulates, the clean carrier to produce an improved AM signal which
is recorded.

Real-time satellite pictures were received from the ESSA satellites,
from NIMBUS and from a retransmission of the ATS-III picture obtained

at the NASA ground station at Rosman, North Carolina. All of these
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pictures (approximately 500) were received at our ground station on
Barbados, gridded and made available to other scientific experimenters
in BOMEX.

The ATS-III data were also recorded on magnetic tape in analog
form at the ground station at Rosman, North Carolina. A technician
from the University of Wisconsin was assigned to the NASA ground sta-
tion to assist NASA in obtaining quality recording of the ATS-III analog
data during the entire period of BOMEX. * A catalog of the resulting
ATS-III analog picture data for BOMEX is included as Appendix B of this
report. The first three pictures of the catalog are a "quick look" sum-
mary of the number of ATS-III pictures recorded each hour. The catalog
follows these three pages.

The ATS-III analog data are archived at the University of Wiscon-
sin because Prof. Verner Suomi of the University of Wisconsin is the
principal investigator of the ATS-III SSCC experiment. Data can be
obtained (at cost of reproduction) by writing to the Space Science and

Engineering Center, University of Wisconsin, Madison.

ﬂ‘Funding for this technician was provided by the BOMEX Project Office,
under ESSA Contract E-137-70(N).



IV. PRELIMINARY SCIENTIFIC RESULTS

There are very few scientific results at this time because analysis
of the data has just begun. However, from flight notes of the pyrano-
meter measurements we have made a few calculations of the heating
rate under certain meteorological conditions. In the top section of
Figure 14 is shown the radiation profile for Queen Air flight number 56,
obtained on July 3, 1969. The right hand side of the illustration shows
as a solid line the downward irradiance obtained on that Queen Air
flight. In the left side of the illustration is shown the upward irradiance
as a solid line. These data are normalized to local noon. Using these
data the resulting heating rate has been calculated and is shown in the
bottom left section of Figure 14. It is seen that the heating rate of ap-
proximately 0.1 degrees centigrade per hour is observed from the sur-
face to near 700 millibars. At this time there was a dust layer from
about 8,500 to 12,000 feet which caused a marked change in the up-
ward and downward irradiance profiles, but did not increase the heat-
ing rate. In Figure 15 this dust layer can be seen extending from near
the coast of Africa to the area north of South America. Presumably it
is drifting westward toward the Lesser Antilles. Flight No. 56 was ob-
tained approximately 50 miles south of Barbados on the leading (western)
edge of the visible dust layer in Figure 15.

23
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the NCAR Queen Air and NASA 990 near Barbados in July,
1969.
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Figure 15. ATS-III picture on July 3, 1969. The coast of Africa is vis-
ible in the right hand portion of the picture. The broad
semibright area visible in the central Atlantic Ocean is
apparently a dust layer from Africa which is drifting west-
ward with the trade winds.
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A two-level radiation profile was obtained by the NASA Convair
990 on July 13, 1969.* This is shown as a dash line in the top of Fig-
ure 14. Measurements were obtained at or near 300 and 1,000 milli-
bars. The calculated heating rate is shown on the bottom right of
Figure 14. It can be seen that the resulting heating rate is near 0.13
centigrade per hour, again, normalized to local noon. There is no in-
formation on the vertical distribution of heating between these two
levels, however. Nevertheless, this flight tends to verify the heating
rate obtained by the Queen Air with Eppley sensors of the same type
but a completely different data recording system.

The NASA 990 profile on July 13 indicates the fractional absorption
by the atmosphere was 21% (not including O; absorption). This is
higher than London's zonal estimate for 0 to 20 north of 14%. It re-
mains to be seen whether the absorption of 21% is typical of other
conditions near the Barbados and also of other areas of the tropics.
The suggestion of the data analysed so far is that the absorption may
be higher than previously thought, at least in regions of high turbidity,

if not other areas as well.

*Eppley Laboratory Program of Messrs. Drummond and Hickey.



V. STUDENTS SUPPORTED BY THIS GRANT

Mr. John Young, a Master of Science candidate in the Department
of Meteorology of the University of Wisconsin, was partially supported
on this grant during the period of BOMEX and was on Barbados during
nearly all of the experiment. Mr. Young supervised the APT Station and
the Air Force (AWS) personnel who operated the station. He also as-

sisted in the observational phase of the aircraft radiation program.

27



VI. EQUIPMENT
Equipment Purchased on NSF Grant GA-12603

US Serial
Quantity Number(s)
Defense Electronics Receiver RF 136-TR-711 1 11386
Voltmeter Digitec 2 11315
11316
Plug in Voltmeter, Digitec Model 251-1 2 11317
11318
Tunable Cavity 132 to 174 MHz 1 -
Motorola TU312H
(damaged in transit returning from Barbados)
Equipment Obtained on Loan from ESSA (NESC)
Muirhead Photofax Receiver D-700-SM
No. 355129
NASA 47477
Muirhead Photofax Power Supply D-700-SS
No. 356313
NASA 47478
Muirhead Mufax 11" Picture D-610-S
No. 252592
NASA 47476

Equipment Purchased by ESSA (BOMEX Project Office) for Wisconsin
Radiation Program

Quantity SSEC No.

Photo-Receiver (Modified for DRIR Adapter) 1 194
with Polaroid Pack Camera Model No. 111AD S/N 12
(Camera missing and apparently stolen on Barbados)

Tape Recorder (with cabling) Model No. 111T 1 195
S/N 5731-5330

Optional 4" x 5" Camera Back and Adapter 1 196
Model No. 111B

Double Rotator Antenna Model No. 100 D S/N 112 1 197
DRIR Adapter S/M 104 1 198

28



VII. CORRESPONDENCE REGARDING PERMANENT EQUIPMENT
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THE UNIVERSITY OF WISCONSIN

Research Administration—Financial

750 University Avenue
Telephone 608-262-3822 Madison, Wisconsin 53706

May 23, 1969

Mr. Louis Levin

Executive Associate Director
National Science Foundation
Washington, D. C. 20550

Re: NSF GA-12603
U. W. 144-9722

Dear Mr. Levin:

Attached herewith is a proposed budget revision for subject

grant submitted for your approval. The reasons for the categorical
changes are discussed in the Revision Comments. No additional
funds are being requested.

Please review and advise us if Foundation approval is granted.

Sincerely yours,

Len Van Ess, Director
KVE:AJH: sb

cc: Dr. Kirby Hansonv
Dean R. B. Doremus
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BUDGET REVISION COMMENTS

The original proposal asked NSF to support the purchase of a photo
recorder which was necessary for reception of APT and WEFAX satellite
pictures on the island of Barbados during the period of BOMEX. This
satellite data capability was intended to support our radiation program
as well as other scientific programs in BOMEX. The original proposal
budgeted $10, 100 as Direct Costs to the Grant for this photo recorder.

After receiving this Grant we were unable to obtain, commercially,
an adequate photo recorder. We were fortunate in being able to make
arrangements with ESSA for the loan of a D-700 photo recorder which
met our needs but had to be modified and interfaced with our EMR-APT
equipment. Thus, there is a reduction in the amount of funds requested
on Direct Costs to Grant, and an increase in the amount of funds re-
quested for engineer and technician salaries. In addition, the EMR-
APT receiver was not adequate for operation on Barbados and a new
high quality receiver was purchased on this Grant. These costs are
included in the Direct Costs to Grant section of the budget.

» The remainder of the budget is relatively unchanged from the
original budget proposal. At the present time, costs are in good agree-

ment with the proposed budget figures.
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NATIONAL SCIENCE FOUNDATION @717—

Washington, D.C. 20550

June 3, 1969

Mr. Kirby Hanson

Space Science and Engineering Center
University of Wisconsin, Madison
1225 West Dayton Street

Madison, Wisconsin 53706

Dear Kirby:

The National Science Foundation authorizes the changes in Grant
GA-12603 that were proposed in Len Van Ess's letter of May 23. I
have just returned from Barbados and I understand the need for the
changes. Furthermore, I think they will help the program very much.

We hear that ATS-III is not working too well. I worry how much that
might affect the fourth phase of BOMEX. I hope not much, butI am
afraid that it might be quite serious.

Steve has a good operation running at the airport in Barbados. His
output is being used quite a bit by Josh Holland in determining flight
patterns to be flown. Steve is having little time for his own research,
but he seems to be fairing pretty well.

I hope the rest of the exberlmental period goes as well as the first
one.

Best regards,

/s/ Gene

Eugene W. Bierly

Program Director for Meteorology
Atmospheric Sciences Section

cc: Len Van Ess, U of Wisc
NSF Grants Ofc
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SCIENTIFIC OBJECTIVES AND DATA REQUIREMENTS
FOR

RADIATION STUDIES DURING BOMEX1

2
by
Stephen Cox Verner Suomi
Kirby Hanson Tom Vonder Haar
CONTENTS Page
Scientific Objectives: Radiation Studies 143
Radiation Program 145
1. Vertical Distribution of Observations 145
2. Possible Options 147
Density of Observations 149
1. Time Sampling 149
2. Spatial Sampling 151

The purpose of this document is to summarize our thoughts on the scientific
objectives and data requirements for radiation experiments during the BOMEX
program. We have not considered at this time the additional questions of what
instrumentation should be employed and who will carry out the work.

Scientific Objectives: Radiation Studies

A considerable amount has been written in GARP documents concerning the
scientific objectives of radiation studies in the tropics. An excellent discussion

'Submitted to BOMEX Project Office, ESSA, March, 1968.

2Authors have made equal contributions to this document.
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is contained in the GARP Report. X The important underlying factor in those
considerations is that a relationship exists between radiative and dynamical
processes operating within the atmosphere. It is generally known that certain
atmospheric variables represent the mechanisms through which the radiative
forcing function and air motions are related. These variables are: the distribu-
tion and amount of cloud, water vapor, ozone, dust and haze; the temperature
distribution; and the state of the lower boundary of the atmosphere. Although
we know the relationship exists and the variables involved, we do not have

an adequate understanding of how these variables effectively modulate atmos-
pheric heating and cooling by radiation.

In view of this fact, it is indeed surprising that so few measurements ex-
ist in which radiation was measured simultaneously with the important atmos-
pheric variables. As indicated in the GARP Report, 2 "this kind of (simultaneous)
experiment is essential as a final check on radiation theory.' An example of
the importance of this check on theory is the need to determine the vertical
distribution of absorption in the atmosphere. With clear sky, we know how the
energy is distributed; however, with clouds there is multiple scattering and the
problem becomes extremely complex. There is no way of checking the theory
except by observations. It is vital to studies of the tropics that the vertical
distribution of absorption with clouds be verified because the atmospheric
stability depends critically on where the energy is absorbed.

There are a number of other useful objectives such measurements would
serve. One is that radiation measurements within the atmosphere are essential
in attempts to determine the radiative heating or cooling from indirect (satellite)
measurements. The success of such indirect measurements depends very crit-
ically on knowing the angular and spectral dependence of radiation reflected
or emitted outward from the atmosphere. Complete radiation measurements dur—
ing BOMEX clearly would fill this need.

Another useful objective is to obtain measured radiation values which will
serve as controls on calculated radiation values in numerical models. Compari-
sons of this sort are invaluable in testing radiation approximating equations in
numerical models.

There is perhaps an additional opportunity available for BOMEX—it is radia-
tion climatology obtained in a different way. Both long and short wave radiation
budgets in the tropics are mainly controlled by clouds. This is especially so
for a restricted region of the tropics such as the Barbados area. The sampling
problems for a truly representative radiation climatology are very severe—

1Global Atmospheric Research Programme (GARP), Report of the Study Conference
held at Stockholm, 28 June—11 July 1967. ICSU/IUGG-Committee on Atmos-
pheric Sciences, COSPAR, WMO.

2Op. cit., p. 46.
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perhaps not obtainable when the constraint of a reasonable budget is imposed.
One would get enormously better radiation climatology if good radiation data

on cloud systems were available. In order to compile the data on cloud systems,
radiation measurements should be made not only as a function of time, but ac-
cording to the presence or absence of identifiable cloud systems. Then a radi-
ation climatology may be constructed by combining the radiation data, classified
by cloud system, and satellite photographs of cloud systems. This technique
will allow compilation of a radiation climatology even after the completion of
BOMEX and over larger area than the proposed BOMEX data network.

Ideally we would like to see an effort made in BOMEX toward a complete
radiation program together with simultaneous measurements of the important
variables mentioned earlier. Although this task may be larger than possible for
BOMEX, an attempt to obtain a ''closed solution'' radiation experiment during
BOMEX will be valuable in itself, for it will provide the experience and problem
definition for more sophisticated radiation experiments in the future of the GARP
program.

Radiation Program

The overall objectives of a radiation program within BOMEX will be satis-
fied to a degree that depends on the resources committed to these goals. With
this in mind, the remainder of this section contains a discussion of the various
practical options regarding the content and distribution of the radiation observ-
ing net. They were derived with primary emphasis on the scientific requirements,
although economic factors played a secondary role in the definition of the options.

Figures la and lb contain a schematic description of the four major options
that were examined. Both the solar and infrared observing networks are con-
sidered in each case. In this figure, the fundamental difference between the
possible options is in the capability for measuring the vertical variation of the
radiation parameters. In short, Option 1 provides observations throughout the
entire atmosphere, and Option IV provides data only at the upper and lower
boundaries. Since the spatial coverage will be limited to a large extent by the
available facilities and the temporal sampling by operational and manpower
considerations, these points are given special attention in the next section.

1. Vertical Distribution of Observations

Before considering the details and tradeoffs of the four options, some com-
ments on the choice of the levels of observation noted at the left of Figure la
are necessary.
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BOMEX Radiation Program Options

a) Satellite observations

Radiation measurements from satellites would complement aircraft and sur-
face observations, but the lack of satellite data would not adversely affect the
radiation program considered in this document. To be useful, such satellite
observations must have high spatial resolution and thus sensors flown on the
ATS and NIMBUS satellite could provide the data. ATS-III (launched November
1967) and NIMBUS-B (scheduled for spring 1968) will carry a variety of total
and narrow spectrum sensors useful for obtaining quantitative radiation measure-
ments as well as video depictions of day and nighttime cloud cover. If the life-
times of these satellites extend into the BOMEX time period, all data reduction
techniques will have been optimized and the measurements would be available
to users in a satisfactory format. Under the assumption that some type of satel-
lite data will be available, it is included in each of the four program options,
but did not influence the cho1ce of the other observations.

b) Aircraft measurements at 40, 000 feet

A well-equipped aircraft (such as NASA's 990) flown near 40, 000 feet would
provide a wealth of solar and infrared radiation data near the upper boundary of
the troposphere. From this altitude, bi-directional reflectance measurements

over the clear ocean and cloudy regions within the BOMEX observational network
would be most valuable. Together with satellite observations, these data could
be used to examine the radiation regime in the tropical stratosphere.
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c) Aircraft measurements at 18,000 and 10, 000 feet

Upward and downward solar radiation measurements from these levels would
yield data on the vertical distribution of the absorption and scattering of short-
wave energy by the atmosphere. The higher observations (near 500 mb) would
be useful when tropical radiation data-are considered relative to a simple two-
layer numerical model. Near the top of the trade inversion (10,000 ft) solar
radiation data could be obtained above the active moist region of the tropical
troposphere and most probably above a majority of the clouds.

d) Aircraft measurements at 1000 feet

At this lower level, above the boundary layer, the aircraft radiation mea-
surements significantly add resolution to the total vertical structure and also
complement the surface observation network by yielding values near the lower
boundary over a wide region. In addition to upward and downward shortwave
measurements, this aircraft should carry a conventional infrared system for
measuring sea surface temperature.

e) Surface observations

These measurements fit ideally into the BOMEX plan of air-sea interaction
studies. At land and shipboard locations both IR and solar radiation instruments
would measure the net radiation budget at the surface. Aside from their use in
total surface energy budget work, the surface measurements and satellite (or
high altitude aircraft) data will provide the net radiation budget of the atmos-
phere alone. :

f) Balloon-borne radiometersondes

Nocturnal radiometersonde ascents offer a proven capability for obtaining
the upward and downward total IR radiation profiles. These measurements are
used to examine net radiation divergence and atmospheric cooling in various
layers and can be used to infer the existence of thin layers of cloud and particu-
lates. When combined with solar radiation observations at several altitudes
the total atmospheric cooling by radiation can be examined within each layer.

2. Possible Options

The observations suggested for various levels and the recommended dis-
tribution of surface measurements within the BOMEX array are shown in Figures
la and 1b in the form of four options. These options represent different mea-
surement configurations that may be analyzed in order to assess the scientific
return from a radiation program in BOMEX against the costs involved in obtain-
ing the observations.
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OPTION I

This most inclusive option, from the standpoint of scientific data and re-
sources committed, includes:

a) a full vertical stack of instrumented aircraft,
b) five surface radiation sites, and
c) radiometersonde launches from four locations.

With this type of program, the vertical and horizontal radiation coverage is op-
timized within practical bounds. If the important meteorological variables were
also measured, output from such a radiation program would satisfy the stated
objectives, namely: a check of radiation theory with observations; to determine
atmospheric heating and cooling by indirect (satellite) measurements; and to
provide control radiation data for numerical models.

OPTION IT
A reduction in the radiation program as detailed under Option I includes:

a) elimination of the aircraft at the 18, 000 foot level, with the option of
flying a high-altitude aircraft at this level,

b) a reduction in radiometersonde facilities to three, and

c) surface radiation measurements at only four sites.

Under Option II, the primary objectives would still be attained, but to a
lesser extent. For example, the vertical variation of solar radiation above
10, 000 feet could not be studied as well, and the infrared soundings would no
longer bound a closed grid. The placement of the balloon sites under this op-
tion anticipates primarily a north-south orientation of weather phenomena ac-
ross the BOMEX array.

OPTION III
The diminished program under this option:

a) cuts the number of instrumented aircraft to two (from a maximum of four
in Option I), but retains a low and a high altitude capability,
b) reduces the number of surface and radiometersonde facilities to three.

Although a sufficient’ climatology of the BOMEX area is still attainable
under this option, the vertical resolution is considerably reduced. In addition,
the flexibility of the radiation program to seek out and observe specific phe-
nomena is hampered. The surface and balloon program presented in Option III
is the minimum required to adequately cover the BOMEX array.
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OPTION IV

The radiation observing network listed under this option is the lower bound
on a system that can still be called a useful radiation program. Eliminated from
the previous option is the high altitude aircraft. Thus, no information on the
vertical variation of solar‘radiation can be observed above 10, 000 feet and
since the remaining aircraft will be used extensively at 1000 feet for near-
surface observations we have essentially the shortwave energy measurements
only at the upper (from a satellite) and lower boundaries of the atmosphere. Of
course, if the single aircraft were unavailable during any time period, even the
crude climatology would contain gaps. As mentioned above, three surface and
radiometersonde sites represent a minimum network also. This option is
insufficient for the stated objectives.

Density of Observations

In order to determine the amount of equipment and manpower required to
collect the radiation data, we must examine the required temporal and spatial
density of the measurements. Table 1 divides the radiation data required by
the program objectives into two convenient categories: phenomenological, with
the goal of studying the radiative character of various spatial scales of tropical
weather patterns, and climatological, with its purpose of establishing mean
radiation budget parameters for the maritime tropical location. The reason a
distinction has been made between the two categories is that a rigid schedule,
tailored to climatological requirements, may deny data coverage of an interest-
ing situation. There must be the option of real time control of data collected
on a noncontinuous basis, namely the balloon soundings and aircraft. The phe-
nomenology category refers to all situations where the real-time decision regard-
ing when, where, and how often, aircraft and balloons are flown to observe
phenomena of interest.

1. Time Sampling

We recommend that the solar and net radiation at the surface be collected

continuously. Since the primary investment is in the instrumentation and re-
cording systems and not in operation and maintenance, a large amount of data
will not cost significantly more than a small amount. It would be desirable to
have surface radiation data integrated over five minute intervals.

For the shortwave and infrared data as a function of height, the cost of
acquiring frequent data is a primary consideration. Unlike the surface data
where the initial equipment was the primary investment, the cost of additional
operation of aircraft and support personnel becomes important. Here again the
climatology-phenomenology designation becomes useful. For shortwave radia-
tion as a function of height, we re mend the radiation detectors be in opera-

tion whenever the aircraft is airborne during daylight hours—this fulfills the



Satellite, Shortwave
and infrared

Table 1

Temporal Distribution

Climatological
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Phenomenological

Whenever satellite ob-
servations are avail-
able

Whenever satellite obser-
vations are available

Infrared as a function
of height

1 ascent/station-day
W /3 periods of noc-
turnal serial ascents

Serial ascents through
selected situations

Shortwave as a func-
tion of height

Whenever aircraft are
airborne

Have ability to divert air-
craft to area of special
interest between 0900-
1500 for two days out
of each week

Net radiation at surface

Continuous

Shortwave radiation at
surface

Continuous

climatological requirement.

The phenomenology requirement is somewhat more

restrictive. We recommend that the aircraft be available to divert to areas of

special interest between 0900 and 1500LST for two days each week.

Infrared data as a function of height will be gathered by balloon-borne
radiometers. Even though the cost of an individual instrument is small, when
we talk about hundreds of soundings, the total cost is significant. In order to
fulfill the climatological requirements we suggest one radiation sonde ascent

per station per day with several periods of serial ascents to determine the
presence or absence of variations on the order of hours. If chosen discrimi-

nately, the serial ascents mentioned above could also serve as serial ascents

through interesting phenomena.

If desired or dictated by economy, the clima-

tological soundings could be scheduled approximately every 36 hours instead
of every 24 hours or scheduled as a function of cloud systems.

Since it is unlikely that we will be able to dictate satellite coverage of
experiment area, we can only specify that we receive data, both infrared and

solar reflected, as often as possible.

If ATS-III is still operational, it may be

possible to make use of the back-to-back scan mode of the spin scan camera,
thus allowing almost continuous daytime photographic coverage of the Barbados

area.
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2. Spatial Sampling

So far we have discussed the temporal density of radiation observations.
Now let us turn to the spatial density. Figure 1b represents the suggested net-
work of surface and radiation sonde data stations, the most desirable at left and

the right. The positions of surface data stations were determined with two re-
quirements in mind. First, we desire maximum North-South to detect significant
latitudinal differences in radiative effects. Second, we wish to have adequate
spatial resolution to complement the air-sea interaction study, the primary goal
of the BOMEX experiment.

The spatial density of the aircraft data requires special consideration.
While the data requirements will vary depending on the phenomenon of intere st,
in general we recommend the aircraft stacked vertically and coordinated so that
measurements are taken at different levels at the same time. Optimally we
would prefer an aircraft at 1000 feet (already indicated in BOMEX Bulletin) at
10, 000 feet (already assigned in BOMEX Bulletin), at 20, 000 (additional) and
at 40, 000 feet (NASA Convar 990). In lieu of this optimum configuration, the
same aircraft could fly the 10, 000 foot and 20, 000 foot legs sequentially.
Figure la represents the feasible configurations for aircraft radiation measure-
ments. The wavy arrow indicates the use of a single aircraft to make measure-
ments sequentially at two levels.

The spatial density of satellite data is again perhaps beyond your control,
however let us stress that the maximum density available be utilized.



APPENDIX B

Catalog of ATS-III Analog

(Magnetic Tape) pictures During BOMEX:*

sk
Data are archived at the Space Science and Engineering Center,
University of Wisconsin, Madison.
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Reel &
Track No.

Reel 1

Track Fl1

Track R2

Track F3

Track R4

Track FS

Dy

122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9

122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9

122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9
122/9

122/9
122/9
122/9
122/9
122/9
122/9

123/9
123/9
123/9
123/9

ATS-III

ANALOG DATA ON TAPES

BOMEX TIME PERICD

GlL Time
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Hre.
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5888

Sequence No.

Remarks
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Reel & GM Time
Track No. Day Hr. Min Sequence No. Remarks
123/9 10 L8 5
123/9 1 03 6
123/9 11 18 7
123/9 1m 32 8
123/9 1 L7 9
123/9 12 02 10
123/9 12 16 1
123/9 12 31 12
Track R6 123/9 il 59 b
123/9 15 1 15
123/9 15 29 16
123/9 i5 57 17
123/9 16 13 18
123/9 16 28 19
123/9 16 L2 20
123/9 16 57 21
123/9 17 12 22
123/9 17 26 23
123/9 17 1 2l
Track F7 123/9 20 11 25
123/9 20 25 26
123/9 21 19 27
123/9 21 37 28
123/9 21 52 29
123/9 22 06 31
123/9 22 34 32
Reel 2
Track Fl1 No Data on Track
Track R2 12/9 1, 59 12
124/9 15 1 13
12L/9 15 28 il
12L/9 15 57 15
12L,/9 16 12 16
12L/9 16 27 17
12L/9 % 1 18
12L/9 16 56 19
12L/9 17 11 20
12L/9 17 25 21
12l/9 17 Lo 22
Track F3 124/9 19 58 23
12L/9 20 13 2L
12l/9 20 28 25
12L/9 21 27 26



Reel &
Track No.

Track Rl

Track F5

Track R6

Track F7

GM Time
Hre. Min. Sequence No.
21 k2 27
21 57 28
2 1 29
22 26 30
2 31
09 28 1
09 L3 2
10 23 3
10 37 L
10 52 5
11 o7 6
n 2 7
1 W 8
12 17 9
12 L2 10
n 52 1n
15 07 12
15 21 13
15 36 1
16 02 15
%6 i7 16
16 32 17
16 L7 18
17 02 19
17 17 20
17 32 21
17 U6 22
19 59 23
20 1 2,
20 30 25
22 24 26
21 24 27
22 oL 28
22 27 29
22 L2 30
09 25 1
09 Lo 2
10 08 3
10 27 L
10 L2 5
10 56 6
1 11 7
1 2 8
11 Lo 9
12 15 10
12 29 11

51

Remarks

Incorrect time
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Reel & GM Time
Track No. Day Hr. Min,. Sequence No. Remarks
126/9 12 148 12
126/9 i 51 13
126/9 15 06 n
Track R1 126/9 15 21 15 Track 1 recorded in
reverse.
126/9 B =35 16
126/9 16 01 17
126/9 16 16 18
126/9 16 30 19
126/9 16 U5 20
126/9 17 00 21
126/9 17 15 22
126/9 17 29 23
126/9 17 Ll 2L
Reel 3
Track F1 126/9 20 19 25 Picture starts at
line 320
126/9 20 30 26
126/9 21 03 27 Lost video twice
during picture
126/9 21 13 28
126/9 21 28 29
126/9 21 k2 30 Several bgd lines
126/9 22 05 31
126/9 22 20 32 Interm. video at
line 900
126/9 22 Lo 33 Lost video line 650
Track R2 127/9 09 10 1
127/9 09 25 2
127/9 09 Lo 3
127/9 10 1 L
127/9 10 28 5
127/9 10 .. L3 6
127/9 10 58 7
127/9 11 13 8
127/9 91 , 27 9
127/9 12 07 10
Track F3 127/9 15 L6 1
127/9 16 17 12
127/9 %6 32 13
127/9 16 L6 )
127/9 17 o1 15
127/9 17 16 16
127/9 17 30 17
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Reel & GM Time
Track No. Day Hr. iin. Sequence No. Remarks
127/9 17 L5 18
127/9 18 00 19
127/9 18 i 20
127/9 18 30 21
127/9 18 Lh 22
127/9 18 59 23 1200 line picture
Track RL 127/ 19 i 2L
127/3 19 29 25
127/9 19 Lk 26
127/9 19 58 27
127/9 20 13 28
127/9 21 15 29
127/9 21 30 30
127/9 21 IS 31
127/9 22 00 32
127/9 po k7 33
Reel ly
Track F1 128/9 09 25 1
128/9 09 oL 2
128/9 1 U 3
128/9 1 29 L
128/9 12 3 5
128/9 12 51 6
128/9 1 Sy 7
128/9 15 09 8
128/9 15 2l 9
128/9 15 39 10
Track R2 128/9 15 53 1
128/9 16 08 12
125/9 16 36 13
129/9 09 19 1
129/9 09 L2 2
129/9 10 39 3
129/9 10 5k L
129/9 1 09 S
129/9 12 6
129/9 15 16 1
129/9 15 33 8
129/9 16 02 9
Track F3 129/9 16 39 10
129/9 16 53 1
129/9 17 08 12
129/9 17 23 13
129/9 17 37 1




Reel & GM Time

Track Noe Day Hr. .iiin. Sequence No. Remarks
129/9 17 2 5o 15
129/9 16
130/9 09 12 1
130/9 09 27 2
130/9 09 3
130/9 10 Lo L
130/9 10 55 5
Track R4 130/9 i L1 6
130/9 56 7
130/9 15 10 8
130/9 15 25 9
130/9 15 Lo 10
130/9 16 06 11
130/9 16 38 12
130/9 16 52 13
130/9 17 72 il
130/9 17 22 15
130/9 17 36 16
130/9 9 59 17
130/9 20 1 18
130/9 20 29 19
Track F5 131/9 16 A 1
131/9 16 59
131/9 17 13 3
131/9 17 28 L
131/9 17 L3 5
131/9 20 - oL 6
131/9 20 18 7
131/9 20 33 8
Track R6 131/9 21 L2 9
131/9 21 56 10
131/9 22 11 11
131/9 22 26 12
131/9 22 L1 13
132/9 09 3k bl
132/9 09 L5 2
132/9 11 16 3
132/9 11 < 31 N
132/9 11 45 5
132/9 12 38 6
Track F7 132/9 L 58 7
'132/9 15 13 8
132/9 15 27 9
132/9 15 L2 10
132/9 16 09 11
132/9 16 36 12



55

Reel & GM Time
Track Noe Day Hre iin. Sequence No. Remarks
132/9 1% 50 13
132/9 17 06 i
132/9 11 AR 15
132/9 17 upss 16
Reel 5
Track F1 133/9 09 08 1
133/9 09 24 2
133/9 09 38 3
Track R2 133/9 15 02 L
133/9 15 17 5
133/9 15 32 6
133/9 15 LS 7
Track F3 gwitched to Track L
during picture 6
Track FL 136/9 10 39 6
136/9 10 52 7
136/9 11 05 8
136/9 11 17 9
136/9 15, £330 10
136/9 1 ke 1
136/9 12 28 12
136/9 12 13
136/9 12 53 i
Track 5 No video
Track 6 No recording
Track 7 No recording
Reel 6
Track F3 134/9 09 17 1
13L4/9 09 32 2
134/9 09 L7 3
134/9 16 13 I
13L/9 16 L5 5
134/9 17 00 6
13L/9 17 13 7
134/9 17 28 8
13L/9 17 L3 9
13L4/9 22 15 10
13L4/9 21 L3 1n
13L4/9 21 58 12




Reel &
Track No.

Track R4

Track F5

Track R6

Track Fl

Track R2

Day

134/9
134/9
134/9

135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9

135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9

135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9
135/9

135/9
135/9
135/9
135/9
135/9
135/9

GM Time
Hre. Iiin.

2 i
22 28
22 L2
09 11
09 30
09 LS
09 59
10 31
10 51
11 06
1) 21
11 36
11 51
12 05
12 35
15 00
15 15
15 30
15 L5
15 59
16 L9
25 oL
17 19
17 33
17 L8
18 ol
18 19
18 3L
18 L9
19 03
19 18
19 33
19 L8
20 05
20 20
20 35
20 50
21 ol
21 L5
21 59
22 1
22 29
22 L5

Sequence No.

56

Remarks

13

H\0 o= O\

o

Start line 150

No picture recorder
No picture recorder




Reel &
Track No.

Reel 7

Track F1

Track R2

Track F3

Track RL4

Dy

137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9

137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9
137/9

137/9
137/9
137/9
137/9
137/9
137/9
137/9

137/9
137/9
137/9
137/9
137/9
137/9

137/9
137/9
137/9

GM Time
Hr. in.
09 17
09 30
09 k2
09 55
10 07
10 20
10 3k
10 L7
11 00
1T 2. 19
nmn 25
1n 38
ki 50
12 03
12 15
12 28
12 N
12 53
13 06
13 19
13 31
13 Lk
13 56
N 09
i 22
il 3L
L7
L 59
15 12
15 25
15 37
15 50
16 02
16 15
16 28
16 Lo
16 53
17 06
17 19
17 31
17 Lk
17 57
18 09
18 22

Sequence Noe.

Remarks

57

p.u-t:ps\ooosrm\nr:wmr-‘

w

S&E



58

Reel & Gid Time
Track No. Day Hr. iin. Sequence No. Remarks

137/9 18 3k I
137/9 18 L7 i
137/9 19 00 L7
137/9 C19 12 L8
137/9 19 25 L9
137/9 19 32 50
137/9 19 50 51
137/9 20 03 52
137/9 20 15 53
137/9 20 02 sk
137/9 20 L1 55

Track F5 137/9 20 53 56
137/9 21 06 57
137/9 21 19 58
137/9 21 32 59
137/9 21 L5 60
137/9 21 58 61
137/9 22 10 62
137/9 22 23 63
137/9 2 36 6l
137/9 22 L8 65
138/9 09 20 1
138/9 09 32 2
138/9 09 LS 3
138/9 09 57 L

Track R6 138/9 10 10 5
138/9 10 1 6
138/9 1 ok 7
138/9 11 13 8
138/9 1 2 9
138/9 12 L7 10 First 250 lines

missing

138/9 20 10 11
138/9 20 25 12
138/9 20 39 13
138/9 21 L9 i
136/9 22 Ok 15
138/9 22 19 16

Track F7 138/9 22 3 17
139/9 10 5k 1
139/9 11 06 2
139/9 111 3
139/9 12 08 L
139/9 12 L9 5
139/9 15 01 6
139/9 15 13 7
139/9 15 26 8



59

Reel & Gid Time
Track Noe. H_ Hr. ifin. Sequence No. Remarks
139/9 15 39 9
Reel 8

Track Fl 139/9 10 53 10
139/9 17 05 1
139/9 17 18 12
139/9 17 31 13
139/9 17 L3 1
139/9 20 17
139/9 20 5l 18
139/9 22 07 20
139/9 2 19 21
139/9 2 32 22
139/9 22 W 23
140/9 15 02 1
140/9 15 1 2

Track R2 14,0/9 15 27 3
140/9 15 Lo N
140/9 15 55 5
140/9 16 55 6
140/9 17 08 7
140/9 17 « 221 8
140/9 17 3L 9
140/3 17 L7 10
140/9 20 00 1n
1:0/9 20 15 12
140/9 20 28 13
140/9 20 Lo bl
140/9 20 53 15

Track F3 140/9 21 51 16 First 500 lines

missing
140/9 22 0L 17
14,0/9 2 17 18
140/9 22 29 19
14,0/9 22 )2 20
U1/9 09 16 1
U1/9 09 29 2
W1/9 09 I 3
9 09 5L L
U1/9 10 66 5
9 10 L5 6

U1/9 10 58 7
11/9 1 1n 8

Track RL 1/9 1n 23 9
U1/9 1 3% 10



Reel &
Track Noe

Track F5

Track R6

Track F7

GM Time
Hr. Lﬁ-n-
11 L8
12 01
12 L8
15 00
15

15 26
15 38
15 53
16 1,0
16 53
17 06
17 18
17 <l
17 Ll
20 16
20 28
20 1
20 53
21 8
22 00
22 13
22 26
22 33
09 13
09 25
02 36
09 53
10 05
10 L8
11 o1
11 13
11 26
12 o1
09 11
09 2L
02 37
09 52
10 o1
10 51
11 03
11 16
11 29
12 56

Sequence No.

Remarks

11
12
13
1,
15
16
17
18
19
20

21
22
23
2L
25
26

N\ =1 OVWLE W N

HO oo~ ONLiEwWw

60




61

Reel & GM Time
Track No. Day Hr. iiin. Sequence Noe Remarks
Reel 9

Track F3 1443/9 59 n
143/9 15 12 12
143/9 15 25 13
143/9 15 37 i1
143/9 15 52 15
13/9 16 52 16
143/9 17 ok 17
143/9 17 17 18
13/9 17 30 19
143/9 17 L2 20
143/9 20 Lo 21 Start line 90
143/9 20 56 22
1U3/9 21 L6 23
143/9 21 59 2l
Track R4 43/9 2 12 25 Start line 200
13/9 2 2 26
143/9 22 37 27
148/9 10 12 1
148/9 10 2l 2
148/9 10 39 3
148/9 10 52 L
148/9 1 05 5
148/9 1 18 6
148/9 11 31 7
148/9 1 L3 8
148/9 n %6 9 WDA lost lock at
line 720
151/9 17 13 1 Less than 50 lines
151/9 17 23 2 Video Ne Ge
Track Fl 152/9 13 29 2
152/9 13 51 3
152/9 i1 16 L
152/9 U k2 5
152/9 15 33 6
152/9 15 58 7
152/9 19 19 8
152/9 20 38 9
Track R2 153/9 1
153/9 11 U3 2 Bad skew
153/9 19 15 3 Bad skew, restart
153/9 19 22 3
153/9 20 37 h
154/9 09 L8 1
154/9 10 L9 2




62

Reel & GM Time
Track Noe Day Hr. liin. Sequence No. Remarks
Prack F5 154/9 16 53 7
154/9 17 06 8
15L4/9 17 19 9
15L4/9 17 L0 10
15L/9 20 Ok 11
15L/9 20 22 12
15L/9 20 Lo 13
154/9 21 58 1
15L/9 22 16 15
15L4/9 22 32 16
15L/9 22 17
155/9 09 25 1
Track R6 155/9 09 L7 2
155/9 10 07 3
155/9 10 L3 L
155/9 11 00 5
155/9 1 20 6
155/9 11 35 7
155/9 12 b5 8
155/9 15 L3 1
155/9 16 03 12
155/9 13 Lost picture
155/9 17 00 i
155/9 17 17 15
155/9 17 33 16 Interference, lines
0-450
Track F7 155/9 17 L7 17
155/9 20 10 18
155/9 20 28 19
155/9 20 b 20
155/9 20 59 21
155/9 21 30 22
155/9 21 L3 23 Picture started late
155/9 21 59 2L
155/9 22 1 25
155/9 2 30 26
Reel 10
Track Fl 156/9 09 36 6
156/9 09 53 7
156/9 10 1 8
156/9 10 L7 9
156/9 1 03 10
156/9 19 1n
156/9 12 L 12
156/9 15 50 13 Interference lines

100-300



Reel &
Track No.

Track R2

Track F2

Track F3

Track R4

158/9

GM Time
Hr. liin.
153 22
15 38
i53% 53
16 1
16 51
17 06
17 22
17 L9
20 12
20 27
20 L3
20 59
21 15
%6 01
16 16
16 L7
17 00
1735 1k
17 27
17 Lo
20 06
S0mm 15
20 31
20 i
20 56
21 20
10 00
11 30
12 L8
15 09
15 30
15  Lb
16 00
16 L3
16 5
17 19
173g, L2
17 33
20 11
20 25
20 38
21 52
21 Lo
21

Sequence No.

63

Remarks

Out of tape at line
1000

Lost picture

No video

Bad video
Bad video
Bad video
Bad video
Bad video
Restart



64

Reel & Gi Time
Track Noe. Day Hr. Min. Sequence No. Remarks

158/9 21 54 18
158/9 2 06 19
158/9 2 19 20

Track F5 158/9 22 32 21
158/9 22 L5 22
159/9 09 30 1
159/9 09 45 2
159/9 11 03 3
159/9 11 xlb N
159/9 1 33 5
159/9 12 L6 6
159/9 15 06 7
159/9 15 18 7
159/9 15 32 9
159/9 15 L8 10
159/9 16 03 11

Track R6 159/9 16 55 12
159/9 16 5 13
159/9 17 10 i
159/9 17 22 15
159/9 17 37 16
159/9 20 26 17
159/9 20 39 18
159/9 20 51 19
159/9 21 ok 20
159/9 21 21
159/9 21 54 22
159/9 2 15 23

Track F7 159/9 22 28 2y
159/9 2 25
160/9 09 16 1
160/9 09 28 2

Reel 11

Track F1 160/9 10 L5 L
160/9 10 58 5
160/9 n 12 6
160/9 mw 25 7
160/9 12 Lk 8 No video
160/9 n 5 9
160/9 15 03 10
160/9 15 16 11
160/9 15 28 12
160/9 15 13
160/9 15 56 11



65

Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks

160/9 16 43 15
160/9 17 03 16
160/9 7 16 17
160/9 17 20 18

Track R2 160/9 17 L3 19
160/9 21 51 22
160/9 22 22 23
160/9 22 2L 2l
160/9 2 3% 25
160/9 22 b9 26
161/9 09 3k 1
161/9 09 L8 2
161/9 10 50 3

Track F3 161/9 1 03 L
161/9 n 15 5
161/9 1 28 6 Lost picture
161/9 12 43 7 First part bad
161/9 15 19 8 No line start
161/9 15 31 9
161/9 15 Lk 10
161/9 15 59 n
161/9 20 29 1
161/9 20 53 15
161/9 20 16
161/9 21 07 17
161/9 21 W 18

Track Rl 161/9 21 56 19
161/9 22 09 20
161/9 2 22 21
161/9 22 35 22
161/9 22 48 23
162/9 09 31 1
162/9 09 L6 2
162/9 10 Ly 3
162/9 10 57 L
162/9 1 10 5
162/9 n 23 6

Track FS 162/9 12 L2 7
162/9 15 01 8 No line start
162/9 15 4o 9
162/9 15 26 10
162/9 15 39 1n
162/9 15 5y 12
162/9 16 53 13
162/9 17 06 1l
162/9 17 18 15




66

Reel & GM Time
Track Nc. Day Hr. Min. Sequence No. Remarks

162/9 17 31 16
162/9 17 LS 17
162/9 20 15 18
162/9 20 28 19

"Track R6 162/9 20 L3 20 Equip. reset 8 min.
162/9 20 51 20 into picture
162/9 21 oL 21
162/9 21 52 22
162/9 21 59 22
162/9 2 1 23
162/9 2 24 2l
162/9 22 37 25
163/9 09 16 1
163/9 09 29 2
163/9 09 L4 3
163/9 10 54 N

Track F7 163/9 1 o7 5
163/9 n 1 6
163/9 12 51 7
163/9 L 26 8
163/9 39 9
163/9 U 52 10
163/9 15 o4 1n
163/9 15 17 12
163/9 15 30 13
163/9 15 L5 1
163/9 16 00 15

Reel 12

Track Fl 163/9 %6 50 16
163/9 17 03 17
163/9 17 16 18
163/9 17 29 19
163/9 17 20
163/9 17 54 21
163/9 18 07 22
163/9 18 20 23
163/9 18 32 2
163/9 18 L5 25
163/9 18 58 26
163/9 19 12 27
163/9 19 25 28

Track R2 163/9 19 38 29
163/9 19 50 30
163/9 20 03 31
163/9 20 16 32
163/9 20 29 33




67

Reel & G Time

Track Noe Day Hr. Min. Sequence No. Remarks
163/9 20 L2 3
163/9 20 57 35
163/9 21 10
163/9 21 57 37
163/9 2 10 38
163/9 22 23 39
Track F3 163/9 2 3% Lo
163/9 22 L9 Ih
163/9 23 01 L2
163/9 23 1 L3
163/9 22 27 Ll
163/9 23 39 L5
163/9 23 52 L6
16L/9 00 05 1
16L/9 00 18 2
16L4/9 00 30 3
16L/9 00 L3 N
16L/9 10 07 5
Track R4 16L/9 10 55 6
9 1 o7 7
9 11 20 8
16L4/9 12 9
/9 1y 55 10
9 15 21 1
16L4/9 15 L6 12
16L/9 16 52 13
16L/9 17 18 U
Track F5 16L/9 20 U6 15
16L4/9 21 00 16
16L4/9 21 13 17
16L/9 21 5k 18
16L/9 2 07 19 No annotation,
lost video
16L/9 2 20
16L/9 22 33 21
16L/9 22 L6 22
165/9 09 30 1
165/9 09 39 2
165/9 09 57 3
165/9 10 12 N
Track R6 165/9 10 5
165/9 10 56 6
165/9 1. 08 7
165/9 n 23 8
165/9 12 by 8
165/9 15 18 9
165/9 15 L 10




68

Reel & GM Time
Track No. Day Hr. Mine Seauence Noe Remarks
165/9 16 L 11
165/9 17 09 12
Track F7 165/9 17 35 13
165/9 20 10 i/
165/9 20 22 15
165/9 20 35 16
165/9 20 L8 17
165/9 21 03 18
165/9 21 15 19
165/9 21 50 20
165/9 22 03 21
165/9 22 15 22
165/9 22 28 23
165/9 22 l2 2l
Reel 13
Track F1 166/9 09 15 1
166/9 09 28 2
166/9 09 Lo 3
166/9 09  sh L
166/9 10 09 5
166/9 10 50 6
166/9 11 03 7
166/9 1 15 8
166/9 1 28 9
166/9 1 10
166/9 11 56 1
166/9 12 L2 12
Track R2 166/9 15 31 13
166/9 15 57 il
166/9 16 ke 15
166/9 17 08 16
166/9 17 33 17
166/9 20 10 18
166/9 20 23 19
166/9 20 36 20
Track F3 166/9 20 L9 21
166/9 21 03 22
166/9 21 16 23 BRad annotation at line 955
166/9 22 Ly 2y
166/9 21 57 25
166/9 22 10 26 Bad annotation at line 850
166/9 22 23 27
166/9 22 35 28
166/9 22 L8 29
167/9 09 1 1



Reel &
Track No.

Track Rl

Track F5

Track R6

Track F7

GM Time

Hr. lﬁ.n 0
09 2l
09 37
09 50
10 05
10 17
11 00
11 01
11 13
1 26
12 k2
15 05
15 31
15 56
1% 47
17 13
20 16
20 29
20 43
20

22 1
21 U6
21 59
2 1n
22 24
22 37
09 10
09 22
09 35
09 48
10 02
10 15
10 41
10 sl
n 06
n 19
1 32
12 43
15 01
15 27
15 52

Sequence No.

Remarks

69

2

BREE REgO=~ows




Reel &
Track No.

Reel 14

Track F1

Track R2

Track F3

Track R4

Track F5

GM Time

Hr, Min.
16 L3
17 09
17 34
20 10
20 23
20 35
20 L8
21 03
21 16
21 Lo
21 53
22 06
22 19
22 31
22 L)
09 28
09 28
09 53
10 08
10 Lo
10 52
11 oL
1 17
12 L2
15 01
15 26
15 52
16 L2
17 08
17 33
20 07
20 20
20 32
20 59
21 00
21 U6
21 58
2 1
22 2y
22 36
22 L9
09 1
09 23
09 36

Sequence No.

NN NN

{;{Fck’dﬁs\o coslos\.ru:‘wmb-‘\s\rgggg

Remarks

70



Reel &

GM Time

71

Track No. Day Hr. Min,. Sequence No. Remarks

170/9 09 L9 L
170/9 10 34 5
170/9 10 16 6
170/9 10 I 7
170/9 10 53 8
170/9 1n 06 9
170/9 1 19 10
170/9 nm 25 1

Track R6 170/9 12 L5 12 No video
170/9 15 02 13
170/9 15 27 i
170/9 15 53 15
170/9 16 L2 16

Track F7 170/9 17 07 17
170/9 17 33 18
170/9 20 I 19
170/9 20 26 20
170/9 20 39 21
170/9 20 54 22
170/9 21 07 23
170/9 21 2l
170/9 21 o4 25
170/9 22 07 26
170/9 22 19 27
170/9 22 32 28
170/9 22 U5 29 Tape ran out at 300 lines

Reel 15

Track Fl 171/9 09 12 1
171/9 09 24 2
171/9 09 37 3
171/9 09 50 N
171/9 10 08 5
171/9 10 Lh 6
171/9 11 06 7
171/9 1 19 8
171/9 12 L5 9
171/9 15 00 10

Track R2 171/9 15 L5 11
171/9 16 Lo 12
171/9 17 05 13
171/9 17 3 il
171/9 20 17 15
171/9 20 29 16



Reel &
Track No.

Track F3

Track Rl

Track F5

Track R6

Day
171/9

171/9
171/9
171/9
171/9
171/9
171/9
171/9
171/9
172/9
172/9
172/9
172/9

172/9
172/9
172/9
172/9
172/9
172/9
172/9
172/9
172/9

172/9
172/9
172/9
172/9
172/9
172/9
172/9
172/9
172/9
172/9

172/9
172/9
173/9
173/9
173/9
173/9
173/9
173/9
173/9
173/9
173/9
173/9
173/9

GM Time

Hr. Min,
20 )2
20 57
21 10
21 L3
21 55
22 08
2 21
22 33
22 U6
09 13
09 26
09 39
09 52
10 07
10 Lo
10 53
11 05
1 18
12 Lo
15 04
15 29
16 55
16 Ll
17 10
16 35
20 17
20 30
20 L3
20 58
21 10
21 59
2 12
2 24
22 37
09 19
09 32
09 Lk
09 59
10 12
10 L3
10 56
11 09
1 22
12 Lo
15 17

Sequence No.

Remarks

[}
-

GEEGE CREBEY® OV FumrppRRN8ES

RE

5

ES‘OQQO\V\F’\»NH

72



73

Reel & GM Time
Track No. Day Hr. Min, Sequence No. Remarks
Track F7 173/9 15 L3 12
173/9 16 08 13
173/9 16 L0 1,
173/9 17 05 UB
173/9 17 31 15
173/9 20 13 16
173/9 20 25 17
173/9 20 38 18
173/9 20 53 19
173/9 21 05 20
Track F1 173/9 21 % 21 Tape ran out, new tape
started on picture 22
173/9 2 09 22
173/9 22 22 23
173/9 22 35 2l
173/9 22 L7 25
174/9 09 10 1
174/9 09 23 2
174/9 09 36 3
174/9 09 L8 b
17L/9 10 03 5
174/9 10 16 6
Reel 16
Track Fl 174/9 10 Lo 7
174/9 10 53 8
17L/9 n 06 9
Track R2 174/9 1n 19 10
17L/9 12 L8 1
174/9 15 03 12
174/9 15 28 13
174/9 15 Sk b
174/9 16 L 15
17L/9 17 06 16
17L/9 17 32 17
Track F3 174/9 20 05 18
17h/g 20 18 19
17h/! 20 30 20
174/9 20 L3 21
17L4/9 20 58 22
174/9 21 1 23
174/9 21 39 2L
174/9 21 52 25
174/9 2 05 26
17L/9 2 17 27
174/9 2 30 28




Reel &
Track No.

Track Rl

Track F5

Track R6

Track F7

174/9
175/9

175/9
175/9
175/9
175/9
175/9
175/9
175/9
175/9
175/9
175/9

175/9
175/9
175/9
175/9
176/9
176/9
176/9
176/9
176/9
176/9

176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9

176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9

GM Time
Hr. Min.
22 L3
09 25
09 Lo
09 53
10 08
10 Lo
10 52
11 05
1 19
12 40
15 06
15 k7
16 L3
17 08
17 34
20 29
09 1
09 23
09 36
09 L9
10 Ok
10 18
10 L4h
10 57
11 10
n 25
45
16 45
16 58
17 1
17 24
17 37
17 b9
18 02
L 15
18 k2
18 5k
19 o7
19 20
19 33
19 45
19 58
20 1
20 23
20 36
20 L9

74

Sequence No. Remarks

HvvowsownmeEwn H\fg

(=]

RBL&ELEE KELREBY®~ ovnsuwmrpppp p

Bad start

Out of tape, line 750




Reel &
Track No.

Reel 17

Track Fl

Track R2

Track F3

Track RL

176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
176/9
171/9
177/9
177/9

177/9
177/9
177/9
171/9
171/9
177/9
177/9
177/9
177/9

171/9

177/9
177/9
177/9
177/9
177/9
177/9
177/9
177/9

177/9
171/9
1717/9
178/9
178/9
178/9
178/9
178/9
178/9
178/9
178/9
178/9
178/9

GM Time
Hr. Min.
21 L5
21 58
22 10
2 23
22 39
22 52
23 05
23 17
23 30
23 3
09 17
09 29
09 L2
09 57
10 Lo
10 52
11 05
11 18
12 L9
15 o1
15 26
15 52
16 53
17 19
20 1
20 23
20 36
20 51
21 1
21 o5y
22 07
2 1
22 33
22 L6
09 17
09 30
09 42
09 57
10 10
12 )2
15 01
15 13
15 26
15 39

75

Sequence No. Remarks

18

No video till line 200
Restart




Reel & GM Time
Track No. Day Hr. Min, Sequence No. Remarks
Track F5 178/9 15 51 11
178/9 16 06 12
178/9 16 1 13
178/9 16 53 i
178/9 17 06 15
178/9 17 19 16
178/9 17V 3 17
178/9 17 Ll 18
178/9 17 57 19
178/9 18 10 20
178/9 18 22 21
178/9 18 35 22
178/9 18 L7 23
178/9 19 00 2l
178/9 19 13 25 Ran out of tape
Track R6 178/9 19 25 26
178/9 19 38 27
178/9 19 b51 28
178/9 20 oL 29
178/9 20 16 30
178/9 20 29 31
178/9 20 )2 32
178/9 21 )3 33
178/9 21l 57 3k
178/9 2 10 35
178/9 2 23 36
178/9 2 35 37
178/9 22 18 38
Track F7 178/9 23 o1 39
178/9 23 13 Lo
178/9 23 26 la
178/9 23 39 L2
179/9 09 22 1
179/9 09 34 2
179/9 09 47 3
179/9 10 o1 L
179/9 10 1 5
Reel 18
Track Fl 179/9 10 L4 6
179/9 10 56 7
179/9 11 09 8
179/9 1 22 9
179/9 12 43 10
179/9 15 00 1
179/9 15 26 12




Reel &
Track No.

Track R2

Track F3

Track Rl

Track F5

179/9
179/9

179/9
179/9
179/9

179/9
179/9
179/9
179/9
179/9
179/9
179/9
179/9

180/9
180/9
180/9
180/9
180/9
180/9
180/9
180/9
180/9
180/9

180/9
180/9

Hr L m o
15 51
16 42
17 24
20 08
20 20
20 33
20 L8
21 01
21 L2
21 55
22 07
2 20
22 33
22 Lé
09 50
10 05
10 17
10 L2
10 5k
1 o7
11 20
12 L5
15 01
15 26
15 51
16 L2
17 08
17 33
20 03
20 15
20 28
20 1
20 55
21
21 54
2 07
2 19
2 32
22 U5
09 05
09 18
09 30
09 43
09 58
10 1
10 L5

77

Sequence No. Remarks

13
11

15
16
17
18
19
20
21
22

KRR

S\OONIO\U\F'\»NH

&L RGEERE

19

Reset halfway through
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Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks
Track R6 181/9 10 58 8
181/9 1 10 9
181/9 n 23 10
181/9 12 L2 1
181/9 15 01 12
181/9 15 26 13
181/9 6 01 1,
181/9 16 15
Track F7 181/9 17 06 16
181/9 17 32 17
181/9 20 21 18
181/9 20 34 19
181/9 20 53 20
181/9 21 43 21
181/9 21 55 22
181/9 22 08 23
181/9 2 21 2l
181/9 22 3 25
181/9 22 L6 26
Reel 19
Track Fl 182/9 09 09 1
182/9 09 22 2
182/9 09 35 3
182/9 09 L7 L
182/9 10 02 5
182/9 10 15 6
182/9 10 43 7
182/9 10 55 8
182/9 11 08 9
182/9 un 21 10
182/9 12 n 11
182/9 12 Sly 12
182/9 13 19 13 Lost video, restart
182/9 13 3k 13
Track R2 182/9 13 27 i Lost lock line 1800
182/9 U sy 15
182/9 15 19 16
182/9 15 L5 17
182/9 16 L6 18
182/9 17 12 19
182/9 17 37 20
Track F3 183/9 09 19 1
183/9 09 32 2
183/9 09 45 3



Reel &
Track No.

Track R4

Track F5

Track R6

Track F7

183/9
183/9
183/9
183/9
183/9
183/9
183/9
183/9
183/9

183/9
183/9
183/9
183/9
183/9
183/9
183/9
183/9

183/9
183/9
183/9
183/9
183/9
183/9
183/9

18L/9
18L4/9
18L/9
18L4/9
18L/9

18L4/9

79

GM Time

Hr. Min. Sequence No. Remarks
10 00 L
10 13 5
10 L3 6
10 56 |
1 09 8
11 22 9
12 L1 10
15 06 11 Discontinued line 1700
15 31 12 Discontinued line 1700
16 00 13
16 L8 I
17 1 15
17 39 16
20 12 17
20 2l 18
20 37 19
20 50 20
21 05 21
21 L1 22
21 5k 23
22 05 2l
22 19 25
22 32 26
22 b5 27
09 37 1
09 50 2
10 05 3
10 18 L
10 L3 5
10 50 6
1 09 7
1n 21 8
12 n 9
15 27 10
16 18 1
16 L3 12
17 09 13
17 3 b1
20 20 15
20 21 16
20 L5 17
20 59 18
21 i1/ 19
21 50 20
20 oL 21
22 05 22




80

Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks
18L4/9 2 17 23
18L/9 22 30 2l
18L4/9 2, L3 25
Reel 20

Track Fl 185/9 09 23 1
185/9 09 35 2
185/9 09 L8 3
185/9 10 o1 b
185/9 10 1 5
185/9 10 27 6
185/9 10 )0 7
185/9 10 s} 8
185/9 11 o7 9
185/9 12 10
185/9 15 08 n
185/9 15 33 12 Ran out of tape

Track R2 185/9 15 59 13
185/9 16 1,
185/9 17 07 15
185/9 17 32 16
185/9 20 08 17
185/9 20 21 18
185/9 20 3} 19
185/9 20 L7 20
185/9 21 )0 21
185/9

Track F3 185/9 21 53 22
185/9 2 06 23
185/9 2 19 2
185/9 2 31 25
185/9 2 L 26
186/9 09 21 1
186/9 09 34 2
186/9 09 L6 3
186/9 09 59 N
186/9 10 12 5
186/9 10 25 6
186/9 10 38 7

Track Rl 186/9 10 53 8
186/9 11 05 9
186/9 12 L, 10
186/9 U 58 n
186/9 15 24 12
186/9 15 L9 13
186/9 16 y2 11
186/9 17 08 15



81

Reel & GM Time
Track No. Day Hr. Min. Sequence No.
Track FS 186/9 17 34 16
186/9 20 09 17
186/9 20 21 18
186/9 20 35 19
186/9 20 L9 20
186/9 21 ok 21
186/9 21 L2 22
186/9 21 55 23
186/9 2 09 2
186/9 2 22 25
186/9 22 35 26
186/9 22 47 27
Track R6 187/9 09 19 1
187/9 09 31 2
187/9 09 i 3
187/9 09 57 L
187/9 10 10 5
187/9 10 22 3
187/9 10 35 7
187/9 10 50 8
187/9 11 03 9
187/9 2 L 10
187/9 L 59 n
187/9 15 25 12
187/9 15 51 13
187/9 16 u2 1
187/9 17 o7 15
187/9 17 33 16
Reel 21
Track Fl 187/9 20 10 17
187/9 20 22 18
187/9 20 35 19
187/9 20 48 20
187/9 21 03 21
187/9 21 22
187/9 21 sy 23
187/9 22 06 2l
187/9 2 19 25
187/9 2 32 26
187/9 22 Li 27
188/9 09 33 1
188/9 09 Lé 2
Track R2 188/9 09 58 3
188/9 10 1 L
188/9 10 24 5




Reel &
Track Noe

Track F3

Track Rl

Track F5

Track R6

Dy

188/9
188/9
188/9
188/9
188/9
188/9
188/9

188/9
188/9
188/9
188/9
188/9
188/9
188/9
188/9
188/9
188/9

188/9
188/9
188/9
188/9
189/9
189/9
189/9
189/9

189/9
189/9
189/9
189/9
189/9
189/9
189/9
189/9
189/9
189/9

191/9
191/9
191/9
191/9
191/9
191/9
191/9
191/9
191/9
191/9
191/9
191/9

Hr. Min,
10 37
10 »51
1n oL
12 )43
15 59
15 25
15 50
16 L2
17 o7
17 33
20 02
20 1
20 27
20 )0
20 33
21 07
21 Lo
21 53
25 05
2 18
2 31
15 08
15 3k
15 59
16 L
17 1
17 35
20 10
20 23
20 35
20 L8
21 03
21 16
21 37
2 15
09 18
09 31
09 Lk
09 56
10 09
10 22
10 35
10 47
11 o0
1 13
1 26
1 39

Sequence No,

GREE KREBY®~o

(=

82

Remarks

Ran out of tape

Started line 13
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Reel & GM Time
Track Noe. Day Hr. Min, Sequence No. Remarks

Track F7 191/9 12 Ok 13
191/9 12 30 i,
191/9 12 55 15

Reel 22

Track Fl 191/9 19 06 16
191/9 19 19 17
191/9 19 32 18
191/9 19 L5 19
191/9 19 56 20
191/9 20 10 21
191/9 20 23 22
191/9 20 36 23
191/9 20 L9 2L
191/9 21 24 25
191/9 21 15 26
191/9 21 28 27
191/9 21 1 28

Track R2 191/9 21 Sk 29
191/9 22 07 30
191/9 22 19 31
191/9 22 32 32
191/9 22 L6 33
192/9 09 10 1
192/9 09 23 2
192/9 09 35 3
192/9 09 L8 "
192/9 10 01 5
192/9 10 1 6

Track F3 192/9 10 27 7
192/9 10 39 8
192/9 10 52 9
192/9 1 05 10
192/9 1 18 1
192/9 n 3 12
192/9 ik R 13
192/9 13 36 1
192/9 13 L9 15
192/9 L o0 16
192/ 1 1 17
192/9 n 17 18

Track R4 192/9 1, Lo 19
192/9 n 52 20
192/9 15 05 21
192/9 15 10 22



Reel &
Track No.

Track F5

Track R6

Track F7

192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9

192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9

192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9
192/9
193/9

193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9

GM Time
!{r L mn .
15 31
15 43
15 50
16 09
16 22
16 35
16 47
17 00
17 26
17 51
18 17
18 43
19 08
19 21
19 34
19 L7
19 59
20 12
20 25
20 38
20 51
21 ok
21 16
21 29
21 L2
21 59
2 1
22 2
22 37
09 06
09 19
09 31
09 24
09 57
10 10
10 23
10 35
10 L8
11 o1
n 1
1 27
11 39

Sequence No.

Remarks

23
2l
25
26
27
28
29
30
31

FREEESEREER EEYRuRRELY

ViEwn

84




Reel &
Track No.

Reel 23
Track F1

Track R2

Track F3

Track Rl

193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9

193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9

193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9
193/9

193/9
193/9
193/9
193/9
193/9
193/9
194/9
194/9
194/9
194/9

Hr. Min.
2. h21
$ 3
12 U7
13 00
13 13
13 25
13 38
13" RS
U o4
i 17
I 30
U L2
1, 55
15 08
il 21
L
15 L6
16 23
16 36
16 L9
17 %01
17 W27
17 53
18 18
NN

ig 10
19 22
19 35
19 L8
21 01
20 1
20 27
20 40
20 s3
21 06
22 19
21 31
21 Ly
21 51
2 10
21 #8223
2 3%
09 1
09 54
10 06
10 19

85

8
Sequence No. Remark

15
16
17
18
19
20
21
22
23
2l
25
26
27
28

29
30
31
32
;
3

35
36
37
38

od
ture no go
;i:ture no good

Short approx. 1000 lines
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Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks

194/9 10 32 5
194/9 10 L5 6

Track F5 194/9 10 58 7
194/9 11 10 8
194/9 n 23 9
194/9 1 36 10
194/9 1 L9 11
194/9 12 02 12
194/9 12 16 13
194/9 12 29 i1
194/9 12 L2 15
194/9 12 5 16
194/9 13 o7 17
194/9 12 20 18

19 Not recorded

Track R6 194/9 13 U5 20
194/9 13 58 21
194/9 n 1 22
194/9 24 23
194/9 36 2}
194/9 Ly 25
194/9 15 02 26
194/9 15 15 27
194/9 15 28 28
194/9 15 29
194/9 15 Sk 30
194/9 16 07 31
194/9 16 19 32
194/9 16 32 33

Track F7 194/9 16 L5 3L
194/9 16 58 35
194/9 17 23 36
194/9 17 L9 37
194/9 18 15 38
194/9 18 Lo 39
194/9 19 06 Lo
194/9 19 19 I
194/9 19 31 k2

Reel 2

Track F1 196/9 15 Not recorded
196/9 12 53 16
196/9 13 06 17
196/9 13 18 18
196/9 13 31 19



Reel &
Track Noe

Track R2

Track F3

Track R4

Track F5

ELERERERERE KGGREEEEES

NN DN | el
NHI—‘PHI—'OOOG\OG

n N
NN

DO N
HHEHHEHONO

NN
mroNOND

Sequence No.

Remarks

20
21
22
23
2l
25
26
27
28
29

o=y oNnEwWN
REE® .

87
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Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks

198/9 09 59 1
198/9 10 12 2
198/9 10 25 3
198/9 10 37 N
198/9 10 50 5
198/9 11 03 6
198/9 1 15 7
198/9 n 28 8

Track R6 198/9 1n 1 9
198/9 n sy 10
198/9 12 07 1
198/9 12 22 12
198/9 12 35 13
198/9 12 48 i1
198/9 13 01 15
198/9 13 13 16
198/9 13 26 17
198/9 13 39 18
198/9 13 52 19
198/9 n 05 20
198/9 17 21

Track F7 198/9 i1 30 22
198/9 L L3 23
198/9 19 01 2y
198/9 19 1 25
198/9 19 26 26
198/9 19 39 27
198/9 19 52 28
198/9 20 05 29
198/9 20 17 30
198/9 20 30 31

Reel 25

Track F1 198/9 20 56 33
198/9 21 08 3l
198/9 21 21 35
198/9 21 3 36
198/9 21 47 37
199/9 10 08 1
199/9 10 21 2
199/9 10 34 3
199/9 16 47 N
199/9 11 00 5
199/9 n 12 6
199/9 nm 25 7
199/9 1 38 8



Reel &
Track No.

Track R2

Track F3

Track R4

Track FS

GM Time
Hr. Min,
12 &5
12 34
12 L7
13 00
13 13
13 25
13 38
13 51
1 oL
1 18
n 31
U L3
1, 5
15 09
18 18
18 35
19 01
19 1
19 26
19 39
19 52
20 05
20 18
20 30
20 43
20 56
o, 17
oh 18
2 30
22 L3
09 50
10 20
10 32
10 LS
10 58
1 1
n 2
n 38
12 17
12 29
12 47
12 55
13 08
n 21
13 03

Sequence No.

89

Remarks

9
10

GEEREBY®N0 niFwnHEELwWwNRR
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Reel & GM Time
Track No. Day Hr. Min, Sequence No. Remarks

201/9 13 47 16
201/9 1, o0 17
201/9 n 12 18

Track R6 201/9 b 25 19
201/9 1, 38 20
201/9 1 5 21
201/9 15 03 22
201/9 15 16 23
201/9 15 29 2l
201/9 15 )2 25
201/9 15 5 27
201/9 16 o7 26
201/9 16 20 28
201/9 16 33 29
201/9 21 02 30

Track F7 201/9 21 15 31
201/9 21 27 32
201/9 21 40 33
201/9 21 52 3L
201/9 2 06 35
201/9 22 18 36
201/9 2 31 37
201/9 22 bl 38

Reel 26

Track Fl1 202/9 08 59 1
202/9 09 12 2
202/9 09 25 3
202/9 09 38 L
202/9 09 51 5
202/9 10 oy 6
202/9 10 16 7
202/9 10 29 8
202/9 10 L2 9
202/9 10 55 10
202/9 11 08 n
202/9 n 20 12
202/9 11 33 13
202/9 1 L6 1,

Track R2 202/9 12 18 15
202/9 12 31 16
202/9 12 )43 17
202/9 12 &5 18
202/9 13 08 19
202/9 13 21 20
202/9 13 33 21




Reel &
Track No.

Track F3

Track Rl

Track F5

Track R6

202/9
202/9
202/9
202/9

203/9
203/9
203/9
203/9
203/9
203/9
203/9
203/9
203/9
203/9
203/9
203/9
203/9

203/9
203/9
203/9

GM Time

Hr. Min.
13  Lé
13 59
n 12
n 25
09 Lo
09 53
10 06
10 19
10 31
10 L
10 57
11 10
1 23
1 35
1a L8
12 00
12 33
12 L5
12 58
13 21
13 37
13 50
1 02
1 15
n
1 54
15 06
15 18
15 32
15 b5
15 50
16 1
1% 25
16 38
oy ok
oh 21
ok 37
ok L7
05 00
05 26
05 L5
06 06
09 1
09 2L
09 L3
09 55

Sequence Nod

Remarks

22
23

RE

BGE BREgCe~onswmr

HovouowmE whohopo e

(=]

Abort
Abort

91



92

Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks
20L/9 10 08 1n
20L/9 10 21 12
204/9 10 34 13
20L/9 10 L7 il
20L4/9 10 59 15
Track F7 20L4/9 11 12 16
20L/9 1 25 17
20L4/9 n 38 18
Reel 27
Track F1 20L/9 12 17 19
20L4/9 12 29 20
20L/9 12 L2 21
204/9 12 53 22
20L/9 13 08 23
20L/9 12 22 2l
20L4/9 13 34 25
20L/9 13 W7 26
204/9 1 00 27
204/9 L 13 28
20L/9 2% 29
20L/9 L 39 30
20L/9 L 51 31
20L4/9 15 05 32
Track R2 20L/9 15 18 33
20L/9 15 32 3k
204/9 15 L5 35
20L/9 15 57 36
20L4/9 16 12 37
204/9 16 24 38
20L/9 16 37 39
204/9 16 50 Lo
20k/9 17 03 Il
205/9 09 30 1
205/9 09 L3 2
205/9 09 56 3
205/9 10 09 L
Track F3 205/9 10 22 5
205/9 10 35 6
205/9 10 L7 7
205/9 11 00 8
205/9 1 13 9
205/9 n 30 10
205/9 1 1
12

[
N




Reel &
Track No.

Track Rl

Track F5

Track R6

Track F7

GM Time
Hr. Min.
12 35
12 L8
13 01
13 13
13 26
13 39
13 - 52
05
U 17
L 29
L
1, 5k
15 07
15 70
19 03
19 15
19 29
19 ke
19 sk
20 07
20 20
20 33
22, sl
22 2L
22 36
22 50
10 00
10 13
10 26
10 38
10 ©51
11 oL
n 17
11 29
1 L2
12 21
12 34
12 7
13 00
13 13
13 25
13 38
13 51
1, O
b 17

Sequence No.

Remarks

BERERE GREBYeonEw nE

93



94
Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks
207/9 n 30 20
207/9 L 42 21
207/9 n 55 22
207/9 15 08 23
207/9 15 2 2l
207/9 15 3L 25 No good
207/9 26
207/9 16 01 27
Reel 28
Track Fl 207/9 18 1 29
207/9 18 Lo 30
207/9 19 05 31
207/9 19 18 32
207/9 19 31 33
207/9 19 L 3L
207/9 19 57 35
207/9 20 09 36
207/9 20 22 37
207/9 20 35 38
207/9 20 L7 39
207/9 22 00 Lo
Track R2 207/9 21 13 la
207/9 21 27 k2
207/9 21 Lo L3
207/9 21 53 inn
207/9 22 06 L5
207/9 2 19 L6
207/9 22 31 L7
207/9 22 L8
208/9 10 ol 1
208/9 10 17 2
208/9 10 29 3
Track F3 208/9 10 L2 L
208/9 10 55 5
208/9 11 08 6
208/9 n 7
208/9 1n 33 8
208/9 n L 9
208/9 12 36 10
208/9 12 L9 11
208/9 13 02 12
208/9 13 15 13
208/9 13 28 I



Reel &
Track No.

Track RL

Track F5

Track R6

Track F7

Hr L] m .
13 ko
13 53
1, 06
19
ke
1 55
15 o7
15 20
15 33
15 L6
150 59
16 11
1% 2
16 37
17 16
17 L
18 o7
18 38
19 oL
19 17
19 30
19 k2
190 5%
20 08
20 21
20 34
20 Lé
20 59
21 12
21 25
21 38
21 51
2 00
2 16
2 29
2
09 12
09 25
09 38
09 50
10 03
10 16
10 28
10 L
10 sk

Sequence No.

Remarks

15
16
17
18
19
20
21
22

o o onmEwWwNh

Ran out of tape
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Reel & GM Time
Track No. Day Hr. Min. Sequence No. Remarks
Reel 29
Track F1 209/9 Tape change
209/9 1 20 1
209/9 1 33 12
209/9 1 sk 13
209/9 12 32 U,
209/9 12 L5 15
209/9 12 58 16
209/9 13 10 17
209/9 13 23 18
209/9 13 36 19
209/9 13 L9 20
209/9 1, 02 21
209/9 1 22
209/9 32 23
Track R2 209/9 45 2,
209/9 U 50 25
209/9 15 1 26
209/9 15 2, 27
209/9 15 37 28
209/9 15 L9 29
209/9 16 02 30
209/9 1% 15 31
209/9 16 28 32
209/9 ¥ 0 33
Track F3 209/9 17 19 3k
209/9 17 LS 35
209/9 18 10 36
209/9 18 36 37
209/9 19 1 38
209/9 19 27 39
209/9 19 Lo Lo
Reel 30
Track Fl 210/9 09 26 i)
210/9 09 38 2
210/9 09 51 3
210/9 10 0k b
210/9 10 17 5
210/9 10 29 6
210/9 10 L2 7
210/9 10 55 8
210/9 11 08 9
210/9 n 21 10
210/9 11 33 1



Reel &
Track No.

Track R2

Track F3

Track R4

Track F5

Track R6

Dy

210/9
210/9
210/9

210/9
210/9
210/9
210/9
210/9
210/9
210/9
210/9

210/9
210/9
210/9
210/9
210/9
210/9
210/9
210/9

210/9
210/9
210/9
210/9
210/9
210/9
211/9
211/9
211/9
211/9
211/9
211/9

211/9
211/9
211/9
211/9
211/9
211/9
211/9
211/9
211/9
211/9
211/9
211/9

211/9
211/9

Hr.

Sequence No.

Remarks

12
13

97




Reel & Time

Track No. Day Hr. Min. Sequence No. Remarks
211/9 24 21
211/9 37 22
211/9 . 1, 50 23
211/9 15 02 2L
211/9 15 15 25
211/9 15 28 26
211/9 15 3 27
211/9 15 54 28
211/9 16 06 29
211/9 6 19 30
211/9 16 32 31
Track F7 211/9 16 L5 32
211/9 16 58 33
211/9 17 18 3k
211/9 17 3 35
211/9 17 L3 36
211/9 17 %6 37
211/9 18 09 38
211/9 18 22 39
211/9 18 35 Lo
211/9 18 L7 L1
211/9 19 00 L2
211/9 19 13 L3
211/9 19 26 Lk
Reel 31
Track F1 211/9 19 o1 L6
211/9 20 04 L7
211/9 20 17 L8
211/9 20 30 L9
211/9 20 L2 50
211/9 20 55 51
211/9 21 08 52
211/9 21 21 53
211/9 21 3L sh
211/9 21 L7 55
211/9 21 59 56
211/9 2 12 57
211/9 22 25 58
Track R2 211/9 22 38 59
212/9 09 08 1
212/9 09 21 2
212/9 09 33 3
212/9 09 L6 L
212/9 09 59 5
212/9 10 12 6




Reel &
Track No.

Track F3

Track RL

Track F5

Track R6

212/9
212/9
212/9
212/9

212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9

212/9
212/9
212/9
212/9
212/9
212/9
212/%
212/9
212/9
212/9
212/9
212/9
212/9
212/9

212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9
212/9

212/9
212/9
212/9

Time
Hr. Mirl'
10 25
10 37
10 50
11 03
o a I 1
11 28
i 12
12 19
12 32
12 L5
12 58
13 11
13 23
13 36
13 L9
1 02
iy 15
i 13
T IV
1 55
15 08
15 21
15 3L
15 Lué
15 59
16 12
16 25
16 39
16 52
17 05
17 18
27 31
17 L3
17 56
18 09
18 22
18 35
18 L7
19 02
397 I
19 30
19 L3
19 55
20 09
20 /9y

Sequence No.

99

Remarks




89088243b21

AAVRIIARRE

b89088243621a 156
Reel & Time
Track No. Day Hr. [fin. Sequence No. Remarks
212/9 20 34 52
214/9 N 1
21L/9 5k 2
21l/9 15 07 2
21L/9 15 22 3
211,/9 15 22 N
21L/9 15 35 5
21L/9 15 50 6
21L/9 16 03 7
Track F7 21L/9 1% 16 8
21L/9 16 28 9
214/9 16 1 10
21L/9 16 Sk 11
21l/9 17 07 12
21L/9 17 19 13
214/9 17 32 i
21L4/9 17 L5 15
214/9 il 58 16




