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THE AIRBORNE ITPR BRASSBOARD EXPERIMENT

W. L. Smith, D. T. Hilleary, E. C. Baldwin, W. Jacob, H. Jacobowitz,
G. Nelson, S. Soules, and D. Q. Wark

National Environmental Satellite Service
National Oceanic and Atmospheric Administration

Washington, D.C.

ABSTRACT. A preprototype (brassboard model) Infrared
Temperature Profile Radiometer (ITPR) was tested on
the NASA Convair-990 aircraft expedition during June
1970. The objectives of the airborne ITPR experiment
were to obtain data to test various techniques planned
for deriving temperature soundings from spaceborne
ITPR measurements and to specify the transmission
characteristics of the atmosphere and clouds. This
paper describes the instrument and shows various
results obtained from the airborne measurements.

I. INTRODUCTION
Objectives

A preprototype (brassboard model) Infrared Temperature Profile Radio-
meter (ITPR) was tested on the NASA Convair-990 aircraft during June 1970.
The ITPR measures the earth-atmosphere upwelling radiance in five narrow
spectral channels whose detailed spectral characteristics are summarized in
Section Il of this report. The spectral intervals were chosen to obtain
radiance observations similar to those collected by spacecraft instruments
designed for sounding the distribution of the atmosphere’s temperature and
water vapor. A spacecraft version of the ITPR is assembled for the Nimbus 5
spacecraft to be launched in 1972. The objective of the airborne ITPR brass-
board experiment was to provide data for detailed study of various problems
of atmospheric remote sensing. The specific objectives of the ITPR experi-

ment in the CV-990 were:

(1) To obtain data to test a proposed technique for the deduction of
clear-column radiances, and hence the atmospheric profile down to
the earth’s surface, from cloud-contaminated remote observations.
(Section V summarizes some of the results of.this test.)

(2) To obtain radiance measurements in a cloudless atmosphere so that
the atmospheric transmission characteristics of the ITPR spectral
intervals could be determined. (Section VI summarizes these results.)

(3) To obtain radiance measurements through various types of clouds so
that the spectral transmittance characteristics of clouds could be
studied. (Section VIl summarizes these results.)



The CV-990 Expedition

The ITPR was flown aboard the NASA Convair-990 during the June 1970
meteorological expedition conducted by the Goddard Space Flight Center and
the Airborne Science Office of the Ames Research Center. The CV-990
meteorological expedition consisted of 10 flights, each with a duration of
about 5 hours. Figures 1-1, 1-2, 1-3, and 1-4 show the date, time, and
ground track of each flight. The expedition covered a wide range of latitude
(28°N-80°N) and terrain (desert, mountains, vegetated land, ocean, and ice);
a wide variety of weather conditions was also sampled.. The 10 flights
collected a sample of airborne radiance data almost as diverse as radiance
data obtained by earth-orbiting satellites. This report describes the ITPR
instrument, its airborne radiance measurements, and the application of these
data to solutions of various atmospheric radiative transfer problems.

I1. ENGINEERING DESCRIPTION AND EVALUATION

The Instrument

The preprototype Infrared Temperature Profile Radiometer (ITPR) is a five-
channel filter radiometer. Each channel measures radiances in a different
spectral interval. The channel spectral characteristics and the pertinent
atmospheric absorption bands are shown in Table 1l1-1. Figure 11-1 shows the
measured transmittance of the spectral filters in channels 1 through 5.

The instrument collects infrared energy with five identical optical

telescopes, all of which are oriented to view a common field via a scan
mirror. Table 11-2 is a summary of the ITPR optical characteristics, figure

11-2 is a system block diagram of the instrument electronics, and figure 11-3
shows the optical design of a typical channel.

The radiation beams sensed by the five telescopes are chopped by a
common mechanical chopper operating at 23.5 Hz, and are then spectrally
filtered. A thermistor bolometer detector behind each telescope converts
the chopped radiation energy into a proportional AC electrical signal. The
signals are amplified and processed through separate electronic channels,
each including a synchronous demodulator and a post-demodulation filter.

The 1TPR is.composed of two units: the optics unit (fig. 11-4) which
contains the scan mirror drive assembly, optics deck, a.c. amplifiers, a
thermistor bolometer bias power supply, and a housing calibration surface;
and the electronics unit, which contains the channel demodulators, scan
logic, temperature monitor circuits, clocks, command relays, and an instru-

ment power supply.

The optics deck (fig. I11-5) contains the channel telescopes, an optical

chopper assembly, and the detectors. In the chopper assembly an arrangement,
utilizing a galium arsenide light-emitting diode and a photo transistor,

generates a phase reference signhal for the synchronous demodulator of each
channel.

The ITPR analog signal channel (the preamplifier, amplifier, and
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Table 11-1.—Summary of ITPR spectral characteristics

Energy-weighted

central Half-power
wavenumber bandwidth Absorption

Channel cm*l enT-1- band

1 532.5 (18.8pm) 30 h2o

2 898.5 (11.1pm) 80 Window

3 747.0  (13.4pm) 20 co?

4 732.5  (13.7pm) 20 Q0 g

5 708.0  (14.1pm) 20 co?

Table 1I-2.—Summary of ITPR optical characteristics

Number of channels Five, each with separate telescope
Optical FOV (half power) 3.0°
Objective optics Aspheric Cassegranian
Entrance aperture diameter 4.52 cm
Focal length 14.50 cm
Optical speed /3.2
11.9 cm2

Effective aperture
Condensing optics Refractive

(Entrance aperture imaged on
detector)

Scan mirror Flat Ni-plated aluminum alloy
substrate-overcoated with Al and
Sio
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Figure 11-4.—ITPR optics unit.

Figure 11-5.—ITPR optics deck containing the channel telescopes.
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synchronous demodulator) is a modified version of the circuitry designed for
the NIMBUS 4 SIRS (Wark et al. 1970). The input stage is a differential
amplifier in the Middlebrook configuration using a matched pair of Field
Effect Transistors selected for low noise and high transconductance
(Middlebrook and Taylor/1961). As in the NIMBUS 4 SIRS, the three-stage
amplifier section is capable of producing total gains of 1.4 x 10s. Indivi-
dual hybrid voltage regulators are used to decouple each amplifier from the
power supply to reduce noise and to limit channel crosstalk to better than
-60db. A thermistor mounted on the detector case, but electrically a part
of the feedback loop of the amplifier second stage, is used to adjust the
gain to compensate for the change of detector responsivity as a function of
temperature (Barnes Engineering Company/1958). ITPR had a gain compensation
to within 2 percent.

One of the problems inherent in a radiometer in which an opaque
mechanical chopper is used to modulate incoming scene radiances is the need
to correct the signal component caused by sensed radiant energy emitted by
the chopper. Since the modulated energy reaching the detector is basically
a function of the difference between the temperatures of the scene and the
chopper, the instrument channel calibrations are affected by changes in the
chopper temperature. In the ITPR, the chopper temperature is sensed by a
thermistor embedded in a ,Jradiation coupler plate” adjacent to the chopper.
The thermistor is designed into a compensation network (chopper offset
generator) which produces ad.cloffset signal. The offset signal is summed
with the radiation difference signal to reduce the dynamic range of the
measurement and optimize signal telemetry. The offset signals generated for
each ITPR channel compensate the output signals for the spectral radiance of
the chopper to within 2 percent. A more detailed description of the chopper
offset generator and its function appears below.

The following radiometric analysis indicates how a channel calibration
should change as a function of varying instrument component temperatures.
Each channel senses the chopped radiation (or the difference in radiant
power at the detector which results from opening the chopper). The first
equation below applies when a chopper port passes all of the sensed beam,
and the second equation is applicable when the chopper completely obscures
the beam.

A ft n Av [0.74 Pms Mml fmeB(Ty +
0.26 p B(T ) + 0.74 Pl ym2 £m§B(Tmo) +

0.74 P 5 emﬁB(TﬁmD +e oB(Mm9)] + P ar-n

P2 = A n AV B(TC) + Pa (11-2)

where:

Pj_ is the radiative power reaching the detector with the chopper com-
pletely open and P2 is the radiative power reaching the detector
with the chopper completely closed;
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T D4 and D is the outside diameter of the effective primary
mirror stop (11.9 cm2);

a is the solid angle of the 'Thalf power” field of view of the channel
(2.16 x 10*3 steradian);

n is the effective transmission of the filter and lenses weighted for
the associated spectral bandwidth;

and are the spectral transmissions of the filter and lenses,
respectively;

B(T) is the effective blackbody radiance in the spectral interval Av
at blackbody temperature T and

n Av B(T) = /7 Tf1j_ B(v, T) dv;

Tg and are the effective blackbody temperatures of the scene and the
chopper, respectively;

Tg is the blackbody temperature of the channel components whose
emissions reach the detector via the central portion of the primary
aperature obscured by the secondary mirror;

Tml5 Tm29 Tms are temperatures of the primary, secondary, and scan
mirrors, respectively;

PmiJ Pm2> Pms are reflectances of the primary, secondary, and scan
mirrors;

Pa is the sensed radiation emitted by components on tfi” detector side

of the chopper”

The numerical constant 0.74 is necessary because 26 percent of the
channel entrance aperture, A, is obscured by the secondary mirror and
spider as shown in figures I1-3 and IlI-5. The second term in the brackets
occurs because the detector views the obscured portion of the aperature. It
senses radiation emitted by the cylindrical baffle tube and other components
in reflections from the central part of the secondary mirror.

The other terms in equation (11-1) represent radiation emitted by the
mirrors. The radiation power, P”, emitted by components on the detector
side of the chopper and reaching the detector is eliminated by subtracting
equation (11-2) from equation (11-1). Equation (11-3) was written in terms
of the root-mean-square value of the chopped radiant power on the detector.
Matched mirror reflectances and equal primary and secondary mirror tempera-
tures have been assumed.

Prms = C1 (P1L " P2) = ci A fl n Av [0.74 p3 B(TS) +
0.26 p B(Tq) + 0.74 p2 e B(Tms) + (11-3)
(1.74e - 0.74e2) B(Tml) - B(TO)]
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(j_ is a factor to convert the amplitude of the radiant power wave-
form (P1 - to root-mean-square, prms* The factor
depends upon the shape of the radiant power waveform created by
the chopper port passing through the sensed beam and depends
upon the relative sizes of the beam and the port.

The higher order emissivity term has been dropped from equation (11-4).
This equation has been arranged to show that the channel must be considered
to measure not only the differences between the chopper radiance and that of
the scene, but also to some extent the differences between the chopper radi-
ance and the obscuration and mirror radiances.

- Aft n Av {[0.74 - 2.22¢e] [B(T-) - B(T )]
rms -L A c

[0.26 - 0.26e] [B(TQ) - B(TO)]

+

(11-4)

+

0.74e [B(Tms) - B(TO)]

+

1.74e [B(TmN) - B(TC)]}
, Where e =1 - p

The relative sensitivities of the signal to target radiances, and to
mirror emissions, can be estimated by assuming mirror reflectances and
emissivities. The ITPR mirror surfaces are aluminum overcoated with a 0.15-
micron thickness of silicon monoxide. Reflectivities of 96 percent and
emissivities of 4 percent were assumed to obtain equation (11-5). These
values may be pessimistic, but the cleanliness of the mirrors could not be
maintained during the flight test program.

Prms = Ci A ft M\ {0.65 [B(TS) - B(TCO)]
+ 0.25 [B(Tq) - B(TC)] + 0.03 [BA™) - B(TO) (11-5)
+ 0.07 [B(TmI) - B(TO)]}

It is apparent that the instrument calibration can be affected signi-
ficantly by temperature changes in the chopper, obscuration, telescope
mirror, and scan mirror. The chopper temperature is indirectly sensed in the
ITPR. The rotating chopper is radiatively coupled to a "radiation coupler
plate" which contains thermistor temperature sensors. One thermistor cir-
cuit output is used only as a monitor; another is used with the chopper off-
set generator circuitry mentioned above.

The chopper temperature monitor was calibrated indirectly. The optics

deck was mounted in a temperature-controlled fixture and set up to measure
spectral radiances from a blackbody source. The optical path was purged with
nitrogen. The amplitudes of the AC signals were brought to zero, at the out-
put of the amplifiers, by adjusting the blackbody temperature. This proce-
dure was repeated for several instrument temperatures. In each instance, the
instrument and source were allowed to reach thermal equilibrium.

The relationship of the channel output signal to the chopped radiance
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can be simplified to the following equation:

sdc = c2 R(Td) G~ Tj) H G2 + X(TC) (H-6)
where:

S~c is the doc.voltage at the analog electronic channel output.

R(Td) is the single flake thermistor bolometer responsivity in volts
rms/watt rms (including all harmonic components) which is a function
of detector temperature (Barnes Engineering Company 1958).

C2 is a constant factor necessary to adjust the single flake responsiv-
ity specified by the bolometer manufacturer. It corrects the
responsivity for the bolometer bias voltage, the chopping frequency,
and the signal loading by the compensating thermistor flake
(Barnes Engineering Company 1958).

GI(Td) is thea.c.amplifier gain which has been made a function of

detector temperature so that the product R(T,) G-,(Td) is approxi-
mately constant (Barnes Engineering Company 1969).

H is a factor which relates the DC output of the synchronous demodula-
tor to the rms of the AC signal waveform. The amplifier bandwidth
passes all of the significant signal components.

G2 is the effective signal gain in the post-demodulation filter which
includes a DC amplifier.

X(TC) is the chopper-offset-generator signal component as measured at
the channel output.

Combining (11-5) and (11-6):
Sdc = ci C2 A A n Av R(Td) G1(Td) H G2
{0.65 B(Tg) + 0.25 B(T ) + 0.07 B(Tml)
+ 0.03 B(Tms) - B(TC)} + X(TC) (11-7)

The changes of detector responsivity with temperature are partially
compensated as mentioned above. The circuitry was adjusted empirically

to make the product of detector responsivity and AC amplifier gain
constant, within +2 percent, over the temperature range 10° to 40°C. The

slope of each channel’s output versus the pertinent spectral radiance of a
blackbody test source was determined from instrument temperatures of 10°, 25°
and 40°C. The 10° and 40°C slopes were fTinally equalized by adjusting the
value of a resistor in series with the thermistor. The slope at 25°C was
about 2 percent greater than at other temperatures

The chopper offset generator signal is expressed in equations (11-6) and
(11-7) in terms of its effect at the channel output, because the d.c.
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amplifier actually amplifies the fixed offset signal component, the variable
offset signal component, and the synchronous demodulator output signal by
different factors. Different input resistors are used at the summing junc-
tion of thed.c.operational amplifier for the various signal components.

Equation (11-8) shows the desired offset term assuming that T = Tc.
Equations (11-9) and (11-10) show the form of the offset signals generated
by the chopper offset generator circuitry shown in figure 11-6.

X(TC) = 0.74 p3 A a n Av R(Td) H G2 B(TC) (11-8)

X(TC) = G3 R7 el + G4 Ei/R3 +rd4 +r5 \

R6 (11-9)
o T..+ R, \]
Rg + Rt \r2 +rd3 +rd4 + r5
Rp = R exp 6 (i_- i) (11-10)
1 (o] T T
c 0

G 1is thed.c.amplifier gain for the variable chopper offset signal.
is thed.c.amplifier gain for the fixed chopper offset signal.
Rg and Ry are resistances as indicated in figure 11-6.

Rj, Is the resistance of thermistor temperature sensor mounted on the
radiation coupler plate. RQ is its resistance at temperature TQ.

3 is a property of the thermistor material.

The chopper offset term has not been combined with other terms in equa-
tion (11-7) because of the manner in which the flight data were processed.
The fixed voltage E1 and the variable voltage corresponding to the bracketed
portion of equation (11-9) were separately digitized and recorded with the
channel output data and used to compute X(TC) from equation (11-9). The
computed X(TC) was then subtracted from the recorded channel output, S~c.

In practice, the offset generator circuitry only served to compress the
range of the recorded data. The proper performance of the generator circu-
itry was checked by comparing the variable portion of X(Tc) against the
values of Tc measured by the monitoring thermistor.

It can be shown from equation (11-7) that the primary and secondary
mirror temperatures could be allowed to change about 1.5°C, or that the scan
mirror temperature could change about 3°C before the spectral radiances

deduced from an initial instrument calibration would err by more than 0.25
ergs/cm2 s sr cm”1l. The mirror temperatures were not measured.

Variations in the chopper and obscuration temperatures would be much
more serious. The temperature of the radiation coupler plate was measured
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but could not be considered a satisfactory indicator of chopper or obscura-
tion temperature except when the instrument temperature was not changing.

Aircraft Installation and Flight Testing

The instrument, attached to a special frame which included a remotely
controlled door assembly, was mounted in the forward cargo compartment of
the aircraft. The NASA Convair-990 is fitted with windows near the bottom of
its cargo compartments. A tubular section of the frame penetrated the air-
craft fuselage through a mating sleeve in a dummy window plate, allowing the
radiometer a clear view of the earth beneath the aircraft. O-ring seals
between the instrument and frame and the tube and window sleeve maintained
the pressure integrity of the cargo compartment.

Two blackbody radiation sources were installed with the radiometer.
The scan mirror indicated in figure 11-3 could be rotated on command so that
the channels viewed (1) the earth beneath the aircraft, (2) a warm blackbody
operated at about 50°C, (3) the instrument’s housing calibration surface, or
(4) a cold blackbody operated at a temperature between 0° and -40°C. The
radiating surfaces of the blackbodies consisted of V-grooves milled into

copper plates and coated with 3M401 *"Black Velvet' paint.

1 The cold blackbody was designed as an integral part of a small 5-liter
dewar and was cooled by liquid nitrogen (LN2). A larger (45-liter)
storage dewar contained enough LN2 for flights of 4 to 6 hours. Thermistors
sensed the liquid level in the small blackbody dewar, and a liquid level
controller automatically valved LN2 from the larger dewar when it was
required. Nitrogen gas boiled off from the small dewar was used to purge
the instrument’s optical path prior to opening the remotely controlled door,
and to cool the warm blackbody thermal sink.

The blackbody temperatures were controlled to about 0.2°C. Commercial
thermocouple deviation amplifiers were used to sense the blackbody tempera-
tures and to drive temperature controllers which provided signals to Silicon
Control Rectifier power units that powered the blackbody resistance heaters.
Thermistors embedded in the radiator plates were used to read out the radia-
tor temperatures. The thermistors were calibrated in situ against certified
thermocouples, also embedded in the plates; however, these thermocouples
were not read out during the flights.

During the flight attempts were made to determine the channel calibra-
tions (using two blackbody temperatures) whenever the instrument temperature
changed significantly. The housing calibration surface proved to be unre-
liable for calibration because of internal thermal gradients.

The instrument, the blackbodies, the supply, and other auxiliary
equipment were controlled and monitored from a console located in the air-
craft passenger cabin. The instrument’s infrared and housekeeping data were
multiplexed, digitized, formatted, and recorded on a digital tape recorder.
An auxiliary multiplexer and analog-to-digital converter transferred data to
a paper tape printer which generated an inflight printout of the infrared
data and selected housekeeping data.
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111. MEASUREMENT CHARACTERISTICS

The spectral radiance, 1Vq (p-£), measured in any spectral channel of
the airborne ITPR at the pressure level, pt over a cloudless atmosphere is
given by the radiative transfer equation

WPt)= BvO(Po>Tvo (Pt’PO) "™ /!° Bvo(p) dTvo(Pt>p) d InP (Il11-D
pt d Inp

where BVQ(p) is the Planck radiance source function at pressure level p and
the channel central wave number, vo. X (p™p) is the mean spectral
transmittance of the atmosphere between the pressure levels defined by

TVo(pt,p) = /“«vTv(pt,p)dv//“~dv (1-2)

where dv is the channel response function. The Planck radiance is given by

BVo(p) = 2hc2vQ3/{exp(hcVo/k T(p))-1} (an-3)

where h = 6.6237 X 10-2" erg sec, ¢ = 2.99791 X 10“*§ cm sec-"* and
k = 1.38024 X 10-16 erg deg“l. T(p) is the atmospheric temperature at the

pressure level p. The equivalent blackbody (brightness) temperature sensed
by any channel is

Tvo(Pt) = hcvo/k In {2hc2v03/1vo(pt)+1} (-4

Channel 1 (vQ = 532.5 cm“l) measures the radiation upwelling from the
earth and atmosphere within a semitransparent spectral region of the rota-
tional water vapor band. The radiance measured in this spectral interval
can be interpreted in terms of the total amount of water vapor in the
atmospheric column below the iInstrument sensor.

Channel 2 (v» = 898.0 cnT?) measures most of the radiation emitted from

the earth’s surface and clouds below the sensor. The radiation measured in
this "atmospheric window'" channel is only slightly attenuated by atmospheric
gases (primarily water vapor) and so can provide a good measure of cloud-
top and surface temperatures as well as cloud cover. Channels 3

vQ = 747.0 cm“l), 4 (vQ = 732.5 cm”l), and 5 (v = 708.0 cnf-*-) sense the
radiation upwelling in semitransparent regions or the 15ym C02 band. Since
the atmospheric CO2 distribution is known, these spectral measurements can
be interpreted in terms of the temperatures of lower, middle, and upper
layers of the atmosphere below the instrument.

Figure 111-1 shows the variation of the effective radiating altitude
for each channel at varying aircraft altitudes. The "effective-radiating-
altitude" is defined here as that atmospheric level where the air temperature
is equal to the measured equivalent blackbody temperature. Channel 5
measurements provide a good means for determining the air temperature at
aircraft level (i.e., the effective radiating pressure equals the aircraft
pressure) up to about 5,000 ft. The window channel, channel 2, senses

temperatures at and close to the earth’s surface, even under fairly moist



20

ALTITUDE (THOUSAND FEET)

29.0 15.0 7.5 0.5
_ --29.0
g CV-990 ITPR CHANNELS
N JUNE 9,1970 532.5cm-" '
m o
s 75°N 121DW 898.0cm-1 |
A 747.0cm-1 |
E 732.5 ‘ °
i .oCn- Z

708.0cm-' <
o w
= o
|_
= X
0
<
(0%
w --7.5
5
w 850 --
LL
LL
w

700 850
PRESSURE ALTITUDE (MB)
ALTITUDE (THOUSAND FEET)
401 27.7 20.1 15.0 10.0 50 1.0
)
=
y CV-990 |TPR 277
x JUNE 18, 1970
8 28°N 93°W
E o
i Z
. 201 3
© 3
= 0
<
< —-15.0
<
x 700.r
N .
=
|_
(@]
w
LL
LL
w
850 1000

PRESSURE ALTITUDE (MB)

Figure l1l1l1-1_—Variation of effective altitude with aircraft altitude for
five channels of ITPR. High latitude (Top), Subtropical
(Bottom).



21

atmospheric conditions. At high aircraft altitudes, the water vapor channel
senses radiances originating lower in the atmosphere than any of the CO,,
channels. However, from low aircraft altitudes, the water vapor channel does
not probe as deeply into the atmosphere as channels 3 or 4, because of the
relatively large concentrations of water vapor near the surface.

1IV. DATA REDUCTION AND ACCURACY

Introduction

There were almost continuous temperature variations of the ITPR optics
unit because of large variations in the environmental air temperature during
the.CV-990 flights. Therefore, accurate determination of scene spectral
radiance from a channel output required that the instantaneous thermal state
of the instrument be taken into account in the output voltage-to-radiance
transformation. Preflight calibration relations could not be applied to
inflight data because they were not obtained for the thermal conditions
encountered during flight. Furthermore, inflight calibrations, obtained by
viewing the warm and cold blackbody reference targets, could not be applied
directly to subsequent scene data unless the thermal environment remained
constant. The CV-990 experiments generally required almost continuous
variations in aircraft altitude so it was impossible to have specific
inflight calibration data for every thermal situation. As a consequence, a
multivariable calibration relationship had to be formulated for each channel
to account for all the thermal energy transfer processes affecting the out-
put signal. The coefficients of the calibration equations were determined
by least-square multiple regression from the entire sample of inflight cali-
bration data. The inflight calibrations were conducted under thermal condi-
tions covering the entire range of those encountered during scene measure-

ments.
The Calibration Equations

As discussed in section Il, the ITPR electronics were designed so that
the output of each channel would vary linearly with the spectral scene
radiance when the instrument was in thermal equilibrium. That is

B<Ts> = Ao + Al sdc (iv-1)

As indicated in equations (11-7) - (11-10), AQ and A®, are functions of the

detector responsivity, the chopper radiation, and any radiation from compon-
ents located in front of the chopper (e.g., the mirrors and portions of the

instrument reflected in the Cassegrain obscuration), as well as the chopper

offset generator variable. Expressing the detector responsivity in terms of
a cubic function of the detector temperature, the chopper radiation in terms
of the Planck function of the chopper temperature, and the remaining radia-

tion in terms of the Planck function of the housing temperature, then

6
> and Ai = dg + iézgifl (v-2)

where the C"s and d"s are constants, » = T, f2 = T~, fg = T™,
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= B(T ), f = B(Th), and fg = X(T ). (The symbols are defined in section
i.) The Planck function of the housing temperature, Th, is used to account

for all other radiation components because the mirror temperatures were not
measured. Substituting (1V-2) into (IV-1) yields the calibration equation

for each channel

f
i

B<V = iio Ffi(Ci + di Sdc> (1v-3)

where f is equal to unity,
0

The cold and warm blackbody calibration data obtained throughout all 10
CV-990 flights were used to obtain the 14 coefficients of (1V-3) by multi-
ple regression. B(TS) is merely the Planck radiance of the thermistor-
measured blackbody temperature when viewing a calibration blackbody. All the
f ."s and blackbody temperatures were measured and telemetered simultaneously
with SdG, permitting the empirical determination of (IV-3) and its applica-

tion to scene radiance data.

The resulting calibration equations were tested by application to the
calibration channel outputs, Sdc, from which they were derived. They
permitted specification of blackbody temperatures by the output of each
channel to within 0.5°C rms of that obtained independently by the blackbody
thermistors. The root-mean-square error of the blackbody thermistor temper-
atures were judged to be about 0.4°C. The random error of the channel out-
put derived scene temperatures were found to be about 0.3°C for an indivi-

dual 4-second sample.

Figure 1V-1 shows a sample of calibration data obtained for channel 3.
The dots are values of channel 3 output dc voltage, Sdc, obtained by viewing
the warm blackbody whose radiance was calculated from the thermistor-moni-
tored temperatures. There is generally a 10.0 ergs/cm2 s sr cm"l disparity
of blackbody radiance for a given output voltage of the channel. The X’s
show the same output voltages transformed into scene radiance by equation
(1v-3). The 10.0 ergs/cm2 s sr cm~l disparsity has been reduced to well
within 1.0 ergs/cm2 s sr cm-1 after accounting for the thermal conditions
of the instrument by means of equation (1V-3).

As mentioned above, the random error of a 4-second radiance sample
obtained by any channel was found to be about 0.5 ergs/cm2 s sr cm (i.e.,
0.3°C of scene temperature). Comparisons of the calibrated output radiances
indicated interchannel relative accuricies of better than 0.5 ergs/cm s sr
cm™ .

The absolute accuracy of channel output radiance is more difficult to
assess because it depends upon the effective emissivity of the blackbodies
as well as on the absolute accuracy of the blackbody thermistors. An esti-
mate of the absolute accuracy of the output radiance was obtained by compar-

ing the scene brightness temperature, measured by channel 5, the most opaque
C02 channel, with the temperature, measured by the aircraft platinum-wire.

thermometer. The brightness temperature measured by channel 5 at low alti-
tides, where the atmosphere is opaque to 15-ym radiation, or within opaque
clouds, should be close to the environmental air temperature. Figure V-2,
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which shows the comparison of the two independent air temperature measure-
ments, indicates that the absolute accuracy of the ITPR brightness tempera-
ture measurements is within the 1°C absolute accuracy of the Rosemont thermo-
meter measurements. The apparent achievement of 1 percent absolute accuracy
and 1/2 percent relative accuracy for radiance observations in the highly

unstable aircraft environment is considered remarkable.

Finally, figure (IV-3) is an example of a computer plot of measured
brightness temperatures for a small portion of flight 3 over the eastern
Pacific. Low stratus clouds existed during the observation period. The 3-
step ''staircases'" are measurements of the temperatures of the cold housing,
and warm blackbody calibration targets. The other "brightness temperatures”
are the earth-atmosphere scene temperatures. The high relative accuracy of
the brightness temperatures measured by “he various channels is clear from
the calibration data. The stability of the observations is indicated by the
lack of significant variation in brightness temperatures in the atmospheric
window channel (channel 2) during large variations in aircraft altitude. At
low altitudes all channels observe the same brightness temperature because
there is little vertical temperature variation in the atmosphere beneath
the aircraft, and the ocean and air temperatures are nearly the same. The
close examination of the ITPR data, a sample of which is given in the
appendix, will permit the reader to judge for himself the reliability of the
airborne ITPR radiance observations.

V. CLEAR-COLUMN RADIANCE DETERMINATION

Introduction

Future Nimbus satellites will carry an Infrared Temperature Profile
Radiometer (ITPR)> and 1TOS weather satellites a similar Vertical Temperature
Profile Radiometer (VTPR) instrument to measure vertical profiles of
temperature and water vapor in the earth®s atmosphere. The radiation from
clear columns of air is required for the derivation of temperature and mois-
ture profiles from high in the atmosphere to the earth®"s surface. Because
most of the earth is covered by varying amounts of clouds, a method is needed

for estimating the equivalent clear-column radiance for the many areas where
the radiometer®s field of view is partially filled by clouds. A method for

calculating the clear-column radiance from the observed total radiance has
been suggested previously (Smith, 1968). One of the primary objectives of
NASA Convair-990 brassboard ITPR flights during June 1970 was to collect
data to test this technique.

Analytical Solution

The solution for calculating the clear-air radiance contribution to the
total radiance measured over a partly cloudy atmosphere was presented by
Smith (1969). Briefly, the clear-column radiance for any frequency, v, is
obtained from two spatially independent radiance measurements through the

solution of
Icir(v) = B> - M*I2W -0
(1-N*)
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where lcqr(v) is the clear-column radiance and I*(v) and ~(v) are the two
spatially independent radiance measurements. The parameter N* is the ratio
of the fractional cloud covers of the two fields of view. N* is determined
from corresponding atmospheric "window" radiometric observations, I(w). It
follows from (V-1), applied to the window region, that

N* = Nx _ lclr(w) _ Ix(w) v-2)
N2
where the clear-air radiance for the window region is assumed known. Iclr(w)

will be determined from the simultaneous 11-ym and 3.7-ym window measurements
to be obtained by the spacecraft version of the ITPR (Smith and Jacob, 1972).

Elements 1 and 2 are chosen so that 11(w)>12(w), which restricts N* to
1>N*>0.

The above solution for the clear-column radiance is valid only when the
geographical variation of observed radiance is due to a variation of frac-
tional cloud cover in the adjacent fields sampled. A variation of either
atmospheric temperature or cloud height would produce erroneous values of NY
and Icl (v). Therefore, the two spatially independent observations should be
geograpfiycally close to each other so that variations in the observed radi-
ance will tend to be caused only by cloud cover variations. The ITPR and
VTPR are designed for high spatial resolution and contiguous sampling to
ensure geographically close observations} to increase the probability of
clear fields of view, and to produce a large number of independent estimates
of clear-air radiance for a given geographical area.

The "noise"™ level of the deduced clear-air radiances will be larger than
the measurement noise. It can be seen from equation (V-1) that the clear-
air radiance noise level is about 1/(1-N*) times as large as the measurement
noise. Consequently, the instrument noise level must be kept relatively low.
On the other hand, the spatial resolution must be sufficiently high so that
most of the N* values will be much less than unity. The satellite versions
of the ITPR and VTPR temperature sounding radiometers have been designed to
scan spatially and contiguously with instantaneous resolutions of 21 and 30
n.mi. , vrespectively, and to achieve noise levels of less than 0.5 percent
of the signal levels (i.e., 200/1 signal-to-noise ratios).

Aircraft Test Results

On June 12, 1970, high-altitude (41,000 ft) ITPR radiance observations
were obtained above broken altocumulus and stratocumulus clouds over the
Pacific Ocean at 46°N, 133°W. Clear-air measurements were obtained on
either side of the broken cloud region, and clear-air radiances were calcu-
lated from the cloud-contaminated observations.

Figure V-1 shows the measured window radiances (ergs/cm2 s sr cm-1)

during the period. Clear observations were obtained near 23:37:20 and
23:44:20 GMT. The actual clear-air radiance measured by channel 2 was about

84.0 ergs/cm™ s sr cm-1 (279°K). Cloud-contaminated radiances measured in
the window channel were as low as 50 ergs/ cm2 s sr cm“i (250°K).
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mFigure V-1_.—"Window" radiances measured by ITPR 11.1-ym CO2 channel.
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23=45

Figure V-2. N distribution calculated for adjacent fields of view from
11.1-ym radiance measurements.
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Assuming a clear-air window spectral radiance of 84.0, we calculated N*
for the adjacent fields of view which were observed about 4 seconds apart.
Figure V-2 shows the resulting distribution of N*. Values of the dear-
column radiances were then calculated from the adjacent observed radiances
in the three-temperature-sounding C02 channels. The values for N*>0.8 are
shown together with the measured radiance distributions in figures V-3, V-4,

and V-5.

It can be seen from figures V-3, V-4, and V-5 that some of the infrared
clear-air radiances are erroneous, particularly in the region where a large
amount of cloudiness exists (e.g., 23:38 to 23:44 GMT). Some erroneous
values were calculated because N* is relatively high (greater than 0.5
between 23:38 and 23:44 GMT), and in some cases the variation in radiance
probably resulted from variations in cloud heights rather than differences
in cloud amounts (the field of view contained both altocumulus and strato-
cumulus). However, many of the estimates of clear-column radiance are in
fair agreement with the observed clear-air radiances measured at 23:37:20 and

23:44:20 GMT.

Figures V-6, V-7, and V-8 show histograms of the clear-column radiances
deduced from the cloud-contaminated radiances measured between 23:38 and
23:44 GMT. The values of the most frequently occurring estimates agree
closely with the observed clear-air radiances. The mean clear-column radi-
ance values, lcqgr(v )5 defined as the frequency-weighted average of the mode
value and values of the two adjacent class intervals, agree with the measured
values of clear-air radiance quite well considering the instrument noise.

Conclusion

The aircraft test results presented here indicate that the clear-air
radiance contribution to radiances observed with a partial cloud cover
within the field of view can be deduced with the accuracy needed for calcu-
lating temperature profiles down to the earth’s surface. (This conclusion
is also borne out by other examples not presented here.) Since the earth’s
atmosphere, when viewed on a synoptic scale (i.e., horizontal scale of 300
to 500 km), 1is covered by broken clouds, this method applied to appropriate
satellite measurements should make possible the determination of atmospheric
temperature distribution on a synoptic scale over almost the entire globe.

V1. AIRCRAFT-DEDUCED ATMOSPHERIC TRANSMITTANCES
Introduction

Vertical profiles of upwelling (or downwelling) radiance, as observed
by an airborne radiometer, can be used to determine the transmittance of the
atmosphere to the sensed radiation. The solution for atmospheric trans-
mittance from the radiance profile is obtained through a solution of the
differential equation of radiative transfer. The inference of the physical
properties of the atmosphere (e.g., distribution of its temperature and water
vapor) from satellite radiance observations requires knowledge of the
atmosphere’s transmission as a function of optical depth, pressure, and
temperature. The observation of the radiative transmittance properties of
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JUNE 12,1970 ITPR Channel 3 (13.4yu.m)

Observed Radiance
Calculated Clear-Column Radiance

23:34 23:45

Figure V-3.—O0bserved radiances (solid line) and calculated clear-column radi-
ance (dots) for the ITPR 13.4-jjm CO2 channel..

JUNE 12,1970 ITPR Channel 4 (13.7/ji m)

Observed Radiance
Calculated CleanColumn Radiance

23:45

Figure V-4_—O0bserved radiances (solid line) and calculated clear-column
(dots) for the ITPR 13.7-ym CO2 channel.
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JUNE 12,1970 ITPR Channel 5 (14.1/um)

Observed Radiance
Calculated Clear-Column Radiance

23:34 :35

Figure V-5.—0bserved radiances (solid line) and calculated dear-column
radiance (dots) for the ITPR 14.1-]im CO2 channel.
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Figure V-6.—Histogram of clear-column radiances deduced from cloud-contami-
nated radiances measured in the 13.4-ym CO02 channel.
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the real atmosphere has obvious advantages over the estimation of atmospheric
transmission solely from theory or laboratory measurements.

Mathematical Solution

The differential equation of radiative transfer, known as Schwarzchild"s
Equation, can be written for an atmosphere in local thermodynamic equilibrium

as
dL = (B \/ du Vi-1)

where 1v is the monochromatic radiance, is the monochromatic source func-
tion which is the Planck radiance for a medium in thermodynamic equilibrium,
and kv is the monochromatic mass absorption coefficient. The incremental

optical path length
du = pdz Vi-2)

where p is the density of absorbing medium and dz is the incremental geo-
metric path length.

The monochromatic transmittance of the medium is given by
xv = exp (-/kvdu) vV1-3)
thus (VI-1) may be written as
(P) dvp> t[B (o) _ I (p] <hy<P> =0 vVi-4)
dInP d Inp

where Inp, the natural logarithm of pressure, has been chosen as the verti-
cal coordinate. |Integrating (VI-4) over the frequency interval sensed by a
particular channel of the ITPR we have

/s gily,ﬁpb dvdv + [5 [Bv(p)-1 <p)] gTYl(p@ ovdv = 0 (VI-5)
where  is the spectral response function (see figure 11-1).

Consider the following definitions for a spectral mean of any quantity,
% 5

Q = /7% % <(V dv//* <)(,dv, V1-6)
and the departure of the quantity from its mean;
Q =4q -0Q; VI-7)

such that,
/°° Qv tvdv = 0. (V1-8)
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Making use of (VI-6), (VI-7), and (VI-8), Equation (VI-5) may then be
written as

di(p) + [B(p) - 1(P)] d In =(p) _
d Inp d Inp C

where I1-9)

cp) = V(p) dTy(p) - iy<p> dTv(p) - Tj p)
d In d In d In

We wish to solve (VI-9) for « given observations of | and B as functions
of In p. The solution, however, is complicated by the fact that the covari-
ance terms on the right of (VI-9) are not observed. Let us for the moment
assume no variation of monochromatic transmittance with frequency so that the
right-hand side of (VI-9) becomes zero. This case yields a first order

approximation of the mean transmittance, denoted as x . Integrating (VI-9),
with C(p) = 0, gives
x0(pO,p) = exp {/* -————- 1-————- di.LP.U in p} 110

° BM-i(p)] d mp

whejre pQ is any boundary pressure level. By definition, x (pO,pO) = 1. The

first order approximation of the transmittance profile, xQ(p p ), can be cal-
culated directly from a measured radiance and temperature (pJlinck radiance)

profile.

The actual transmittance profile, x(pQ,p), in which C(p)”o, is then

T(PO>P) = To(PO>P) exP {W'P -——=d In p> (VI-11)
Po [B(p)-1(p)]

The exponential factor can be thought of as a correction term. Since the
covariance term, C(p), is not observable, it must be estimated from theo-
retical principles. The correction term is estimated from theoretically
calculated radiances and transmittances. Using (VI-9),

C(p) 3 di(p) + [B(P) - 1I(P)] d In x(p) V1-12)
dInp dInp

where the circumflex (a) indicates a calculated value. Combining (VI-9),
(V1-11), and (VI-12) yields

(V1-13)
T(PQ>p)=exp /P - L.— IdLI(e)-1(p)1-[B(P)-1(P)] d In 7(CpHd In p
[B(-1(P)] ! dInp dinpj

Equation (VI-13) is used to calculate the atmospheric transmittance pro-
files pertaining to the ITPR spectral intervals from the observed radiance
and temperature (Planck radiance) profiles.
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Computational Procedure

The ITPR aboard the CV-990 measured the upward radiance, 1|, as a func-
tion of pressure in its five spectral channels. Other instrumentation pro-
vided measures of air temperature and relative humidity. Vertical profiles
were obtained over a cloudless sea on three occasions, during flights 1, 8,
and 9. The observational procedure was one of flying 5-minute legs at
various altitudes above a specific earth location. Table VI-1 summarizes the
average values of radiance, air temperature, and relative humidity for each
altitude leg of the three vertical profiles.

Each profile variable was interpolated to 100 levels equally spaced in
the natural logarithm of pressure, in order to ensure accurate quadrature i
the numerical computations. Air temperature and relative humidity were
interpolated linearly with respect to Inp. The measured radiances were inter-
polated on the basis of the theoretically calculated radiances by assuming
that the discrepancy between measured and calculated radiance within each
layer is linear with respect to the logarithm of pressure.

n

The theoretically calculated radiances are obtained from the equation
of radiative transfer in integral form;

1(Pa)=B(Ps)"(Pa>Ps) " "p8 ¥(P> dT(pa,p) d In V114
d Inp

where pa and ps are the pressures at the instrument and surface altitudes,
respectively.

The transmission of atmospheric water vapor, for the rotational H20
band, is assumed to be given by the "Random Band Model",

Vpa,p) = expi -<S/6>Uw ) (V1-15)
1 + (S/irajuw |

where S is the mean line strength, 6 is the mean line spacing and a is the
mean half-width of the lines. The path length of water vapor

/P w(p) dp (VI-16)

u =1
§ Pa

where g is the acceleration of gravity and w is the water vapor mixing ratio.

The transmission of the atmospheric carbon dioxide for the 15-Um COM
band is assumed to be given by the "Ordered Band Model",

Tc(Pa>p) = l-er F(jir&S/6")UC VI-17)

The path length of carbon dioxide. Uc(p), is assumed to be a constant 0.247
atm cm/mb. Assuming no selective absorption, the transmission in the 11-ym
"window" spectral region is expressible in terms of the continuum absorption
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Table VI-1.—Measured radiances, temperature, and relative humidity

Pressure (mb) Measured (ergs/cm2 s sr cnri) Temp Rel. Hum.
Ch 1 Ch 2 Ch 3 Ch 4 Ch 5 °K Percent

FLT-1 (44°N, 129°W)

997 134.93 100.94 121.94 124.49 126.82 289.1 73
970 136.00 100.15 122.42 125.30 128.10 291.0 48
926 137.08 100.78 123.07 125.95 129.39 292.0 55
854 136.81 101.41 123.07 125.78 128.25 291.0 39
698 131.99 99.37 118.57 119.68 119.55 284.0 35
573 124.62 97.97 110.88 109.28 105.64 271.0 50
466 120.99 97.63 105.10 100.95 94.93 262.0 29
337 120.99 97.22 99.63 91.31 81.44 246.0 22

FLT-8 (34°N, 130°W)

1017 138.05 100.80 124.35 126.90 129.72 290.0 85
1003 136.74 100.17 123.62 125.85 128.54 289.6 63
932 132.84 100.25 120.86 122.79 124.00 285.0 62
754 129.41 99.40 117.87 118.92 119.08 281.3 45
505 113.87 98.19 105.74 102.34 97.82 264.0 35
238 104.43 95.09 91.81 82.05 70.00 224.0 18

FLT-9 (28°N, 93°W)

1017 153.61 120.10 144.39 146.21 148.98 301.5 100
983 150.53 119.41 141.94 142.73 145.20 299.0 88
853 140.33 115.98 134.88 133.87 132.81 292.9 60
716 131.59 112.94 126.34 123.68 120.95 285.0 47
601 125.79 110.95 119.36 115.28 109.48 275.2 30
490 122.28 109.79 113.21 107.02 98.72 265.0 22
365 119.96 108.64 106.46 96.64 84.94 249.0 20

209 117.15 107.82 98.03 84.14 67.51 218.6 37
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coefficient, 3, by
~wD(Pa»P) = exP I kM i1
where k is the continuum absorption coefficient. The temperature and

pressure dependence of the line parameters S, a, and k is assumed to be
accounted for by the usual forms (Smith, 1969)

(V1-19)

where S , a , and kQ are fixed values for standard temperature and pressure,
TO and pQ, values of 273°K and 1000 mb. The effective temperature and
pressure, Te and pe, of an absorbing layer (Pa*P) are defined by

e B R”

P T dP/J"p dp
dp ra dp

(V1-20)

Howard, Burch, and Williams (1955) showed from empirical data that (VI-15)
can be expressed as

Tw <Pa>P) = exP -1.97L0, Vi-21)

(V 1 + 6.57LUW

for a given temperature and pressure where L is a generalized absorption
coefficient. It then follows from (VI-15), (VI-19), and (VI-21) that

-1.97 Lqg (Te/TO)n uw
Tw(Pa»P) = exP ( ) 1-22)

Afl + 6.57L0¢TesTONN+172¢0 ZpONrmly,

where LQ is the generalized absorption coefficient for standard pressure and

temperature. In a similar manner (VI-17) can be expressed as
> — -1
Tc(Pa>P) = 1 - erf K (V1-23)
(VI-18) by
~wd(Pa’P} = exP " g (V1-24)
o

where in (VI-23) the -1/2 temperature exponent has been absorbed by the n.



37

Thus the atmospheric transmissions for spectral channels 1 and 2 are calcu-
lated by equation (VI-22) and (VI-24). The atmospheric transmissions for
the 15-ym carbon dioxide channels, (3), (4), and (56), which are influenced
by H20 as well as CCMlines, are calculated as the product of (VI-22) and
VI-23), (i.e., + = =tc. ww). The transmission model parameters (LQ, n, and
m) were determined from the theoretical data given by Moller and Raschke
(1963) and are presented in table VI-2 below.

Table VI-2.—Theoretical transmission model parameters

Water  vapor Carbon dioxide
Channel Lo m n Lo m n
1 3.550 0.72 1 _ - -
2 0.158 1.00 0 - - -
3 0.347 .72 0 0.003 .66 7
4 0.380 .72 0 0.010 .66 6
5 0.437 .72 0 0.028 .66 5

As mentioned earlier, the measured radiances were interpolated to levels
within a measurement layer assuming that

dfi(p) - I(p)] = K = constant (V1-25)
d Inp

Integrating (VI1-25) between the limits pl and p, where PL is the layer base
pressure, gives the interpolated measured radiances

1P = 1(p) + [I(pL) - 1 (pLH + K In (p/pL) (Vi1-26)

The slope K is found from (VI-26) for p=pu where pu is the pressure at the
top of the layer.

K= [I(pu) - I(puw)] - [I(pL) - 1(pL)] v1-27)
In (Pu/PL)

To ensure that the calculated radiance profile will be a close approximation
of the true profile, the generalized water vapor absorption coefficients for
channels (1) and (2) and the generalized C02 absorption coefficients for
channels (3), (4), and (5) were specified for each flight as those values
which yielded agreement between 1(p) and I(p) for the highest level of the
profile
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The transmission for each layer was computed on the basis of the
measured and calculated radiance profiles using (VI-13) written in its

numerical form

7(pL,pu)=exp J -Y INNG+D-1Ga+D]-[1)-1()]1-IB(i+1/2)
-1(+1/72)1[Inx(1+1)-In?(i >» B<i+1/2>-1(1+1/2)}] (VI1-28)

where N is the number of the quadrature levels for the layer and
Q(i+1/2) = cQ(i) + Q(i+1)]/2 (V1-29)
where Q denotes any quantity.
Results

Table VI-3 lists the atmospheric transmittances computed from the mea-
sured radiances and the corresponding optical properties of the observed
layers. The pure C02 transmittances for channels 3, 4, and 5 were obtained
by dividing the total transmittance values by the model-determined water
vapor transmittances. It is somewhat difficult to assess the reliability of
these transmittances. One immediately questions their dependence upon the
theoretically calculated values used in (VI-13). To assess this dependence,
the transmittances for flight 9 were recomputed using different absorption
coefficients in the theoretical band models. Table VI-4 shows the results.
The First-order approximation, tq, is independent of the model transmittance
and calculated radiance profile except for their minor influence (<.001 per-
cent) on the measured radiance interpolation. As may be seen from table
VI-4, the final transmittance values are only weakly dependent upon the model
values used.

Figures VI-1 through VI-5 shows plots of the radiance derived H20 and C0O2
transmittance values versus the pressure and temperature scaled mass of these

gases. Here the pressure exponent was assumed to be unity. The temperature
exponent was assumed to be zero for channels 1 and 2.

For channels 3, 4, and 5 the temperature exponent and the generalized
absorption coefficients of the ordered band model were determined by a non-
linear least-squares procedure. The result minimizes the rms difference
between the observed transmittances and those calculated using the ordered
band model.

The scatter revealed in these figures appear to be due primarily to
inaccuracies in the estimated water vapor path lengths. This is because the
scatter becomes successively smaller for those spectral channels which are
less affected by water vapor. For instance, channel 1, whose radiation is
completely dependent on the water vapor distribution, has the greatest
amount of scatter. On the other hand, channel 5, whose radiation is almost
independent of water vapor, has the least amount of scatter. Channel 3,
whose radiation is due to both water vapor and carbon dioxide, has an
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Table VI-4_—Transmittances computed from flight 9 radiance data using
two different model transmittance values (i1, 2) for the 209- to
365-mb layer and their differences (&1).

1st-order Model Final
Channel approx. (td) Eq (10) Value () Value (v) Eq (13)

L 0.934 0.903 0.902

1 -
X2 .933 .866 .897
.001 . 037 .005
T1 .988 .997 .988

2

x2 .988 .994 .988
.000 .003 .000
3 T1 .836 .798 772
T2 .836 .811 .773
eT .000 -.013 -.001
4 T1 .693 .653 .639
X2 694 .661 .638
6T -.001 -.008 . 001
5 X2 .379 .394 .401
T2 g8 .446 .392

-.052 .009
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Figure VI-1.—Radiance-derived H20 transmittance values for channel 1
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Figure VI-2.—Radiance-derived H20 transmittance values for channel 2
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Figure VI1-3.—Radiance-derived C02 transmittance values for channel 3
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Figure VI-4_.—Radiance-derived CO2 transmittance values for channel 4
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intermediate amount of scatter. (It is noted that for channels 1 and 2 the
scatter is caused by errors in while for channels 3, 4, and 5 the scatter
shown is due to errors in t caused by erroneous estimates of tw.) In all
cases the scatter produced by errors of x, which are due to radiance errors
and temperature profile errors, appear to be small compared to the scatter
produced by errors in the estimated water vapor path lengths.

Summary

This study shows that atmospheric transmittances can be determined from
airborne radiance profiles through a solution of the differential equation
of radiative transfer. Band models may be used to account for the non-
monochromatic characteristics of the measured radiation in the solution.

The objective of the transmittance observations is the formulation of
models that can be used to estimate atmospheric transmission as a function of
absorbing gas concentration, temperature, and pressure for the particular
spectral regions sensed by satellite-borne sounding radiometers. Accurate
knowledge of the atmospheric transmission functions is needed to determine
the temperature and water vapor profiles of the atmosphere from the satellite-

measured radiances.

This study indicates that highly accurate water vapor observations are
needed to formulate adequate transmission functions for spectral regions
whose radiation is absorbed by that gas. The iInaccurate water vapor esti-
mates available for this study prevented the formulation of transmission
functions for the two spectral regions dominated by water vapor absorption.

It is proposed to use airborne experimental methods, similar to those
described here, to help define the atmospheric transmission functions of the
spectral channels of future satellite sounding radiometers. The necessary
aircraft measurements should be obtained with preflight models of the
satellite instruments. This method should decrease much of the current
uncertainty about the transmission functions caused by the extrapolation of
theory and laboratory observations to the real atmosphere.

VII. DETERMINATION OF CLOUD TRANSMITTANCE
Introduction

The determination of the temperature distribution within the atmosphere
to the earthfs surface from satellite measurements of the upwelling radiance
requires that the atmospheric radiation be emitted from and pass through
cloud-free columns of air. However, because the earth always has some cloud
cover, it is necessary to estimate an equivalent 'clear-column” radiance in
the presence of clouds. To aid in the development of procedures for making
such estimates it is useful to have information on the spectral transmission
characteristics of clouds.

As part of the experimental ITPR testing program, measurements were made
of the radiance profile and ambient temperature through various types of
clouds with the hope that some of their spectral transmission characteristics
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could be determined. Although it was not possible to make an extensive
study of these transmittances, two cases were studied in some detail; these
cases probably represent high- and middle-level clouds. Many more measure
ments will be needed for more extensive studies; however, the few results
obtained are encouraging, since they indicate that such radiance measure-
ments from aircraft can be utilized in studying the transmittance character-
istics of clouds.

Numerical Method

The Schwarzchild equation of radiative transfer in the absence of
scattering is generally written in the form,

~ (Vii-D
dtr

where ly is the intensity of the radiation field, the intensity of the

blackbody radiance source, t* is the optical path length in the medium, and
v is the wavenumber of the radiation. The optical path length t* is given

by,
tv =/q kv(z") dz° ii-2)

where k™ 1is the attenuation coefficient and z is the path length in the
medium.

For monochromatic radiation, the transmittance in the medium is

Ty(z) = e-/™ kv(z") dz° = e tv VI11-3)
Therefore, the optical path length in terms of the transmittance is

dTv = “Tv dtv Vii-4)

Substituting this expression into eq (VIl1-1), the equation of radiative
transfer takes the form

Tvd7> -~ = —Muwv (Vi1-5)
Integrating eq (VII-5) over a bandwidth Av, the result is

(XdT - 1d 7) + ('T'd/\l -~ dXVf) = -Bd ¢« - ~v~~r (V||—6)

where
r=/0 "V "N, B=cC KBy ™, 7=Ff1l Vudy,

/0 "Ndv /¢ Ndv /0 ~dv

I1™"=VT> \J=tv-7, and

is the instrumental response function. While the correlation terms
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in equation VII-6 are important in cloud-free regions of the atmosphere, the
scattering and absorption of radiation by water and ice particles in clouds

tend to supress the correlation. Therefore, they shall be neglected in the

information. Equation (VII-6) can then be written,

dx(p0-,p) di(p) V11-7)

where the explicit dependence upon the pressure levels is shown. pQ is a
reference level, such as the top or base of the cloud.

Integrating both sides of equation (VII-7) from pQ to p we obtain

In X(pO,p) - In x(pO,pQ) dKp* )/dp* dp V11-8)
T(p1)-B(p™)

Since x(go,pg):l, we obtain as a Ffinal result,

X(p,,,p) = exp [|-/” dI(p")/dp” dp ( vi1-9)
o] PO__
B(p")-Kp*™)

Equation (VI1-9), therefore, enables one to determine the transmittance
« from a knowledge of the radiance profile, 1(p), and the ambient tempera-
ture profile, T(p) (.e., F(O(p)))- In the experiment on the CV-990 flight,
the radiances and ambient temperatures were measured at a number of levels
in the cloud. Therefore, for practical applications one must approximate
equation (VI11-9) for a finite number of pressure levels. The approximation

that was used may be written,

[
£ [I(pm) - 1(Pm-1U (V11-10)
m=1 N—
tI(Pm>Pm-1) - B(Pm»Pm-1)]
KPmHKPN, -1)

where 1(pm,pjn_1) = ————- 5 B<Pm-Pi»-1) = 2-————
In this form the transmittances can be readily approximated directly from the
measurements

When scattering cannot be neglected, equation (VII-1) must be generalized
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to
ydlv(y) = -Iv(y) + % pCy.y ) Iv(y )dy"
dt 2 VI1-11)
+ (1-0)W)N
where
1 f1 p(y.,yl) dy! =1 V11-12)

2 -1

p(y,yT) is the scattering phase function which describes how the scattered
radiation is distributed with direction, y! and y are, respectively, the
cosines of the zenith angles of incidence and emergence, and w 1is the frac-
tion of incident radiation that is scattered by a small volume element.

Since the upward intensity of the radiation was measured, y=l in
equation (VII-11). Because the size of the scatterers is of the same order
as the wavelengths of the radiation, the major contributions to the integral
in equation (VII-11) occur in the vicinity of yT=l, when y=I. As a result
of this and the fact that Iv(yT) varies only slightly with angle in the
angular region near y!=l, equation (VI1-11) can be approximately written

dar = (1-9v)(Bv - Iv) (V11-13)
dt

Similar to the derivation of the transmissivity for the case when
scattering was neglected, the transmissivity that results in the presence
of scattering is given approximately by

t(pO>P) = exp [di(p>)/dP,3 (V11-14)

1-5T 1(p* )-B(p")

where % dv
0 = (VI11-15)

At *>
Using equation (VI1-9), equation (VII-14) may be written
_ 1
T(po»p) = T (pQ,p) 1-10 (V11-16)

Another useful form that equation (VII-16) may be written is obtained
by defining "a(pO>p) P° "the transmissivity through the cloud-free
atmosphere and ““Q to be the value of m in the absence of the gaseous
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constituents of the atmosphere. Then,

T(POWP) XQ(Pn>P> VI11-17)

Ta(Po’p)
Results of the Aircraft Measurements

The Convair-990 experimental program included 10 flights. On some of
these, measurements of the radiances and ambient temperatures were made as
the aircraft flew separate legs above, through, and below one or more cloud
decks. In this way we hoped to gather sufficient data to study the spectral
transmission characteristics of the clouds. However, because of insufficient
data, only two case studies could be examined in detail.

In the first case (flight 2), measurements were made of a deck of clouds
described as cirrus. These clouds in the vicinity of Spokane, Wash., had
tops at 27,200 feet and bases at about 15,000 feet. The first leg of the
cloud study portion of the flight was made beneath the cloud deck, the
second and third legs through the deck, and the fourth leg above the deck.
This effectively divided the cloud deck into three sublayers.

As the aircraft flew these legs, measurements of the radiances in five
separate channels were made every 0.03 seconds, and ambient temperature was
measured every minute. The mean radiance for each channel and the mean
value of the ambient temperature were computed for each flight leg. These
values and the equivalent blackbody temperatures corresponding to the meas-
ured radiances are listed in table VII-1. The blackbody radiances corre-
sponding to the ambient temperatures, also are shown.

These radiances were then used in equations (VI1-10) and (VII-16) to
compute estimates of the cloud transmittances, Tca. The transmittances
obtained are shown in figure VII-1 for mo=0 and in figure VI1-2 for nro=0.5
as a function of the elevation from the base of the cloud. The trans-
mittances for each channel are connected by a smooth curve. While such
curves as shown in figure VII1-2 are good representations of the actual vari-
ations of xca in most of the cloud, the variations at the base of the
cloud are questionable. It is quite possible that the transmittances approach
unity more quickly than indicated and then level off in a manner similar to
that shown for the top of the cloud.

Note that values of Tca in the window channel (2) are significantly
higher than those for the other channels, while channel 5, the most opaque
C02 band, has quite low values. It is interesting that, toward the base of
the cloud, transmittances in the water vapor band (1) are lower than those
in the CO2 channels (3 and 4), while the values for channel 1 fall between
those of the two CO2 channels at higher levels. This is probably because of
the higher concentration of water vapor at the base.

To isolate the effects of water vapor and CO2 on the transmittance
characteristics of the clouds, estimates were made of transmittances for
conditions of zero water vapor and zero CO2 concentrations. These



Table VII-1.~ Temperatures and radiances measured in clouds during flight
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Chan

532.5cm’
898.0cm’

747.0cm

732.5cm
ca

708.0cm’

H (THOUSAND FEET)

Figure VII1-1.—Cloud transmittance (t

) vs the elevation (H) above the base
of the cloud (Flight 2).

Channel

532.5cm’
898.0cm"
747.0cm
732.5cm**
708.0cm’

0.4 -

= 0.5
0.2 _

H (THOUSAND FEET)

Figure VI1-2.—Cloud transmittance (xca) vs the elevation (H) above the base
of the cloud (Flight 2).
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transmittances we shall denote x_. The transmittances for the cloud-free
regions adjoining the region of Heasurement were computed for the CO2 band.
These we shall call ta. Before the first leg of the flight was made below
the cloud deck, the aircraft made a steady descent in the clear air adjacent
to the cloud. During this time, radiances were measured, and the clear-air
radiance values corresponding to the elevations of the legs were obtained.
Using the program discussed in section VI, which is a generalization of
Equation (VI11-10), transmittances through the cloud-free atmosphere were
computed. They are shown in Ffigure VII-3.

The values of x for the cloud for © =0.5 in the three COo channels
were then plotted agg%nst the correspondin8 values of xa as shofin in figure
VII-4_. Curves for each cloud level were then extrapolated to where the
value of xa became unity. The transmittances in the cloud corresponding to
these extrapolated values, therefore, are the desired Mpurell cloud trans-
mittances, xc. The resulting variations of these transmittances with eleva-

tion in the cloud are shown in figure VII-5.

Since there is only one channel for the water vapor band and one for
the Mwindown, the "pure" cloud transmittances at these spectral intervals
must be approximated in a different manner. By assuming that

TC x Ta (VI1-18)

ca -~

the "pure" cloud transmittances may be estimated. The resulting values are
also shown in figure VII1-5.

It is interesting to note that the transmittances for the C02 and water
vapor bands are very nearly the same, while those for the window channel are
considerably greater in magnitude.

The results presented in figure VII1-5 can be explained if the predomi-
nant phase of the cloud particles is liquid. Although the cloud was
reported as cirrus, it seems quite unlikely that ice particles predominate
at levels as low as 15,000 feet. Therefore, assuming that most of the cloud
was composed of liquid water drops, the agreement between the transmittances
in the CO2 and water vapor bands can be explained by the fact that the values
of the liquid water absorption coefficients are fairly close in the two
bands. On the other hand, the magnitude of the absorption coefficient for
the window region is less than half that for either the water vapor or C02
band. This explains the larger values of xc for this channel. The same
conclusion may be reached by comparison of the extinction efficiency factors
(ratio of the extinction cross section to the geometric cross section) for
10-um drops. Again, the values for the water vapor and CO2 bands are close,
in value while that for the window region is considerably smaller. Table
VI1-2 lists the absorption coefficients and extinction efficiency factors
for the three spectral regions.

The second case for which cloud transmittances were computed was derived
from data gathered from cirrus clouds with tops at 37,800 feet and bases at
27,000 feet (Fflight 10). Table VII-3 lists information on mean radiances and
temperatures, similar to that listed in table VII-1. Only one leg of the
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Ch.2-898.0cm-1
Ch.3-747.0cm-1

Ch.4-732.5cm~

Ch.1-532.5cm~!

Ch.5-708.0cm~!

H (THOUSAND FEET)

Figure VII1-3.—Clear-air transmittance (xa) vs the elevation (H) in the clear
air above the cloud base (Flight 2).

p=587mb to p=520mb

p=587mb to p=488mb

~p=587mb to p-332mb

- | ) 1

Figure VII1-4.—Cloud transmittance (xca) vs the clear-air transmittance (xa)
(Flight 2).



53

Channel

747.0cm
732.5cm"
708.0cm

H (THOUSAND FEET)

Figure VII-5.—"Pure" cloud transmittance (xc) vs the elevation (H) above the
base of the cloud (Flight 2).

Table VII-2.—Absorption and extinction factors for liquid water

Absorption coeff. Extinction efficiency
Channel Mean wavelength in water factor
ym cm"'1
i 18.78 2633 2.628
2 11.13 1296 1.789
3
4 13.72 3083 2.284



Table VI1-3.~ Temperature and radiances measured in clouds during flight 10.
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flight was made within the cirrus. Computation results are shown in figures
VII-6 and VII-7.

Note that here the window and water vapor channels have transmittances
very nearly the same in value. This is probably because of the smaller
amount of water vapor at the higher levels.

Since no data from cloud-free regions near the cloud area were avail-
able, another means for estimating the "pure'" cloud transmittances was used.
A relative measure of the absorption coefficients in the C02 band were
obtained from flight 2 data. By plotting the values of xQa against the
absorption coefficients, one could obtain xc by extrapolating the curves to
points where the absorption coefficients became zero.

The transmittance values, x”, computed for flight 2 were used to esti-
mate an absorption coefficient k for the band, assuming the relation,

= e-k(Po-P> (V11-19)
from which
k = - "n Ta(Po*p)
Po-P

Since (pQ-p) is a common factor to all the values of the absorption coeffi-
cients, plots of xca for m = 0.5 for this case study were made against -In xa
determined for the thickest layer from flight 2 (See figure VII-8). The
values of xca were then extrapolated to a value of zero for -Inxa# The
values of obtained were the desired values of xc; these are plotted in
figure VII1-9.

The "pure"™ cloud transmittances for channels 1 and 2 were assumed to be
the same as the transmittances with water vapor present. For comparison
with the curves of xc for the CO2 band, they are shown in figure VII-9.
That the transmittances are much closer in value for all the channels than
those for flight 2 can be explained by the fact that ice particles are much
larger than cloud water drops. Thus, nearly all the radiation refracted
into the crystals is absorbed, and differences in the absorption coefficients
are unimportant. For large particles the extinction efficiency factors all
tend toward a value of 2. Probably,the small variations in this parameter
give rise to the differences in the transmittance curves of figure VII-9.

Conclusions and Recommendations

The results of the cloud transmittances determined from measurements
obtained by the airborne ITPR brassboard instrument indicate that much can
be learned about the radiative properties of clouds by using such measure-
ments. Although not many cases were studied in quite so great detail as
would have been desirable, the results definitely do point toward what can
be achieved on future flights.

Therefore, on the basis of this study, we recommend that more extensive



56

Channel

732.5cm
708.0cm’

H (THOUSAND FEET)

Figure VII-6.--Cloud transmittance (™) .s the elevation (H) above the base
of the cloud (Flight 10).

‘channel
532.5cm™ *
898.0cm*
747.0cm
4 732.5cm
708.0cm

H (THOUSAND FEET)

Figure VII-7.—Cloud transmittance (xca) vs the elevation (H) above the base
of the cloud (Flight 10).
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p-314 to p=274mb

p=314mb to p=210mb

In v
Q
Figure VII-8.—Cloud transmittance (Tca) for flight 10 vs the negative of the
logarithm of the clear air transmittance (-In xa for the
thickest layer in flight 2.

Channel
532.5001**
0.8 -
747.0cm™
732.5cm’
708.0cm™
= 0.5

H (THOUSAND FEET)

Figure VI11-9.-JIPure" cloud transmittance (tc) vs the elevation (H) above the
base of the cloud (Flight 10).
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measurements be made for a variety of cloud situations to assess the
accuracy of current results. These measurements should provide for flying a
greater number of legs (perhaps six or more) within the clouds and in the
adjoining clear regions to permit better definition of transmittance curves.
Also™ the study of a larger number of cases should lead to a clearer under-
standing of the factors that influence the transfer of radiation through
clouds.
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APPENDIX

ITPR data for June 12, 1970 (flight 7)

Flight Plan

The flight plan is to leave Eielson AFB for a point
southeast of Fairbanks and execute a pass over the
glacier Gloco at 14 K. After Anchorage is passed,
the aircraft will proceed to a point of 49° N. and
150° W. at 31 K in order to pass over a front. The
aircraft will then turn left at Medford, Oregon,
pass over the cold section of the front, there
execute a 30-minute delay. The aircraft will then
attempt to reach the cirrus shield associated with
the warm front, and if time permits, to execute a
15-minute delay with clear skies below the cirrus.
Afterwards, the aircraft will go down the coast
about 200 miles offshore until Moffett AFB is reached.
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I1. Flight Data

DATA FORMAT

Time: Hours: Minutes: Seconds (GMT)

Pressure Altitude (mb)

Brightness Temperatures (°K)

T1 (532.5 cm-1)
T2 (898.5 cm-1)
T3 (747.0 cm'1)
T4 (732.5 cm"1)
T5 (708.0 cm"1)
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FLIGHT NO
qr. AL T i T? T3 T4 ...L5 ALT. . £ 12 _L3_ T5 LAl LL 12— -12- _La_ T5 |
10 46 57 285 261.80 283.C4 264.56 254.63 287 255.62265.61251.61 247.05 242.02 286 260.82 279.17 261.04 252701 243.03
L2 <7 17 285 260.31 277.22.260*1SL251%3.5 28.6 .25.9%49Z7.5+3H J25%.»IA_251L*Za-242_*£JQ__2&9_ 254.ikl_2Z_7*2Z-2,5.9%57 250.99 242-.61,
To 47 37 236 260.54 270.20 261.04 251.89 285 259.65276.32259.23 250.80 242.47 289 259.57 273.45 258.01 250.36 242_61
47 49 237 260.29 27.6%09-25.9%45. 259*25 287 2_tQ*2-4-274*1A-2.5A*-&5-251*52-242*1x1__ 2aa-2&3*JI9t-.2ai-*4Q-..?fil .1 0 251.64 242.51-
6 48 o 286 258.51 277.13 290.41 249.93 288 257.43 275.26256.41 248.95 242.16 289 253.50 277.00 257.62 249.86 242.35
13 ofto 790.P1 27<%76 26Q.11 P61.14 787  25q.5Fi 778.8q 700.6<-< 250..97 242.93 2871 258. 55 275.85252.*0L1—25Q.Q?  242.52
10 a8 25 287 257.97 277.24 257.09 249.02 287 256.6C 277.17 257.71 249.31 241.44 283 256.93 278.14 257.68 249.11241.19
Lo AS.31 288 2534Q. 272.11..252, ho, 24.5%9 7_ 285 258.90 279.13 25.9%*5.4 .251.911.242%22_247 .265%4:1-232 *45 .262*04-25.2.45 243.11-
oo 48 57 230 250.25 277.65 258.95 251.07 287 259.79  >79.63 260.14251.50 242.98 285258.26 275.93 257.27 250.20242.71
5063 07595 25710 255.31 2.86 258.9-2-275. 26 250.00251.0Q 243.25..286 260 .-.97_242*74..262.56 253.13 243.91,-
10 49 21 280 261.78 285.70 264.72 254.09 286 261.25 282.29 262.99253.36 243.56 286 261.55 280.54 262.65 253.31 243.91
10 Ao 37 287 261.53 273.49 262.56. 253.10 . 20-8 .26.1*2/—27.7*78-263-.H4- 252.33 243.62—2491-241*J4 279.05 262.02 £53.20 244*14—
1o 49 45 287 260.46 277.00 260.74 252.45 284 255.33 260.55 251.21 247.28 242.50 289 255.56 260.52 252.00 247.71242.72
U9--5.0_59. ._23L6-252.%311. 267 _*76 264 «11 24.8%90. 288 257.77 27.3%29 25.6* 31.254%44_-242%26 _ 2A9-25.5%-24-265_*ZA_ 252%24 . 242*94 2A2*65—
10 50 11 280 254.34 256.64 251.11 247.27 286 254.20 259. 36 250.81? 247.25 242.67 287 254.60 259.10 251.22 247.51 242.60
 LSLAn23 -237.255.3:261.45 261.67...247%71 286 255.65 261.09 .252 .49 244*40-242.*94— 244 255 Ad-26&*.94-_252*5-6.24a*52-2A2*Z6
10 S0 35 287 253.06 268.14 252.86 247.41 286 279.10  254.09 245.57242.92 240.15 286 248.46 252.38 245.60 242.94 240.01
5(1 51 236 247.07 25G.66 243.41 .241*51.
§ 51 3 239 249.00 252.61 245.07 243.27 285 249.62  253.94 246.06243.69 240.54 287 249.30 253.18 246.14 243.55 240.66
 13.51 15. 286 .24.5*16 2.52.16-244,96.. 242,5.9. 286 24%.52 253. 54 246.19.243*64-2*4*72__ 247 _254*22.256*64 242.59 24.4*67 241*46 .
To 81 27 287 240.03 256.f5 247.33 244.14 287 248.61 255.07245.53 242.02 24U.16 286 249.50 253.61 246.47 243.78 240.79
10 -51 .39 . 233, 249%.62. 253. 5A_24£i~32._244.C 7 288 24$. 04 252.3424b. 5-1244.14 240.87 245.244*44_252* 3)—245_46 243*52 2411*45—
10 51 51 286 240.47 251.66 P+5.21 243.16 288 248.27 251.60244.33 242.33 240.22 285 249.32 253.10 246.42 243.99 240.80
i 5. . 2322027002527 2.4 245%7.3—2.42+iiz... 290 249*53. 252.91 2*6-49 244.93 2.44*9.9-_23A.249.*Zj4- . 25A*-12-246*54.-244. 42 241.17—
1o 82 15 237 251.14 256.67 248.03 245.57 265 251.74 259.01248.82245.78 241.67 283251.11 257.06 248.26 245.48 241.53
iq 62 27 _2.36. 25Q*74.256., 2.2.247..62 245*12. 286 249.82  253.79 246*71 244 .40—24fl* 93 .287 24.9%24. 251*43 246, 13,,244*13 240*94
iq 52 39 23" 248.91 251.03 245.40 243.00 206 248.70 251.49 245.56 243.31 240.82 287 243.19 251.05 244.70 243.24 240.44
_19..52 .51...233 247.98-251. LI .244.-02 243*2.3 285 247*40_.251.38 243*30. 242_il.22L9*79. 2S7 246.93.250*06 243.8.1- 242*68..239* 93—
19 53 3 287 245.72 248.00 242.16 241.35 288 245.83 247.86 242.71 241.55 239.20 288 245.51 247.74 241.95 241.18 239.15
L9 J52_12..23.7—244 .26.. 2 47 *42-242.. 15..2.42*35. 288. 244, 09. .247*4.7 24_4*6C-234.44.234*27 ... --28.2 264*41—-2.46*92...2.46*88—239. 76 238.32—
19 53 25 234 243.93 246.09 240.76 239.66 269 243.95 246.73 240.36 239.56 238.08 286 244.54 247.30 241.34 240.24 238.38
— 19 53 37 .255. 245%*59 ..2.40,41 ?4?*29 241.0 3 288 245.63 243. (5...2h2.36.241*13 .239. 0.8 281-246*76- 247.-17—241.63 240.54 238*63
19 $3 49 237 243.42 246.27 240.51 286 243.38 245.71 240.16 239.97 237.74 289 242.88 245.82 240.50 239.49 237.63
0L 286 243.06 246%25 .239%01 22.9%41. 286 245.09 248.74 24.2.08 24.0%17..238.63 289-246. 48 .25.0*80.. 243*56-241*45-235*13-.
g 54 13 256 247.02 251.74 244.19 242.64 288 246.37 250.34 2*43.55 242.12 239.13 283 246.21 249.52 243.11 241.93 239.07
13 .54-25--23Z .246.55-24.3%59.-243*13. 242*22 286 246.22-241.48 292%46..242*35 232*3-8.___2B4_244*76_24Z*54—~
19 54 37 287 244.82 247.46 241.42 240.59 206 2h5.74 243.20 242.33 241.46 238.94 283 245.66 247.94 242.53 241.68 238.92
19 .54 49 . 236. 245*16 247.48 .2.41.56 241.Qj 288 245.21 247.79 242.3b 241*41 ..2.32*g6 282 -244.15 246*63 .240.62 248*47 234*46.
19 55 0 237 243.67 245.91 244.61 240.21 285 242.53245.17 239.16 239.46 237.28 287 241.96 243.90 239.11 239.19 237.04
13..55 13..23.4.242%11-2.44. ClL. 229*.10 238.99 287 242.47 244.74. 23.9.8.4..239%32.237.42 286-241* 94_.244*6.8 238.56- 218*8.7-237.12.
19 55 25 288 242.42 244.61 239.46 239.23 207 242.43 245.03 239.73 239.23 237.33 235 242.85 245.54 240.15 239.58 237.44
10 66 77 78f 243 *74-247+L6..242%65. 24.0.14 207 244* OB .248* 2at. 242%3.7. 241*45-226*54— 287-246.11-249*24..242.33 24.2%44 231*11—
190 55 49 28* 246.11 249.43 242.93 242.73 285 246.91 250.01 244.43 243.55 239.57 287 247.07 250.21 244.20 243.47 239.53
13.56 .Q ..237 247*26. 230.49 244*54 243.53 209 247.63 250*98 24.4..57 .243*.03.240*00 286-243%27-2.51*43-245%*68 -244*06-242*33-
10 56 13 250 247.07 25Q.57 244.18 243.11 287 247.02 250.69 244.48 243.23 239.79 286 246.81 250.26 243.90 242.89 239.42
Ld 56 25 ..096 247 .44.253, L5_245. 13. 24346 J 286 247.79, 251*61 2.44%97. 2.43*70 .239.91...... 286-243.41 .252*5.4. 245*86. .244*32-280*28..
19 2o an o6 248.08 pep.aa 2an.as zasos 40.04 265 247.38 251.53 244.44 243.H$ 239.79 286 247.44 250.76 245.11 243.72 239.99
1q 66 47 237 ?46.P? 241.93 242.80 243*17.. 286 .2.47%06.. 243.91..244%42 242*"T7 . 229*292 267_
tq 56 59 236 245.65 243.36 243.20 243.6 | 230.20 287 245.04 248.96 243.32 243.74 239.30 287 246.58 249.89 243702 244.10 239.60
..1.9. 67 10 236 24.6 *52.244*25-243*35-242%45 286 247*15 ..250%76 244*91 .244*32 .241*00 . 2&6_24.7*26. 258*92-244.1.9 2.44.5n 239.85—
oy 2a oer sav7e sbaat sanss asos 240,01 (86 243.11 251.92 24*5.35 245.58 240.33 285 247.47 250.99 245.10 245.16 239.92
A3._5-7._35_ 255_246%30- 250%.6. 24.4.,.0.1.. 241,51 , 286 247.23 250.70 .244* 81..24.4*10 .24.4*15 287 24 7,62 .251*14..2.44*58..28.4* 11 249*18—
10 57 47 237 247.91 251.32 244.92 244.05 287 247.82 (51.86 245.35 244.29 240.53 287 247.67 252.57 245.58 244.26 240.22
19 57 59 239 247,Z9 252.53 245.01 243.91 287 215.54,£43,10 229,64.241 ,+5.242*45. 288 245%20-248*24 ,243.31 2+4.55 213*55—
19 58 51 286 244.76 247. a177 34, o0 RR80 238 %ﬁé*z?sz 247.01 24102 24357 235.81 287 244.64 247.20 241.39 243.70 238.74
- 102 242%122A3%26-2J3.*.Q4—28J..242%06 .248.+.LL.243*52 24211.2...23.1il>3—
10 59 15 206 245.80 243.55 897.qq 241.08 239.47 388 348.54  243.14242.61 242.33 230.3%+ 283 245. 08 247.70 242.14 241.88 239.19
1o 50 27 206 244.06 247.22 243. 14 241.E4 238.95 3 gﬁzgﬂ 247. 12 241., 8.9. 241*51.2,3.8*56_ 18-7_2.f»Aj»_35_£K6*5.2—241%45_2.41, 24-215%66- -
1o 59 39 287 243.95 246. 15 241.82 241.41 230.62 388 343-73 245.65 241.06 240.47 238.32 203 242.65 244.79 239.94 239.18 237.75
12 50 .49, ..204 241.07 243%81. 238.05 23043 237.23 383 24%.3h 243*74 2M*7)_234*1-7_237*4.4_ 249.240%51.242*23 217,5_9.23.7%24.224,44—
20 0 0 338 240.55 243. 537 86 237.55 216.63 207-2~8-88 242.75 238.25 238.31 236.59 290 240.85 243.52 238.25 239.77 236.75
286 239.79_ 2> BEST-OD O 236«22—
20 0 25 234 239.76 242.32 237. 17 236.77 236.25 5 04> 03 236.68 236.30 235.97 286 240.24 242.49 237.91 237.06 236.47
50 0 37 208 240.21 242.41 137 . 5o- 237.35 236.43 §§§ zggfag 18@362%399,5239 3b. 238.90 _237.23 2,88_2.41..65. 24,3,.7,6 2.38,74_.23j8-*06_23710....
20 0 49 204 241.P9 244.09 239.46 230.29 237.30 206 241.99 244.56 238.27 237.30 267 241.56243.38 239.26 238.09 237.09
20 I 0 2.07 241.89 244.32 238.67 230.09 237.25 287 242.83 245.49 )4 238 .07 237.83 283. 242. 5724.4,69 239.1,9 238,54. 137*20
20 | 13 285 242.7.7 244.67 240.26 230.99 237.61 287 242.26 244.63 8 238.59 237.43 287 241.67243.94 239.02 238.35 236.99
50 4 23 207 2<6.00 249.44 244.40 242.80 .11-9.31, 287 244%97..243*34 >6.141*11-1 4244,,34,14.7*562 .4 2*13..240,09 2
135 3% 243.81 246.47 241.28 240.16 237.69 6 ~243.84" "240.2i240.78 239.69 237.70 285 244.60 247.10 241.91 240.35 238.40
447 2.86.-244. °5. 247, 33 241.75 240.50 238.54 286 245.64 243.11 242,73.241.4L 239.24 ,J18 245,94 £40.,26,142,63 14102 -239 *13_
4SSl 287 246.28 243, 47 243.39 241 .49 230 4 287 246.00 243.67 242.84 241.30 239.13 286 246.73249.55 243.81 241.98 239.62
5 10_ 237 247.35 253.60243.73 242.22 2.39,9,3, 286 _247.41250.,01 144 * 41iL42.tfIjL 219-.,57_ ZAl 25JL, .4j_1_44%7 4 211*
5 23 230 247.51 250.76 244.73 242.72 240.10 287 247.28 250. 727244.05 242.38 239.98 287 247.48 251.14 234.59 242.63 240.15
24 254 - *
o s — 787 249.68 253.67247.15 244.42 240.88 105 2 9979C 2,54. 0424701 244+95, 12%11(:09i 286 250 28 gSAé 111% 47. 54 245 03 241 21
2Q_5s. 20.7—247*06,2,5T*2i_2i4il5_.242,.Q. . 286 246.24 249,10142*52 141 * *77 —
720Qf6 288 246.48 243.31 243.00 241?4f 221399218 288 24838 Vi 241Q 383 1%%18?314%4%9211524991291 39133014 22‘911 2442%3'03@7
204 205-24.5- ,,5.3-248*44. 242,14, 24,0,87 2.38.8.3... 287 248.78  £48,27, * - * * *70—
T S R A S Al T o B S T i T Bz 99 sl sf40d 20 "25344-83- 34095 %9738
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20 10 31 237 2-52. 51 246.75 244_.67 241.72 287 248.75 252.13 246.64 244.66 241.40 283 249.00 252.39 246.81 244.80 241.61
L, 147"*64—151*.114.-146*14, 144*47, 141,45- 208 240.8 22£.51%0.jL-"-4-L.-0i>—144.69 241.2]- 286 248.31 250.71 245.83 243*99 240*95



i

32 47 288

245.91 250.40

_HB-MN. SC__KLX
20 10 55 286 248.82 251.64 246.91 244.52 241.53
20 11 7 295 249.25 257.92 246.39 24k,95 741.71
20 11 19 287 249.32 252.53 247.90 245.25 241.93
287 249..6.9-253. 79_ ?kZt 78 245.35 241.93
20 11 43 237 249.74 253.69 248.07 245.42 2*1.85
20 11 56 28b 249.73 253.53 248.06 245.47 7*1.99
20 12 7 289 249.23 253.34 247.91 245.75 241.74
236 248t5C 252,71 246,54 241,A9
20 12 31 286 248.81 257,69 246.96 244.65 241.17
20 12 42 -X37. 248.31 251.79 246t77 744.51 741.n0
20 12 55 286 248.10 751.81 746.51 244.17 240.77
20 13 7 286 248.57 25?.04 247.3? -24KtZJL.X4FL.97
20 11 19 286 247.11 750.88 745.31 243.1ft 239.94
20 11 31 236 247.70 251.41 245.39 243.18 239.71
20 13 43 297 245.26 748.84 7*3.32 241.43 238.49
200 13 5.2 289 244.90 247.77 .24L,k2 240,30 238.27
20 14 5 236 244.98 243.20 242.90 241.29 238.40
20 14 17 28ft 245.34 243.66 743.74 -241.55 2 38.59
20 14 29 237 245.73 249.01 243.96 241 .71 238.86
23 14_40__237. 244,7.1 247.86 -242,60 .24.0,85 .238,08
20 14 53 23t 244.43 747=-fl 247.58 740.61 237.96
2JL_15 -5... 287 -14.3.<64 2.4.6,70. -24.1t.26 .229,71 _237.,.-I'l
20 15 17 237 242.65 245.42 74G.74 238.97 236.91
20 15 79 236 242.P5 X3 6t25. 2.1h15.9.
20 15 40 78ft 242.25 244.99 740.10 238.56 236.59
___2JL 15 53_-X55._2k 3L, 12- 245.77 240.91 X?9,41-237..13
20 16 4 283 242.03 244 _4ft 740.02 238.*5 236.56
_ 2JL-16-.-17-_...295 .242,32.Xkktfck. X3.9.52 238,42 236,3k
20 16 29 235 241.73 243.90 739.48 238.34 236.50
20 16 41 237 241 .16 2k3, 23 239»57 737.46 735.89
20 16 53 287 241.82 244.19 73°,44 738.17 236.46
_2JL.0X- ..A. 2.5 240 ,45. 242 kil 235,11 23-7,1* 235.45
20 17 15 235 2%0.28 242.>4 238.25 237.09 235.52
_25-17 27 —256 239,62 Xk.1t19- 227, 1b 215.38 234.96
20 17739 235 239.64 241.24 737.49 236.51 235.17
20 17 51 28ft 238.2€ 22.9,. 65 235.61 234t3J3 733.q3
20 18 3 234 238.94 240.49 236.76 235.93 234.73
__25.15 15. .23.6. 2iat.78 .240, 22 .226,24 235.55 234.83
20 19 35 239 239.49 741.10 737.19 236.33 235.50
_25.19. .47 -23ii.X19.21 242t22 225.30 23.6.25..235,15
20 19 59 287 239.77 241.56 737.96 236.77 235.35
20 2\ In X55..X19€N2 ?41.77 211,33 -216t.5X 215.t25.
20 20 20 287 239.25 241.51 737.16 736.61 235.45
25 2JL k_ .285 239.Q5 .2.41,7.1 216,95 23.6..13 234.95
20 21 17 233 238.24 239.54 236.09 235.43 234.29
___25.5.1X9 .255.2)-7...95 23-1..1k .X15t22. .23.4,8* 213.92
20 <1 41 286 238.5? 239.45 236.49 235.34 234.38
20 21 53 2fth 238.63 739. ft4 736.15 735.57 234.38
20 22 5 238 238.48 233.Uft 236.65 235.55 234.39
20 -25 17~ 25.7.. 229_. 81—2kl tkl. 23.7 ,k2X.3£,55 215.12.
20 22 29 288 240.35 242.3? 738.67 237.37 235.64
20 27 40 235 24.0.Pl1 241.75 23,7.93 236.94 235.38
20 <6 43 296 235.47 237.21 231.96 231 .97 731.95
...20 26 55. 286 237.04 238.34 237.90 233,4* 232x38
20 27 4 236 235.65 237.64 73°.75 232.41 252.26
20 27 17 735 237.06 211,66 .2.32,92 232,.56
20 27 29 287 235.49 238.27232.51 232.05231.12
20 2741_283 233.89 236.7*221.94 230.06230.36
20 28 9 287 233.47 235.96270.32 229.96 230.22
20 28 25 236 247.G7 251.69244.26 241,7.2233.36
20 28 37 783 252.66 257.28 250.16 247.21 242.32
-JL0 78.-49__ 7g6....L5£X98. 25.77.1 1...2,ii0, 7.4 J>J+7_&X_2*2,7 9
20 29 0 237 254.46253.58 252.4224°.23 243.61
_20_29_13 _ 236 253.66 253.33 251.72248.45 2*3_11
20 29 75 289 254.ri259.11 252.00 248.53 243.39
20 29 37 287 254.77260.13 252.30.249,4]2.43,92
20 29 49 28P 255.89 260.92 253.49 250.01 244.12
lii_-£i-4.,.;Lk-£5.Q_,.ia_Zk4, 32...
20 30 10 287 252.06 257.20 250.49 247.90 242.35
20 cO 23 287 254.03 259.19 252.04 248.84 243.54
20 30 35 238 256.43 261.95 254.68 250.74 2*4.40
20 30 47 287 254.26 259. r? ?52.35 74q,) ?43.38
20 30 59 288 252.76 253.14 251,21 247.94 243.00
—2|L o 1Q *2-251*3.7 5,.2££ « 12 2aA+52-..2+1712
31 23238 253.64259.C2 252.04 248.33 242.98
20 31 35287 252.11257.7,0 ?249.qQ246.69 242,04
20 31 47 287 251.94 257.21 249.83 247.01 241. 98
-20 2-1-59__2.17 .-2%.233.5_25_3,-iZ_-25X,_2.7_74_7,53 _241..
32 11 237 252.09 253.06 250.59 246.82 241. 22

Ro B Haoli hof. Hin 4 b il 2B - 53194

244 .00

241.54 238,24

32 59 285 248.86 253.86 247.01244.5) 240.29

—JJLZI il
20 20
-ZlL31JA 23.6-
20 33 45 236
20 33 57 237
20 34 8 23b
-JLQ-14 -20__2iZ_
20 34 33 287
120 34 45__25fr
20 57 287

20 35

.20 35
20 35

-25.1.5
20 36

2JL-3e_23J___

20 289

33 .25.6
45 285
57_236
9 282

.Z3L25J]L,17_25.4,
287  246.66257.90 244.53 242.52 238.97

.246.12k2_5JU53 -25,it,15

KIXKI€M.

21&21L2k.L4.7
24?»A9_2I3-,e7

248.91 252.Q7 ?46.95244.40 240.33

252.70 2.7

87 261.10247.66 242.42

251.45 256,69 249. 57246.33 241.18

.251 ,94 257,72 255.32
253.36 253.98 252.18

251,96,-2.52x_5ilLJI49-,5L.

252.03 257.53 250.59

246.7 1 241., &.»
248.22 241.95
2_4A,21.-2.41,1.7--
246.96 241.78

13...232L2L-2hA,12.242,1.6

249.53 254.73 247.56

216.32 262. 16 254.67
254.95 261.29 253.65

244.78 240.54

250.24
249.30 243.00

2*3,7.L

21j-

253,70 .259, 39 251,95.146.,.A6-.X42t. AL
256.31 262. :1 255.37 250.59 243.74
270-,05.255_, ?4 248.85 245.63 240,71

287 2*8.70
282 249tX2
288 248.78
-266 2*9. 74
285 245.85
287 249.51
288 248.91
2.66 -2k5,A4
287 2*8.86
289 747.95
288 248.84
287. 746.40
288 247.08
288 246.82
288 2*5.25
287 244.90.
287 245.36
286 2*5.53
289 245.39

286 745.,15.

287 244.20
287 241.11
287 242.03
.285 242116
286 242.80
286 2*3,.05
286 241.01
288 242,73
285 240,8*
286 241.82
286 241.34
288 24C.39
287 240.44
286 235.75
287 239.59
286 236.12
788 233.88
287 238.37
286 238.74
284 239.47
287 239.24
285 239.49.
266 233.R6
268 239.11
288 238.42
268 238.24
285 238.83
286 239x62
288 237.92
X84 240.15
<88 2*0.25
288 239.95
286 236.56
288 236.87
286 236.31
287 236.31
285 234.52
287 233,11.
288 230.70

287 2*8.50-

286 253.62

23b 20.2721.251.,32.

286 254.51
284 253.89
287 255.15
286 254.23
286 255.33

.284 .25.5,99
287 255.68

46

63

<51.79 246.23 244.41 241.29 285 249.51 253.14 247.50
285249.19 252.43 246.97
252.36 246.78 244.76 241.39 285 249.15 252.45 247.21
242.79 -245.5h 2kIt5Z—286. -2k9t_65,253.5EL-24

288249.25 253.G7 246.99
289 249.64 253.95 247.92
286 243.82 253.17 247.09
233248. 27 252.01 246.68
287 243.44 252.69 246.34
-2.87 243.32 251.65 246.58
285 243.83 252.99 246.59
-2.kfc.4h
287 247.48 251.84 245.52
2-836_2K.6-ti3-.-2k9.19.3 -24-K.5£.
283 245.36 248.40 243.18

757.6.3

251,61.
253.35
253.20
253. 20
262,21
253. 15
251,74
252.96
75?.*7
253.32
253,75
248.22
2k3-».12.
24ft.ol
243.85
243.57
X43,5Q
247.12
240.27
244 .35
2kk1 4.
245.30
245_9A
243.11
245_59
243.09
244. 31
243.33
242_62
242.76
240.44
241.42

240.21
<39.73
239.97

243.9j..

240.49
.241,31
240.45
240.d5
239.49
239.58
240.44
241t*1
239.27
242.25
241.93
-24.1, 42
233.60
133.49
233.21
239,20
237.11
2.35, 80,

233.39

253;,93
258.14

259.39
259. 02
260.41
253,87
260.39

261.53.253-..
260.74 253.51 249.79 243.84 287 25*.43 259.69 252.46
265_ 28A,45 252*72. 249.21 246.75 242.33

AK7-,A9_ AKK97_

248.16 245.56 241.97
247.49_2kStAK.XKI. .,
247.14 244,91 241.50
AK6T61 . -244i3.4_24
246.93 244.63 241.38

243.08 241.45 238.54

41.31 240.08 237.65
Kin.76. A39,kI__
39.66 238.30 236.34

235"57-22-atkZ--2ibtk4_

237.16

237.33 235.74

235.72

238.14 236.37. 235*45.

.96 235.33 234.98

,9.4 X35.41X34,61 286 235tll

234.29

233.52 232.94
3-3,12
32.64

232.71
232.37

230.91 230.76
2.30, 3y. 229_, 60
227.07 227.60 228.37
2.46,02, .241%48_23.9.t.7.0.
251.34 248.05 243.27
23L

252.70 249.16 243.82
252 .03_248.63_243.48
253.45 249.72 243.98
252.18. 2.48,91_243,"4
253.59 249.98 243.84

231.07
230sA.2.

64_2.5JL.-26 244,56_.

241..52. _

“EFl__

-9.9-.

237.0.9.

-222,-9.5__

X5-5—

247...93 251.95

245.36 241.98
244.68 241.55
244.91 241.74
2k1t32. . Akl it9-.
244 .79 241.58
245.52 241.91
244 .80 241.62
244 .43 241.03
244 .28 240.93
244 .21 241.09
244 .43 240.89
744.07 2.4.0..5Q
243.30 239.96
242 .3AX13tl9_
241.23 238.56

-28 5_.2kAtiLl--2k7t-a7-2k2t72-2kn .92 238 _3k-

287 245.67 249.08 244.12
..Za3_2K5t7.

283

283
.286
287

-2iLE-JL4Z.-k9.2K5.122. _AkQ-,4Z

237

-28.8—242j»-65_2k5_t2JL A4.Q,89_

IL, 249.07
245.42 248.17

244 .20 247 .00
243.19 245.88
242.30 244 .82

242 .83 245 .07

241.94
241.68
241.54

239.06
238.74
238.64

243.61
243.89

242.13
240.72
240.03

240.07
239.23
238.54 236.59
235, 5k-..AA5t6.9. . .-
238.94 236.85
AI9tfl6 X 371Ji3__

237.56
237.01

240.45

287 242.18 244.99 240.26 238.72 236.88

_287-

242.29 -24k, i4

-235.96 23.5tZ.9._23Jat£9.

287 241.55 243.68 239.33 237.99 236.27

28-6

2kIt.K5__2k3.155_

. 239t 55-238.01 236.22-

287 241.21 243.44 239.39 237.89 236.33
29_Q A45,25_.242t42LAAB«0.7_AAZtQ_k- 215tk8. .

285
28.5
285

287-

288

286 234.78 237.66 231.50
286 231.39 234.39 227.63
285 231.94 235.15 228.09
23-3-25.A\ 52., 25-6»1 63-2L409... 86
286 253.54 257.86 251.36

286 253.79 258.99 251.81

2.35.253.62 258750 251.85
284 255,01 260.52 252.90
285 255. 54 260.53 253.63
237 254.28 259.46 252.21

%‘e@é 28348 -;@94;6_-22%%_72 249.23 243.73 285 253.29 258.15 251.61

._29.7-_256*A2__26A, 58

232,322571. j4 2,6<» 24.2AZt62. 2ii2,514__
25406 259.547252.22 248.71 243.09 285

2321L.J2LLS8,32-25At_Z*L_2M*A2LXk2t_7k__286
257.15250.05 247 .03 241.95
266 25.3,17,25 3,48 .250.94 247.63 242.36
259.01251.16 248.00 242.50

286 252.03
286 253.35
286 o50114

%&5 243.83

287 244.72

287 247,60
286 247.61

256. 312 *3'/06°7 44! 16 240.05
254.56246.54 243.32 239.50
240.54242.50 240.64 237.76
251.97245.32243.02 239,

50 243
252712 2*6.31 243.76 240G.20° 298~ 219 53 252.60 246.59°

287
288
286

288

287
286
287

240.28 242.25
239t.65.2k2.11
238.45 239.69
238.1-Q—2k2« Q0
238.89 239.87

255.33 261.36
253.93 259.57
251.10 256.43
251.77 257.01
254.22" 260.23

2™M\bb 255.45

243.86 254.68
244 89 249.83
252.98

.2.k0,5.1236.46
289 239.35 240.52 237.33
28£-_225till -.240 ,32 236t71
289 239.70 241.40 238.20
28X-23.5t.k6_245,6.4.23Z,5£
286 239.19 240.47 237.46
287 239.56 240.85 237.4.7
289 238.84 240.10 237.13
28 5A35,76 .245,5.6 236.,43
288 239.77 240.93 237.73
25.8 .235..28 235t5tL. 235t52_
287 238.98 240.19 236.66
285..240.20 _X42.12 237.57
287 240.29 241.87 238.37
28.7 24.5.».4)L. 241>52-257,.28 7 _35,76-2-35,41___
289 237.14 238.36 233.75
2M.236717-2.37,25_233.16
288 236.81 239.80 233.56

237.96
238tk
236.23
235t55_
236.68

236.74 235.37
235t5.6 235.34 -
235.41 234.19
-235.23 234.36-
235.69 234.83
235.a6 235.88,
236.46 235.29
235,36-A35,51
236.86 235.89
236.88 235.72

23.6.4.9 ...235.25
235.93 234.75

236.48 235.20
235.77 234.49
237.14 235.41
233.19 232.84
232.89 232.66

230.94 231.41
227.99 228.91
228.23 229.06

_246, 37 241.8X-
248.23 243.30

248.68 243.45"
248.40 243.21
249.50 243.66
249.84_244,15__
248.95 243.64

248.49 243.24
250.5Q 244.38
249.10 243.75

254,30

253.76 249.84 243.69
251.90 248.47 243.05
249.27 246.16 241.66
249.94 247.03 241.95
252.72 248.60 242.77

247.94_244.77 240.01

247.08 244.13 239.76
243.152*0.91 237.66

246.79 244 .2
2*4 .23 240.66

280 2995 2h-¥r 248.1b St Bat78A. . 209 250,81 3RADR. 2PNy 23,7 390,4
287 246.74 250.92 244.89 242.82 239.35
285 249.98 254.14

_238. 247.97
288 249.45
287 253.92
287 248.99
28-7.- 253.26

287 253.87 259.01 251.91 248.24 242.43

288, 25?7t5A254x42__255,ZAABA*?2X54* Ik_

£52.38246.50 243.73 239.72
<53.34247.96 245.10 240.90

259.47252.13 248

,60_242,73_

289

254.33 247.48 244.22 239.88 286
2.60_.5"J_252,20_-£48,04 .242,.3 6287
288 251.66 <57.49 249.81 246.29 240.97 287

A 2K, 3pansge 258,72 243°14-242,20 DA KLY BT

-268 232,14 .213*12-2511Q.9._247.,9,1 _2.42*X6,

289 252.22 257.64 250.46 246.78 241730

.232-

283 253.82 260.55 252.69 248.56 242.54
2b0 249.95 255.53 248.

255_2.43.tl5

285

25,6.

284

279

253.91 259.00
249.37 254 .21
252.79 259.33
249.82 255.12

254.11
256.65 262.16

257. 11 2
253.33 259.24

252.72 258.91

211

247.78 2*5.11 240.81
252.19 2*8.52 242.67
246.86 244.23 240.03
251.61247.63 241.62
248.26 244.83 240.19

B, I, %55 2415

247 .41
254.91

2*4.51 239.95
250.68 243.92
251.99 248.01 242.02

251.72 247.75 241.96

236.26 235.17

,235.84. 214.75
.23.5,76 234.27____

216153.-255.k0

232.36 232.51
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FLIGHT NO 7 6/ 12/ 70
MN SH ALT  T112T3 TUIS 0-LI___LL 1zZaz2LaE s a__u Aa=a=a=aIs
36 33275 253.32 259.55 251.99 247.75241.72 276 253.69 259.42251.62 247.50 241.42 275 252.75257.77 251.02 246.88 241.18
36 43270 250.74 254. 75 ?48.45 245.77 240.04__274 249.63 253L..4.7 .2M...5.4-244.59 34(1.0.5_270 247.80251.14...2.45.30 242.8.7.238"68..
36 55271 247.65 251.13 245.63 243.04 238.61 270 248.78 252.73 246.22 243.47 239.10 269 250.13 254.30 247.94 244.87 239.72
37 7 268 249.86 254. 27 247.68 244.41 239.26__270 250.52 255.65 2.48.37 244.94 239.63__ 270 251.05 257.57 249.02.245.25....239.>.5.
37 19267 252.07 258.65 250.26 246.12240.07 267 255.16 262.44253.27 248.65 241.58 266 255.08262.70 253.29 248.49 241.27
37 31266 255.71 263.36 253.94 248.89 241.73__267 256»aQ 264.80 255.84 25Q. 10. 242.2.3_2.66 255.43262.99 2,53..83.,.2.40.7,7 ..2AL27...
37 43267 255.91 264.33 254.90 249.22241.79 264 253.62 260.80251.99 247.27 240.45 264 250.27 255.66 247.92  244.30 239.09
37 55263 249.91 255.98 247.86 244.07 238.72__263 2i6-ii2 £51.97 244.76 241.42 237,05_262 246.21251.75 243.66.24Q. 71 2.36,.4.1
38 7261 249.04 256.45 247.10 243.19 238.05 260 247.51 254.30245.59 241.93 237.25 257 248.18254.87 246.48 242.44 237.18
38 19 758 248.56 ?55.63 246.4? 242.57237.32 255 249.24 255.77 ?47.48 ?43.71 237.59 25E 250.2? 257.77 248.30 ?44.16 277.71
38 31253 250.12 257.37 248.46 243.80237.65 252 249.49 257.08247.02 242.37 237.09 252 250.21257.49 248.65 243.75 237.58
38 43 Z'th..Z51L.M.RI.Z3A»L3 ,2.48<92 244.34 237..,94 24B 251.67 258.13 2-433.,2ii,61 238.20 24.5-25.2, ZZ 259.09 25Q.15 245.51 236.53.,.
33 55247 253.81 260.54 251.33 246.22 239.34 246 256.23 263.71253.43 247.94 239.61 244 254.07 261.43 251.96 246.21 238.75
29 7244 249.32 256.P3 247.15 242.57 236.49 241 248.51 254.50245.73 241.68 236.27 243 254.66261.99 251.79 246.39 238.89
39 19244 255.26 262.73 252.80 246.82239.16 244 254.36 261.87 251.94 246.19 238.46 242 250.95257.88 248.67 243.73 237.23
39 31243 254.71 262.39 251.75 246.29 238.91 246 255.17 262.08 252.61 246.75 238.41 244 254.46261.78 251.QQ 245.96 238.70
39 43243 258.21 265.53 255.61 249.05240.06 244 254.36 261.38251.32 245.62 238.50 243 258.63 266.37 255.92 249.22 240.45
39 53247 261.88 270.40 258.85 251.47 241.41__ 242 ZhkA72 £73.25261.65. 2.534.4, 2.42°7.0_24.1 262.12 270.83 259.64 251,.a.IL.24.L.6L,
40 5243 261.55 269.89 258.75 251.12241.29 242 264.03 273.18 261.14 253.16 242.28 241 265.62 274.77 263.04 254.41 242.89
40 17 241 266.11 275.67 263. 75 254.82 243.32__240 267.3,8 277.21. .264.81 255.74 .2.41.5-0__2.41 .263,.2i,.279.17 266.93.25.7%22 244_61
40 29242 269.09 278.75 266.46 256.84 244.03 238 269.60 279.49 267.02 257.33 244.49 240 269.34278.67 266.64 257.04 244.23
40 41239 269.50 273.93 266.93 257.27 244.28 238 269.82 274. 34 266.92 257.32 244.47_218 .269..7.5279.17 266.78 25.7.3624.4.56.
40 53239 269.34 275.03 266.22 256.74244.06 238 269.25 278.26266.58 257.07 244.40 237 269.26277.90 266.17 256.87 244.24
a1 5240 269.26 278.40 266.35 257.00244.36 239 269.36 278. 04 266.41 257. 17 244.29_218—26.9"-SI 278.20, 266.38 25.7.113 244 _4fl.
41 17238 269.15 277.18 265.66 256.44 243.79 239 268.84 276.98 265.40 256.24 243.86 239 268.64276.78 265.29 256.05 243.51
41 29 239 269.64 277.88 266.03 256.82 244.13__239 265..9..6 278. 30 266.47 257.Q2..24.4,14__242 270.06 278.3Z .266. 16 256.88 244.05
41 41238 270.13 278.18 266.47 257.15244.41 237 270.16 273.70266.91 257.39 244.48 239 270.01278.34 266.47 256.99 244.16
41 53240 269.83 277.98 266.11 256.°9.924.4.35_ 218. 269.91 277.67 266.20 256.95 24.4.19_ 238 270.18278.7,2 266.47 257.09244,22.
42 5240 270.46 275.70 266.79 257.37 244.36 240 270.49 £78.92266.95 257.37 244.50 241 270.37278.35 266.62 257.17 244.37
4217_217_ .270.46...27-3.,60- 266.SB 257.28 244.63__217-27Q-,5{) 278.46 266.66 257.1,6,244.24__ 239 270. 81 .21.9,.,1iL-267.FI5 2.5.7,46 244.62,
4229 238 270.74 273.89 266.74 257.17 244.52 240 270.59 278.57 266.91 257.31 244.54 241 270.31278.24 266.57 257.02 244.18
itg 41 24J- 27.Q..S3-2737.21 266.79 257.29 244 _4).—-2ia,271L.69 278.8Q 267.01. 2.5,7.41.-24-4.-54 239.27Q..61 278.79 266.99 257.21 24.4*41.
42 53238 270.89 279.41 267.31 257.61244.70 240 271.13 £79.46 267.54 257.67 244.57 239 270.98279.61 267.31 257.51 244.50
43 3240 270.81 279. 39 267.38 257.53244.5Q 239 270.88 £79.47 267.41 257.51 244.43_239 270.98279.28 267.45 257.44
43 15240 271.08 279.76 267.49 257.76 244.69 238 271.03 279.44 267.59 257.70 244.44 238 271.14279.63 267.39 257.63 244.48
43 27238 271.35 279. 72 267.79 257.71244.64 239 271.30 279.68 267.76 257.71 244.65_2.4.1.27.1j.21 279.40 2.67.43 ,257.39244..12.
43 39238 271.27 279.91 267.51 257.73244.67 239 271.20 279.62 267.58 257.59 244.44 240 271.18 279.54 267.23 257.55 244.39
4351 239 271.31 279.58 267.67 257.56 244.44 239 271.15 279.57267.45 257.51 244.31 241 271.3?279.35 267.79 257.74 244.50
443 237 271.P5 279.10 267.12 257.41244.32 240 271.54 279.76 267.83 257.34 244.76 240 270.96279.20 267.20 257.50 244.26
4415 240 271.34 279.47 267.67 257.78244.58 239 271.36 279.51 267,36 .257.52 244,41 238-27.17°26 279.-10 2.67.5.6-257.60 244.54-
4427 240 271.08 279.17 267.02 257.26244.23 240 271.42 279.56 267.85 257.34 244.69 233 271.17 279.60 267.44 257.41 244.56
4439 238 271.00 27S..89 267.34 257.48244.26 240 271.14 279.32267.29 257.52 244.-65—24Q 27 0«89 27fl,Z-2-26.7->1.8_257.5? 244.43
4451 238 270.80 273.54 266.87 257.30244.44 238 271.06 278.90 267.01 257.49 244.60 240 270.91278.81 266.91 257.44 244.30
45__3__239 270.88 278.75 266.77 257.25_ 244 ,1.123-8-270.89-278.90 267.14 257.49 244..19— 240 271.11 278.89-267.20 252.J5 244,47-
4515 240 271.23 279.41 267.26 257.45244.49 237 271.61 279.71267.94 257.91 244.61 238 271.41279.70 267.49 257.44 244.38
4527 239 271.54 280.26 267.97 257.80244.77 239 271.19 279.44 267.49 257.28 244.18_238 2.71.602,79.84 267.53  257.60 2.4.4°51
45 39 238 271.39 279.94 267.46 257.57 244.60 239 271.33 279.54 267.59 257.71 244.49 239 271.28 279.59 267.20 257.46 244.22
45 51 23H 271 S5fl 279. 79 267 72 257 8?2 pul .72 238 271 19 279 47 267 33 257 54 PLL 1 237 371 5? 279 54 267.40 297 63 244 ySS
46 2 238 271 .24 279 i18 267 43 257 .48 244 .39 238 271 .12 279 14 267 .65 257 .59 244 28 238 271 11 279 .37 267. 37 257 46 244 38
46 15 24° 271 26 279 40 267 357 ,65 244.52 239 271, 15 279 41 367 11 257 37 244 39 342 271. 77 ?7Q 63 267 58 257 24.4,.11
46 25 238 270 75 278. 74 267 (8 257 .18 244 16 238 271 03 278. 84 267 22 257 36 244 62 240 270 85 278 91 267. 04 257 19 244 36
46 37 239 270 89 278, 75 267 28 257 ,4") 244 63 237 270 71 273.60 266 78 257 11 244 33 239 271 07 279 Q1 267. 36 257 65 244 80
46 49 239 270 77 278. 47 266 82 257 .21 244 29 239 270 80 278. 96 267 .21 257 57 244 61 240 270, 61 278 66 267, 05 257 20 244 41
47 n 238 270 73 278. 93 267 17 357 ,37 244 45 337 270 68 279, 06 367 08 357 34 344 37 240 370 76 379 39 387, 28 357 42 244 58
47 13 239 270 61 279. 21 267 21 257 .24 244 52 237 270 58 279.20 267 21 257 57 244 49 238 270. 39 279 02 267. 00 257. 36 244 34
47 75 240 270 62 375, 19 ?67 33 357 ,57 244 239 37(1 54 279 07 367 04 357 39 244 41 239 370 57 279 10 367 48 357 45 294 53
47 37 239 270 48 278. 97 267 13 257 .25 244 46 239 270 64 279.27 267 45 257 57 244 68 239 270. 48 278 91 267. 15 257 25 244 35
47 49 239 270 60 279. 42 267 52 357 .71 244 71 239 370 44 278. 95 267 21 257 jJJL 244 ,42 233 270, 59 279 _45_267. 51 257 62 244 74
48 C 239 270 52 279. 21 267 27 257 .45 244 .55 239 270 55 279 09 267 31 257 41 244 51 237 270 47 278 79 267 17 257 29 244 .22
48 13 240 270 66 279 19 267 60 357 ,63 2?44 72 238 370 56 273, 78 267 06 257 43 244 41 239 370 73 379 13 367, 46 257 68 244 65
48 25 240 270 69 278, 96 267 20 257 42 244 51 238 270 62 278 86 267 20 257 59 244 40 239 270. 78 278 86 267.37 257 59 244 65
48 37 241 27(1 83 278, 63 367 (5 357 ,55 344 64 337 270 78 278. 47 266 94 357 31 244 47 239 370 81 ?79 03 267, 20 257 62 244 77
48 49 239 270 77 278. 65 267 23 257 .47 244 51 238 270 35 278. 74 267 06 257 38 244 46 239 270 97 278 85 267 72 257 75 244 68
49 0 239 270 48 278, 74 267 03 257 .27 244 32 239 270 59 273.70 267 35 257 50 244 45 239 270 80 279 07 267. 49 257 74 244 55
49 13 238 270 81 278. 73 267 11 257 .55 244 45 239 270 76 279. 03 267 17 257 53 244 58 239 270 54 278 78 267. 33 257 47 244 54
49 25 240 270 66 278. 92 267 33 257 .64 244 68 238 270 .49 278 57 266 9C 257 25 244 30 237 270 94 279 19 267 81 257 98 244 99
49 35 239 270 56 279. (4 267 00 257 .27 244 43 237 267 30 274. 78 265 09 256 43 244 44 240 267. 12 274 91 264. 27 255 95 243 83
56 53 238 267 00 274, 43 264 31 255,55 243 64 238 266 93 274.91 264 1? 355 50 243 67 238 767. 05 274 59 263. 89 257, 34 243 60
57 4 238 267 43 275. 02 264 17 255 .34 243 86 238 267 06 274. 53 263 65 254 90 243. 45 240 267. 07 274 27 263. 84 255 13 243 57
57 17 238 266 88 274. 48 263 58 354 91 243 37 240 267 17 274.76 263 60 254 93 243 53 240 267 16 374 75 263 54 255 0J_243,.42
57 20 239 267 26 274. 87 264 03 255 .26 243 62 239 267 22 274. 33 263 29 254 70 243 25 238 267, 49 274 13 263. 45 254. 85 243 51
57 40 238 267 05 273, 51 262 99 354:44 243 16 239 267 14 273.60 263 14 254 64 243 39 240 267. 03 273 57 263 07 254 57 243131
57 53 240 267 27 274. 10 263 35 254 88 243 56 241 267 09 273 49 262 .89 254 59 243 17 241 267. 51 274 30 263. 73 255, 07 243 60
5f 4 247 267 13 373 91 353 13 354 .68 243 .21 243 367 60 374, 19 363 48 355 09 343 73 PLL 367, 33 374 16 363 21 254 96 243 .54
58 17 244 267 44 273 82 263 47 255 .15 243 76 243 267 21 273.24 262 89 254 32 243 50 244 267 55 273 48 263 24 254 99 243 70
58 29 243 267 41 373, 34 363 82 354 ,73 243 56 244 267 51 273 73 263 48 255 08 243 97 245 767, 31 273 03 263. 18 254 87 243 .70
58 39 246 267 61 273. 68 263 23 255 .02 243 83 246 267 62 273. 95 263 73 255 10 243 88 245 267 48 273 85 263 35 255 04 243 .84
58 51 246 267 56 373, 61 263 49 355:33 244 09 347 267 40 273,79 363 39 355 13 344 08 245 367 57 373 55 363, 40 255 09 243 .86
59 3 246 267 67 273. 65 263 67 255 .43 244 17 247 267 58 273. 42 263 43 255 13 243 96 246 267. 64 273 52 263. 35 255 17 243 .94
59 15 247 267 6? 273 52 363 47 355,34 2<t3 97 247 367 62 274. 47 363 68 355 47 344 06 247 367 41 273 87 363 34 255 18 243 96
59 27 247 267 .69 273. 85 263 59 255 .35 244 09 248 267 36 273 49 263 53 255 20 243 87 248 267. 32 274 04 263. 52 255. 29 244 .13
59 39 249 267 44 374 56 263 91 ?55.41 244 .29 248 267 16 274. 66 263 53 255 35 244 07 250 267 59 274 84 264 08 255 62 244 .41
59 51 249 267 .36 274 65 263 83 255 .47 244 18 249 267 22 274.32 263 96 255 53 244 11 251 267, 44 275 25 264. 15 255 80 244 34
0 3 250 267 66 276 59 265 09 356 17 244 43 251 367 64 377 |7 365 51 356 ?8 344 33 290 367 66 377 .3? 365 39 256 30 244 43
0 15 250 268 16 278, 01 265 96 256 .77 244 85 250 267 55 277. 26 265 46 256 17 244 37 251 267. 64 277 45 265. 84 256 46 244 .55
n 71 253 267 73 377 57 365 68 356 ,33 244 44 251 267 77 377. 67 365 61 256 47 PLL 57 257 367, 66 277 47 365, 56 256 36 244 62
0 39 253 267 51 277. 61 265 57 256 .37 244 57 252 267 48 277.49 265 31 256 16 244 39 252 267. 36 277. 03 265. 37 256 36 244 54
0 51 252 266 76 375 30 264 07 255 .73 2?44 3(1 256 ?6f 74 274.55 364 13 255 66 244 41 253 266. 53 274. 03 263. 63 255 59 244 44
1 3 256 266 46 274. 38 263. 96 255 78 244 43 255 266 65 274. 78 263 72 255 52 244 25 255 266. 91 275. 44 264. 7-1 256 10 244 72
| 15 258 266 47 374. 61 263 94 255 63 244 39 259 266 96 375, 63 364 80 396 30 344 76 358 366, 70 374 87 369, 06 255 79 344 51
1 27 259 266 61 274. 47 264 08 255 76 244 54 257 266 52 274. 28 264 06 255 83 244 74 258 266. 25 274. 34 263 76 255 69 244 51
1 39 260 266 41 373, 59 363 98 355 66 244 67 259 266 16 373- 7? 263 62 255 57 244 43 259 365, 91 273 74 ?fi3. 83 255159 244140
1 49 260 266 26 274. 30 263 91 255 63 244 62 260 265 87 273.89 263 69 255 61 244 59 261 265.98 274 65 264. 05 255 92 244 77
2 o 261 265 92 274,82 263 99 ?55 76 244 83 260 265 13 273.33 263 33 255 33 244 34 260 ?65 51 273. 48 263. 38 255 97 244 .77
2 13 262 265 34 273. 23 263. 12 255 37 244 44 261 265 30 273. 11 263 42 255 56 244 56 261 265. 38 273 44 263. 34 255 45 244 46
2 25 264 265 33 273. §| 363 68 355 .55 244 90 263 266 47 374,53 363 69 355 64 344 76 265 365, 56 274 76 264 09 255 96 244 .88
2 37 265 265 27 274. 17 263 50 255 .45 244 68 265 265 55 274. 72 263 93 255 86 245, 08 265 265. 58 275 12 264 19 255 95 245 02
2 49 266 269 63 379. 7° 364, 33 356 (0 244 89 269 265 46 ?75.58 364 08 355 84 244 79 264 365, 58 376 (00 364, 61 256 13 244 yaa
3 ) 266 265 50 275. 97 264. 45 255 86 244 63 263 266 05 276. 64 264 72 256 19 245. 07 265 266. 04 277 20 265 22 256 50 244 95
-11- 263 266,  W277,.0ifL 265.|UL .256,L12 -24.5.,,18 262 265 -33-277. 09 265,12]L 256,114_ 244,1.8-5- 2£1_ZMjJIL .277,,Aa_-265, 256,uld4 JSIKIti 1§
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10 33
10.-44
10 57
u__
11 20
11,31
11 43
11-55.
12 7
12 19
12 31
1? 43
12 55

13__ 7

13 19
13 31
13 43
13 55
14 7
-1,4-19-
14 31
14 41
14 53
15 5
15 17
15,29...
15 41
15 53
16 4
16 17
16 29

- 1h-JiSL

16 53
1-i%
17..23
17 41
17
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18.
18 51
13—JL
19 15
13.27.
19 39
19.51...
20 3
20 U
20 27
0. 39
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11--J-
21 13
21.-29-,
21 37
21 49-
22 0
22. 13..
22 25

22.31.
22 49
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3
15
27

S.C__

5—3-,,

9

Q_

Bl
264 266.55 278.36
261 266.25 ,277.16
262 266.67 278.41
-262..2.66-..67 278.55
262 266.89 278.54
,263 266.64 27.8.55
262 266.94 278.36
.261. 266.52 21533
262 266.77 276.93
262 266.19 27.5,45
261 266.44 275.20
2162.266.17 275..9S
261 266.85 276.82
.262,267.38 277.94
261 266.41 274.40
262 266.45 274. 1.7
259 266.44 273.49
-253-266,,47 274.34
262 266.85 275.13
261 266.57 275.52
262 267.05 275.73
261 267.04 215,71
26i 266.92 275.74
-262 267,26 21.5,57..
26n 267.05 275.80
262 267.17 276,.£6
261 267.34 275.85
-263-267, 37. 275,82
261 267.62 275.92
26.1, 267.58 .275,91
261 267.40 275.65

261 267. 48
-26Z—-2-67-1 57
263 267, 34
,261 .267.56.
262 267, 53
.26.1 267, 57
262 267. 37
263 267. 39
261 267. 32
?f>1 ?ft7. no
262 267. 17
.26.3 267. 41
262 267, 48
-263 26,7, 35
262 267, 08
-262.267, 21 ..
261 267, 39
-262,267. 73
260 267, 71
260 267, 77
267 268, 07
267 267, 82
262 267, 95
260 26,7. 85
263 268 07
261 267, 75
263 267, 81
262 267 79
262 267, 78
267 268, 2?
261 267. 76
263 268. 17
261 267 94
262 268, 31
261 268. 10
263 268. 22
263 268, 08
262 268'12
263 268, 23

268, 12
263 268. 32
£6.2.-SM.i 1?
263 268. 38
263 268, 11
262 268 08
261 267, 76
263 267, 55
26.3 257-, 91
261 267, 59
263 267172
261 267 31
264 267 60
262 267, 51
253 267, ?7
264 267. 58
252.257* 27
262 267. 25
263 267, 7?
263 267 ,44
263 267 ,28
264 266. 95
262 267,£6
261 267, 11
-281.-286.* BQ 275.23
264 266 .76 276.37
262 26,6. J4-2. ZZJ J6-
263 266 7.80
251-255. >95 276_25

275.75
276, 17
275.69
-276,21
275,

275.79
275.87
275,82
275.99
27S.g«
276'. 59
276.50
277.81
278,14
276.88
21.1*£9
277.32
278.26
273.76
278.90
279.20
273.81
273.99
279.C7
279.00
278.73
278.87
279.11
278.93
279.45
278.82
279.37
278.74
279.37
278.85
279.08
278.86
279.01
279.00
279.3?
279.10
278.80
279.24
279.12
273.63
277.29
276.15
276111,
277.55
276.82
276.50
277.38
277.73
277*05,.
277.03
2,77.12
277.96
278t0.1
278.62
277.64
276.13
276

275.82

265.71 256.67
253* 1.9., 256.06
265.74  256.57
265.».67. 256-..5Q
265.89 256.75
265.37 255, .44
265.46 256.71
26,4.68 256.1J
264.96 256.38
263.88. 255.78
264.19 255.98
263.96 255.79
264.92 256.35
2,65.60 256.74
263.52 255.70
263.84 255.79
263.60 255.75
.263.76 2551,
264.56 256.35
2-64V.62 25.6.11
264.91 256.46
265.0Q8 256.,6.3
264.79 256.34
264,85, 256,35
264.86 256.21

- 264.88 256,36.

265.10 256.36
-265,0.5. ,256.50
265.22 256.48
266,16. 256.64
264.86 256.53

265.07 256.42
-26-5,25. 256.73
264.76 256.27
265.20 256.80
265.08 256.60
265.33 255*35,
264.92 256.59
,2,65.21 256.74
264.87 256.45
.17 256.66
264.88 256.23
265.24 256,53
265.63 256.73
265.63 256,70
264.85 256.35
265. 32 256.55
265.27 256.38
265,99... 256,89
265.96 256.88
155*11. 257.07
266.04 257.02
266.04 256.83
266.18 257.27
266.04 w25-7,0-6-,
266.22 257.12
265.81 256.83
265.95 256.93
266.16 257.15
266.10 257.02
266.38 257.27
266.20 256.97
266.57 257.33
266.00 256.92
266.58 257.51
266.02 256.80
255*21 297*22.
266.18 256.89
265*9,3 257..11
266.32 257.21
266.31 257,23
266.45 257.21
265.99 257*55.
266.50 257.26
266.06 257.03
265.90 257.00
265.39 256.72
264.72 256.41
.255.1JL&- 256.72
265.51 256.78
265.53 256.81
264.75 256.51
';égll_Jg_ 256*1Z
* 256.82
255*15, 256.71
265.47 256.79
2.65.17. 256.78
265.59 256.96
266.13 257*28
265.74 256.9<
269*29, 256.*A2.
264.40 256.23
94 256.
264.48 256.29
264.01 256.01
264.62 256.48
255*55. 296*83
265.32 256.93

264,46 255*15.

65

FLIGHT NO 7
_L5_
245.03 261 266.10 277.64
244.77 -261 2.66.46 277.71
244 .96 261 266.60 278.42
244.79 260 .2.6£-.81 27a. 54
245.04 262 266.58 278.25
244 .79 .-251- 266.J-95. 278.8,5
244.97 262 266.87 277.87
244.92 259 266.67 27-7.12.
245.21 263 266.30 275.78
244.87 .261 266.ZJL276.16
245.27 261 266.13 275.40
244.7-6. 26Q, 2,66.40 .7.6.25..
245.11 262 266.77 277.41
2.44,97 263. 267.,15.278.08
244 .67 261 266.59 274.21
245. 0,5 . -260- 266.23 273,93.
244.89 263 266.38 273.97
.244,74 261 266,37-27.4,50.
245.20 261 266.70 275.50
244 ,84- 263-267_,18- 275,97_
245.09 262 266.68 275.18
245.00 -261 266,94. 275.49
245.04 262 266.92 275.99
244 .92 260 267,02 215,47.
244.88 265 267.45 275.83
245.01 263 .267,29 275,88
245.09 261 267.34 276.00
245.05 263 267.47 276,7.8
245.34 262 267.36 275.62
246,24... 26.1 267,28.. D15%52
245.20 263 267.77 276.17
245.17 262 267.62 275.68
245,42- 261 267,25.27.5, 45-
245.07 262 267.54 275.48
245.33 26.1. 257,00. 275, 27-
245.45 262 267.55 275.67
245,39 -252.567,39_215*55,
245.19 262 267.21 275.64
245.29 ,262 562,18- 215*39.
245.02 261 267.22 275.68
245.17 .262 26.7,13 276.20
245.07 262 267.45 276.46
245.19- 260 267.28 276. 35
245.16 262 267.46 277.64
244.99 -260- 267,29 278, 0.6
244 .95 262 267.33 276.82
245.02 .262 2,61.12 221*52..
244 .96 262 267.47 277.83
245.28 261 267.50 27.8.34,
245.30 262 267.65 278.53
245.39 262 267.77 279. Q6
245.23 260 267.94 279.00
245.0.5 263 268,11 279,-14..
245.36 261 267.74 279.24
245,11 261 268.13 273l
245.58 262 267.70 278.58
245.16 262 267.81 278.93
245.27 265 267.96 279.29
245.41 261 2b7«71 7.9..0.5.
245.51 263 267.89 279.05
245.51 263 267.79 278.98
245.33 261 267.83 279.07
245.66 262 267.85 278.82
245.17 261 268.25 279.24
245.78 262 268.00 278.93
245.10 264 268.28 279.19
245.36 260 268.38 279*33
245.12 261 268.16 279.28
., 245,1-7-. 262 268.34 279*27.
245.52 262 268.06 278.91
245.72  2fc3 268.20 278.98
245.52 263 268.25 278.83
245.39 251. 268.28 279.13
245.58 262 268.01 278-97
245.42 263 268.05 278. 77
245.78 26-2 267.84 278.50
245.57 261 267.48 276.81
245.40 263 267.42 276.05
245.29 _pp- 267Q 277.07
245.33 262 267.48 277.36
245.63 261 267.45 276.45
245.44 263 267.49 277.16
245.6.3... -261. 267.43 277. 30
245.55 261 267.47 277.53
245.46 NI. 252*73- 277f,1.0_
245.68 267 276.94
245.61 .26 277.13
245.38 262 267.52 278.63
245.83 -2]J- 267*48 273.36
245.55 261 267.51 78.86
249*71 262 251*05. 279*5.8
245.53 260 267.08 275.75
261 266.83
245.43 261 266.95 275.87
249*36 252. 266*67 279.37,
245.52 261 266.58 275.41
205*55, 262 268,37 278,i92.
245.79 260 266.62 277.10
249*54 262 2.63*44..27.5,15]_
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264.85
265-.,34
265.41
265.71
265 .51
265.90
265.34
26.4.86
264.11
264,63
263.93
264.51
264._9L
265. 4.
264.12
263.42.
263.69
263.,.86
264.60
265., Q.4
264.57
264.62
264.80
2.64,60.
265.21
265.12
264.97
265, 22
264.64
265, 0,0
265.33

265.07

254,52_

265.07
264.43
265.23
264.7.5
264.80
56.4, 75
265.06
264,76
265.37
265.06
265.78
265,69
265.33
265,.28.,,,
265.39
265,71.
265.98
2-66-..02
265.83
266.66
266.20
255*55,
265.69
266.26
266.51
266.03
266.44
2,65.,84.
266.16
266.13
266.48
..265.1-89-
266.24
266.33
266.47
.266.521
265.90
266.54
266.11
256.* 28
266.02
266.18
265.95
265.08
264.75
265 *31
265.29
264 .6,4.
265.40
255%57-
265.40
265.45
265.23
265.35
265.94
,.2,.6Jt.86-
266.10
264.63
264.72
264.30
264.57
264% 18.
264.21
269,42.
264.74
264.47

256.16

. 256.33.

256.43
256.71
256.46
256.89
256.46
256.25
255.89
256.42.
255.67
266.19. .
256.16
256.62
256.14
255.62
255.87

. 255.88

256.20
256.62
256.18
256.11
256.28
256,25
256.63
256.52,
256.46
256.47
256.21
2,56.40,
256.73

256.46
256.20
256.59
256.24
256.71
256,58
256.59
256.43
256.48
256.48
256.65
256.53
256.71
256 .71
256.55
256,37.
256.63
256,67
256.92

554788
257.78
257.19

251*12.

256.68
25JL1
257.38
256.96
257.23

?96.9%,

257.19

256>.59.0_

257.23
396*9-6
257.19

251*15.

257.23
257.36
256.88
257.26
257.08
257.20,
256.90
257.37
256.90
256.34
256.42
256",74.
256.68
256.42
256.37
256.85
256.79
296*79.,
256.65
256.32
257.07

255*35.

257.17
296*41,
256.33
256

256.28
296*15
256.18

256*68
256.48

296:51.

244.67
244.q&
244.75
24497
244.74
245...20
244.97
245.1-4
244.78
245.40
244.77
244 .91
244.90

2-44,95. ..

245.07
2-4.4.94
245.06
,244*8.0-.
244.90
24524
244.98
2.44, 85.
244.90
24.4.89
245.17
245.17
245.03
245.Q9
244.94
244.95
245.37

245.14
244 _.as
245.20
244.76,
245.37
244,91..
245.10
245,07
245.13
245,10. ..
245.22
245.14
245.16
245,0.7
245.10

244 9.4,

245.25
244 _87
245.16
145,1.7_.
245.19
245,47,
245 .25
24535,
245.17
245,35,
245.69
245.35
245.61

249..13_

245.36
245.14
245 .56
246*02.
245.48
245%51.
245._47
245«6.5..
245_.22
245.45
245.39
245 .57
245.25
245.38
245.35
245.27
245.18

249 4,6-

245.44
245.31
245.83
245.52

245.73

245.62
245.60

245.62
245.63
245.60

245.55
245.51
245.32

245.41

245.33
249*38
245.34
245*38
245.36
249,72

261 266. 42
261.266.63
260 266.80
262 266.82
263 266.86
-252... 266.63
261 266.42
-262 266.50
264 266.49
262 266.27
261 266.41
.263. 2,66.17
262 267.06
264 266.94
263 266.17
-264 266.33
262 266.43
.261 266.48
263 266.89
261. 267. 06
263 267.07
261 267.06
260 267.19
-261-261,31
261 267.35
261 267.11
260 267.26
-261 .267,30
261 267.46
262 267,42.
262 267.30

277.74
27.F1.9Q
278.63
278.60
278.86
27-1.-52.
276.74
27.6.96
275.82
275.16-
275.87
215*22
278.33
276.53
273.20
273.67
274.08
275.07
275.74
27.6,13
275.82
276.14
275.61
216.06
275.76
215,61
275.49
27.6,54
275.57
275.65
275.72

260 267.33
261 267.67
261 267.57
262 267.53
262 267.39
262 267.74
260 267.28
262 267.60
262 267.21
-262.-.26Z-, ,47-
262 267.54
261 267.53
263 267.46
263.267.11
263 267.07
262... ,267.42
261 267.34
261 267.77
261 267.56

262 2679

16.4_-.267, 67..
261 267.90
263,167,

263 267.83
.26 4 -267, 88,
263 267. 58
264 267. 75
262 267.82 279.01
J6_2_267,.89_ g79+ p-4-
262 267.99 278.91
263 268.11 279,18
262 268.03 278.76
263.265248. 279.34
263 268.27 278.97
260 268.42 27.3.1.22.
262 268.10 278.82
26.2. -2.62j.9Z_ 279-07
261 268.26 278.98
263 268.12 279.05
262 268.40 278.81
261 26.8,%07,. 278.84
262 268.21 279.20
263 268.07 278.88
261 267.74 277.10
262 267.73 276.86
261 267.54 276.23
261 267.87 278*13
262 267.58 277.11
263 267.70. ?26.fr9
262 267.45 276.72
263 267.53 277.22
263 267.05 276.62
262 267,* 12. 277*21,
261 267.36 276.73
262 267.15 277.25
261 267.39 278.57
261 267.38 278 .£6
263 267.25 278.29
26 3.251*51. 275.13
262 267.05 276.53
261 266.71 274.68
262 266.79 275.66
260 266.49 279*44
262 266.87 276.75
252...25U51- 278*57.
263 266.84 277.36
262 266*01. 274*68..

275.51
27.5,65-
275.65
275. Zk-
275.48
27.6,08.
275.69
276.57
276.30
276.35
276.83
277.37
278.11

276.99
276.85
27,7.40
277.70
278.76
278.30

279..01
279.04
278,92
278.82
278,58
278.64
275*35.
278.85
278.67

265.37 256.50
265.67 256.66
265.82 256.67
26.5..69. 256.51
265.96 257.02
265.61. 256.51
264.49 256.10
264.67 256.16
264.28 255.96
263.83 256.67-
264.19 256.07
263.66 2.55.60-
265.63 256.69
.265,00.. 256.48
263.33 255.48
263.61 255.82
263.60 255.69
2-6.4,21 25.6,13
265.08 256.36
264.96 256.49
264.76 256.39
264,91 256,28..
264.87 256.31
265.Q5 256.60
264.97 256.41
264,76 256.22
264.72 256.30
264, 64 256.30
264.74 256.32
2.64,,86. .256.4,3,
264.87 256.26

264, 71 256.26
265. 0B—246,45.
264, 61 256.30
265. 17 256.63
264. 82 256.45
264. 32 246,6.2.
264. 79 256.45
265. 37 256.87
264. 97 256.30
265, 24 256.63
265. 39 256.76
265. 61 256.80
265 87 256.86
265. 46 256.59
264, 93 256.30
2.65. 27 256.65
265. 32 256.43
265, 62 256, ab.
265, 67 256.76
.26.6. 01 256.97
266, 06 257.05
265, 81 256.91

,20 257.04

,86 25-"-Ni-
266. 06 256.95
266. 10 256.97
265, 90 256.89
266, 11 257.03
265. 84 256.72
266. 24 ¢57.tq.i
266. 05 256.98
266. 19257.09
266 10 256.84
2255, 25 257.2.7
266. 22 257.12

20 .25.7 iiL3-

06 257.02

69 255*35.

37 257.19
257.04
257.12
25,6i.35
257.25
257.01
256.60
256.60
256.75
25.5%52...
256.49
3).fej.81..
256.64
257.00
256.51
,256J-7Z-
256.76
256.80
256.88
297.00
256.76
256.40
256.36
256.21
256.24
256.17
256.41
25.7.a02.
256.66
255.99

15
266. 29
255, 16

.57

03
265, 07
265, 08
265, 24

78
265, 21
265. 35
265 ,32
265 m52
265, 09
255* 39
265, 19
265. 26
265, ,64
265,187

49

49
264 59
264 27
264, 51
253, 27
264, 69
255* 62
265. 02

Z6JL 66

_uL_
245.00
-245*1)8-
244.91
244.92
245.19
244. .85-
244.85
244.84
245.04
244._79...
245.13
,2.44.67.,,
245.24
245.15
244.60
244_99-
244.98
245,0.8.
245.12
245.17
244.96
245,06
244.86
245.14
245.06
244,90
244.82
244.87
245.01
245.02
244294

244.85
245,22-
245.01
245,27..
245.14
245,33
245.20
245.48
245.10
245.3?
245.25
2.45,16
245.38
245.02
244_69
245.13
24488
245.36
Z45TiT
245.26
245.29
24,9.06.
245.14
245.03
245.27
245.29
245.23
245.23
245.37
245*32
245.31
245.43
245.14

Bk
.235*52-
245.25
.245%21-
245.58
245.38
245.49
245321
245.81"
245.61
245.20
245.63
245.42
24,9°41.
245.39
249.,73
245738
245.70
245.37
245.49
245.73
245.57
245.66
245.48
245.43
249.49
245.38
245.30
245.27
249.05-
245.43
245,67.
245.69

203*52....



N
23
23
23
23
24
74
24
24
24
24
25
25
<5
25
25
26
26
26
26
26
27
27
27
27
27
28
28

FLIGHT NO

T TIL=2L. 3 TS ALT  T1
13 262 265.97 274.21 263.61 255.89 245.54 <62 266.04
25 261 266.20279.54 264.1? 256.36 245.93 267 2F5.B1
37 262 265.84 274.05 263.68 256.02 245.67 262 265.84
49 267 265.88 274.58 263.76 256.06 245.73 26? ?266.05
0 263 265.93275.46 264.36 256.29 245.73 262 265.70
13 267 266.0?275.48 26U.29 256.27 245.71 262 265.88
25 260 265.97 275.81 264.15 256.12 245.53 263 266.17
35 262 266.24 275. < 264.69 256.39 245.88 261 266.02
47 262 266.18 275.57 264.17 256.23 245.64 263 266.43
59 267 266.67 275.23 264. 43 256.63 246.11 262 266.47
10 261 266.71275.43 263.98 256.24 245.90 262 267.09
23 261 267.11275.65 264. 33 256.41 245.97 262 267.36
35 262 267.58 275.92 264.88 256.88 246.36 262 267.40
47 262 267.65 276.43 264.57 256.66 246.07
59 262 267.98 275.96 265.05 257.07 246.31 263 267.50
in 260 267.88 275.85 264.86 256.8? 246.23 264 268.31
23 262 268.19 274.87 265.07 257.12 246.41 263 268.00
35 267 268.16 275.74 265.07 257.0:1 246.48 260 268.28
47 261 268.18274.77 264.80 257.04 246.42 263 268.33
59 261 268.34 274. 64 264.55 256.90 246.28 263 268.06
10 263 267.92274.64 264.70 256.89 246.33 262 267.78
23 261 267.87 275. 13 264.70 256.86 246.26 262 268.13
35 261 267.87 275.60 265.02 257.09 246.37 263 268.00
46 267 267.91276.00 265.24 267.28 246.34 261 268.00
57 260 267.59 273.84 264.40 256.79 246.13 262 267.69
9 263 267.66 273.94 264.69 257.09 246.50 262 267.63
20 260 267.40273.07 264.30 256.76 246.1b
33 261 267.47 273.71 264.55 256.95 246.40 262 267.43
53 261 267.16 273.58 265.22 257.62 246.63 263 267.07
5 261267.26 273.36 264.52 257.06 246.28 262 266.84
17 263 267.05 272.99 264.14 256.57 246.04 260 266.93
29 260 267.08 273. 03 263.83 256.28 245.9U 2.62. £67. 35
41 260 267.54 273.93 264.20 256.88 246.39 260 267.28
53 267 267.28 273. 45 263.83 256.49 2*5.86 262 267.31
5 26?7 267.58 273.78 264.46 256.83 246.34 261 267.28
17 267 267.27 273. 85 263.95 256.67 24b.24 261 267.35
27 263 267.55273.71 264.55 256.94 246.45 261 266.94
39 263 267.15273. 55 263.97 256.57 246.21 261 J262.»E&.
51 262 267.83274.50 264.85 257.13 246.73 261 267.81
3 261267.98 274.79 264.85 257.3? 246.65 260 268.15
15 263 267.94 274.49 265.16 257.59246.81 260 268.07
27 264268.11 274. 46-264.69 257.33 246.75_261.268.03
39 263 267.93274.37 264.95 257.45 246.94 262 267.30
61 263 267.93 274. 50 265. 12 257.63 247.07 26JL 2°776.4.
3 263 267.66 274. 17 264. 86 257.44 246.81 261 267.89
19 267 268.03 274.44 264.94 257.33 246.77 261 2F8.15
27 261 268.12274.74 265.34 257.72 247.10 263 268.20
3g 264 . fl4 274 75 265.38 257.91 247.10 261 268.27
51 261 267.78274.62 264.95 257.59 246.76 261 268.03
3_761267.89274.66 265. 55 257.79 247.03_261 267.63
15 267 267.80275.22 265.28 257.92 247.20 262 268.10
27 263 267.96274. 94 265.63 258.06 247.22 262 267.87
37 261 267.58274.66 265.19 257.84 246.89 261 267.82
49 261 267.49274. 52 265.49 257.99 247.28 261 267.49
0 261 267.57 274.95 265.18 257.86 247.21 261 267.82
13 261 267.68275. 01 265.54 257.88 247.20_263 267.91
25 264 267.86 274.96 265.67 258.23 247.41 260 267.86
37 264 267.76 274.86 265.20 257.80 247.12 262 267.70
49 261 268.24 275.69 266.07 258.35 247.67 261 268.05
0 261 267.83275.50 265.68 258.14 247.34 261 268.33
13 263 268.30275.60 266.11 258.55 247.63 263 263.42
25 263 268.42 276.11 266.24 258.37 247.59 263 268.43
37 261 268.44 276.07 266.29 258.58 247.38 262 268.96
49 260 269.87 280.25 268,35 259.44 247.8U 262 269.77
0 260 269.70280.19 268.09 259.29 247.82 261 269.74
13 267 269.43280.16 268.10 259.33 247.95 262 269.29
25 261 268.59 278.45 267.11 258.86 247.61 264 268.65
37 267 268.29276.32 266. 51 258.53 247.62 264 268,38
47 260 268.21276.54 266.48 258.60 247.66 265 268.54
59 267 268.41276.85 266.67 258.88 247.84 263 268.54
10 261 268.61276.69 266.63 258.69 247.75 262 268.43
23 261 268.67 276.69 266.62 258.87 247.85 267 268,79
35 261 268.84276.91 267.17 259.06 248.09 262 268.49
47 261 269.37 279.71 267.99 259.47 247.96 261 269.28
59 261 269.54 279.36 268.24 259.77 248.23 263 269.19
10 267 269.38279. 57 268.17 259.69 247.96 262 269.47
23 261 269.62279.87 268.61 259.84 248.10 263 269.59
35 251 269.45278.79 267.94 259.41 248.01 262 269.63
47 261 269.77 279.44 268.16 259.54 248.15 262 269.70
59 260 269.73278.16 267. 68 259.34 248.06 261 269.83
10 262 269.78 278.94 267.88 259.60 248.34 262 270.02
23 267 270.30280.C0 268.70 259.89 248.29 263 270.04
35 261 270.05279.87 268.12 259.67 248.04 261 270.15
47 264 270.60 280.47 263.86 260.16 243.41 261 270.37
59 263 270.47 280.24 268.65 259.97 248.52 261 270.29
8 26?7 270.76 280.20 263.49 259.91 248.14 262 270.87
20 262 271.00280. 88 269. 31 260.32 248.66 261 270.75
33 263 270.41279.87 268.56 259.92 248.34 262 270.48
45 261 271.07 280.54 269.01 260.27 248.51 261 270.60
57 263 270.81280.51 268.36 260.02 2*8.20 261 271.05
8 267 270.99 280.77 268.91 260.12 248.34 261 271.01
20 263271.12 280.73 268.92 260.21 248.39 262 271.28
33 262 271.38280.85 269.14 260.41 248.55 261 271.14
45 263 270.93 280.76 268.47 259.53 247.73 261 271.32
57 263 270.93 280.33 268.68 259.73 247.86 262 270.82
9 260271.10 280.06 268.55 259.90 248.32 261 271.12
20 260270.79 280.13 268.56 259.68 248.12 262 270.94
33 260271 .18 280.36 268.78 260.13 248.36 262 271.08
45 261 271.30280.64 269.00 260.33 248.57 262 271.17
97 259 271.12280.28 268.93 260.18 248.45 261 271.27
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U

[|E—— L5-———— 411

274.78 264.06
274. Q4 263.79
274.07 264.08
275.53 264.28
275.42 263.94
275.14 263.87?
276.04 264 .25
275.29 263.84
276.14 264.63
<75.1b 263.99
275.50 264 .45
275.35264.63
276.08 264.62
264 .267.02..275,68 265.05
<75.34 264.34
<77. 55 265.43
274.76 264.52
277. 15 265.78
<74.53 264.78
<74.77 264.76
<74.75 264 .45
<74.88 265.07
276.51 265.34
Z75. 53 264 .95
274.17 264 .65
273.78 264.13
262 267.74 273.97 264.60
273.80 264 .35
<73.00 264.89

264.21

273.03 264.20
273.44 264.15
273.73 263.92
273.51264.08
273.59 264.10
<73.42 264.22
273.14 263.74
L£7_1«X9_JE.64-«_33
274.32 264.65
274.73 264.75_

274.31

264.80

274.32 265.02
274 .25 265.04
-273.99 264.97
274.62 265.06
274.71 265.60
275.30 265.52
274. 87 265.57
274.72 265.47
274 .65 265« (.8
275.25 265.76
275. 06 265.59
<75.09 265.73
274,88 265.35
<75.37 265.54
£75,26 265.61
274 .82 265.42

275.12
<76.21
275. 70
275.80
275. 84
277.60
280.08
280.37
279.62

265.57
265.90
266.07
266.12
266.05
266.91
268.11
268.29
267.66

278.46 267.18
<76.,£2 266.71
276.92 266.76
276.85 266.92
276.50 266.52
276.61 266.3C
276.67 266.49
279.82 267.94
279.47 267.75
279. 72 268.37
<79.97 267.98
<73.74 268.43
278.76 267.96
278.93 268.03
279.61 268.23
<79.55 268.21
279.50 268.39
<79.89 268.39
<79.53 268.36
280.74 269.04
<80.43 268.60
<79.76 268.72
<80.11 268.56
<80.73 268,93
280.59 268.89
<80.80 269.26
<83.59 268.84
280.59 268,93
<80.02 268.25
280.46 268.64
280.13 268.72
283.62 269.11
<80.51 268.97
280.53 268.96

256.31245.74 261
256.15 245.4.1__ 267
256.28 245.78 263
256.4Q 245".7-8__262
255.99 245.55 261
255.90 245.71__ 263.
256.34 245.86 262
255.97 245.30__ 262
256.56 245.91 260
256.23 245.76__26Q
256.58 246.09 260
256.59 246.Q3__262
256.62 246.01 263
256.38 246.12---260
256.62245.79 262
257.23 246.3.3__261
256.87 246.32 261
257.23 246.13__261.
257.11246.42 262
256.85 246.27__ 261
256.87 246.13 261
257.07 246.45__262
257.41 246.48 261
257.13 246.42__261
256.39 246.51 261
256.67 246.23

267.75
267.92
.268.0.4
267.94
253....01
268.01
267.73
268.19
267.78
267.82
262-.7S
267.40

275.70
274.24
273.79
275.49
275.60
275..4Q
275.83
276i-23
275.94
275t97
275.34
275t4.3
275.74
275MN-
275.45
276.62
275.01
275.91*
274.75
274.26
275.09
274.97
276.45
274.35
273.63

261 267.76 274.03

257.00 246.74 261 267.46 273.77
256.36 246,3.0----261 266.83 272.91

257.36 246.20 261
256.66 245.98 261
256.60 246.00 260

256.72 246.04__ 261
256.39 246.03 260

266.93
267.18
266.91

267.30

267.21

273.08
272.86
272.85
273.64
273.85

256.56 246.11 261 267.27 273.60

256.61 246.20

261 267.07 273.32

256.38 246...3 0----261 26Z. 31 273.74

256.42 245.89 261
256.31 24.6.3-8__ 261
257.04 246.53 261
257.41 246"8-8—— 262
257.18 246.67 262
257.45 246.81---261
257.61246.88 261
257 .38 ZK6"Zit—267
257.55 246.92

267.30
267.46
267.93

267.86

268.33

268. 04
267.92

273.86
274.09
274.72
274725
274.50
274.48
274.28

267.82 274.49

257.38 247 .13— 2£11—268.02

257.88 247.16 263
258.00 247.3)---267
257.90247.11 262
257 .56. 246.9-3— 261
258.03 247.46 262
257,96 247.15__ 262
258.40 247 .54 262
257.56 247 .23__ 263
258.17 247.60 262

25&..Q7 247...31— 263 .

258.03 247.34 262
258.08 247.28__ 263
258.34 247.43 263
258.40 247.69__ 262
258.43 247.61 262
258.46 247 .~3___261

258.37 247.80 261
259.23247.77 263
259.47 247.90 261
259.22 247.57 261
259.07 247.68 260
259 .69 247,67__ 262

258.92 247.88 7 261
258.98 247.92 260
258.57 247.70 263
259.32 247.91__26?
258.58 247.87 261
259.38 248.18__ 267
259.31247.97 261
259.77 248.07__260
259.48 248.03 263
259.63 248.2Q__ 761
259.50 248.11 262
259.46 246.16— 261
259.33 248.46 262
259.59 248.12__ 261
259.71248.11 261
259.71248.14__ 263
259.74 248.23 261
260.27 248.51__ 261

259.87 248.05 262
260.04 248.35 261
259.77 247.96 262

260.24 248.34__ 261

260.37 248.32 263
260,29 248,45 261
260.34 248.31 262

260. Q3 248.32__ 264
259.62 248.23 263
259.96 248.27__ 26Q
260.02 248.38 263
260.23 248.52__ 264
260.16 248.49 264
260.31 248.62__ 262

268.09
268.09
268.00
268.16
267.91
266.21
267.47
267.65
267.75
267.13
268.33
266.04
268.31
269>26
268.66
26.8.t..63
269.56
269.99
269.43
269.34
268.25
266.43
268.56
268.43
268.50
266. 56
268.93
269.24
269.71
265,37
269.66
269.63
269.56
269.8Q
270.07
27Q.14
270.30
27Q..53
270.43
A71Li-ii3
270.77
270.42
270.81
271.Q6
271.10
271.16
271.05
27(...8.4
271.15
270.87
270.70
271.Q8
271.06
.273L.-62

261 268. 15 274. 59

274.90
274.95
274.96
274.66
275.31
275.31
275.34
274.82
274..80
275.37
275. 11.
275.53
£75.2.8
276.18
275.62
276.04
276..25
279.60
280.58
280.11
279.67
277.44
276.94
276.51
276.73
276.38
276.33
277.62
279.36
279.77
279.72
279.67
279,62
278.42
278162,
279.99
279.74
280.01
280.03
279.88
26Q.15
280.45
279.89
280.47
~26F1t-2-3
280.89
280_, 84
280.55
26Q.32
280.38
279.85.
280.04
26Q.53
280.44
26Q.Q4

1S
256.23 245.72
256.14 245.77
255.88 245.47
256.25 24S..62-
256.34 245.65
256.17 245.76.
255.98 245.46
256«61 245191,
256.44 245.90
256*69 246»1fl
256.40 245.87
256.49 245*96
256.84 246.16
256.49 246.Q2
256.96 246.23
256.99 245.95
256.61 246.04
257. (fl 246.21.
256.72 246.06
256%.7Q 246.22
257.26 246.50
256.96 246.25
257.27 246.30
257.09 246.41
256.76 246.30
257.10 246.6.4.
256.83 246.52
265.63 25J.89 248.10
264.40 256.99 246.10
264.33 256.64 246.14
263.67 256.20 245.73
263.83 256.47 245.97
264.19 256.47 246.22
263.93 256.367245..91L
264.15 256.52 246.12
263.98 256.67 246.22.
264.44 256.75 246.43
264.39 256.86 246.48
265.07 257.34 246.74
264.73257.17 246.14.
265.36 257.66 247.07
265.24 25J.64 246.9ft
264.90 257.48 246.83
265.08 257.63246.97
265.52 257.81 246.98
265.27 257.63 246.99
265.74 257.91 247.11
265.74 258.08 247.38
265.39 257.81247.01
265.97 258.34 247.49.
265.56 258.04 247.47
265,96 258,14 ?47J4g_
265.39 257.99 247.31
265.6.3 256.14 ?47.39
265.69 258.25 247.64
265%61 256. 11 24Z..k5_
266.09 258.42 247.74
.265,8? 258,31 247j183_
266.33 258.60 247.77
2661Q1 259#34 247€M
266.40 258.74 247.79
-2-66. 49 256.6Q ,242.i.22_
267.79 259.23 247.71
268.42 259.74 248.01
268.03 259.17 247.68
267.82 259*4224.7,91.
266.77 258.78 247.50
266.64 256.€77 247 .6Q
266.58 258.76 247.66
266,63 258,86 247.76
266.83 258.67 247.73
266.33.258,67 247.66
267.26 259.19 248.14
267.64 259.19 247.69-
268.17 259.65 248.23
266.07 259.46 247.69.
268.25 259.77 248.31
266.23 259.51 248.Q7
267.37 259.15 247.93
,267.87 259.64 246.13
268.19 259.70 248.13
268.47 259.74 248.16
268.15 259.66 248.12
268.82 26Q.Q5 248.54
268.52 259.88 248.17
26B.51 .259.79 248.Q3
268.91 -260.15 248.28
268.22 259.65 248.13
268.90 260.09 248.31
268.66 ~259.99 248..26..
268.91 260.20 248.53
268.85 26Qt31 248"4.3..
268.82 259.76 247.84
266.49 259154 247186
268.84 260.03 248.55
268.56 259.91 246.16
268.61 259.88 248.11
268.89 26Q.Q9 248..35-
269.02 260.31 248.54
.268.63 26Q.Q2 248.3Q

264.18
264.28
264.2.5
263.99
264«49
264.14
264.57
264.34
264«1Q
264.86

264.33
264.92
265.26
264.50
265.15
264.30
264.45
265.17
264.71
265.20
264.74
264.39
264.74
264.47



FLIGHT NO 7 6/ 12/ 70
-HR rN SC__ fill 111 —3-. Lk, _U5— Jj% ull -_U_ diL. L5 ALT Jl. T2 13 _L4_ L5
267 27t:43 280 42 268.75 260.12 248.45 . '93 280.U8 268.88 260.13 248.51 262 270.62 279.84 268.72 259.99 248.32
26.0 2Z)Lrtfi_._279.60 _266,5.3- 2.68.42 259.74 248.26
261 270.14 279.45 263: 49,'2553:59 248.2 262 270.28 279.63 268.26 259.72 248.42 262 269.69 278.81 267.78 259.19 247.88
L-Z7-Li 5a 267,0a 25a,6. 7 2kZ,A3 —262 .262,29-27.6 511_2.66,72 2J57.71-242*115 _ 263 268. 47 277.77 266.80 258.58 247.90
21 45 55 261 268.10 277.21 266.62 258143 247.50" 262 267.82 276.91 266.33 258.25 247.40 262 267.15 276.61 265.78 257.71 247.11
23 kn 7 262 267.15 27.5,6* .265,a5- 2J52.a2..2.4.Z.21— 7?63 ?17»94 P77.35 P66.7Q 7?5ft.45 P47.56 .262. 268.15 277.59 267.22 258.61 247.74
—2T46719" 261 267.97 277.70 266.71 258.24 247.34 263 267.59 277.39 266.64 258.37 247.34 263 265.73 275.35 264.64 256.92 246.77
21 46 31 2.61-266,9.4-276,2.2-2.fc5.a.4,25Z,7 3 .247.2.1. .262. 267,12 276,93. 263,9b. 25.7 .77. 2.47"12, w262 267.57.277,62 266,52 2303,3-6-247,49
21 46 43 267 267.99 273.19 266.87 258.61 247.61 263 269.07 280,16 263.26 259.54 248.28 261 263.44 279.36 267.48 258.99 247.70
.21 Jb.. 355 26.1..21£,&1.279,Z a.119,2.9 .152,42..1*£,a.5... -262 268.. 24_27.9.15.16.7151—256,36-247., 74- 262-265,11 275.19 264.43 256.64 246.41
21 47 7 260 260.89 269.60 259.96 253.32 244.69 262 259.23 267.92 258.24 252.36 244.48 262 253.63 266.46 257.96 251.84 244.34
21 47 19 26.2-252.64 .165,2.2.157,15-251.91-144,5.5. 262 259,-0-26Z-,21..231,.4£L 2,52,19- 24401- .263 259.41 268.18 258.66 252.50 244.75
21 47 317 262 261.34 270.76 260.75 253.33 245.46 263 262.23 272.90 252.33 255.41 246.38 263 264.02 273.48 263.03 256.04 246.58
-21 47 43 2.62_26iL.5.8.227-.82_266"114--252.23_.247..24  .262 266,51 2.76,-63-.2.66.J.8 250jlf.. 247, 5Z_ .262_265,35-27-5-,62 264,81 257.19 247.10
21 47 55260 266.98 277.41265.99 258.20 247.51 262 268.66 280.08 268.62 259.32 248.56 262 267.89 279.48 267.61 259.02 247.90
21 48 1262 267.44 273.9.9.267.26.258,32 247.91 261 257,84.27.9,73 267.76 25.9,29. .248,1Z_ —260—26Z, 58 278,94-2.67 .39 .268.J7L.242,93 .
21 48 19267 268.03 279.86268.14 259.51 248.06 263 267.81 273.88 267.56 259.14 248.00 263 265.92 276.25 265.35 257.46 247.21
.261-262,18..171,79.261"6..23.4,44_245,J_3_ -263.26.4.42 274.85 263.77 256.20 246.71
21 43 41261 266.23 277.66266.29 258.08 247.53 261 267,35 279.25 267.35 258.93 248.15 264 267.77 280.17 268.03 259.37 248.30
L _26.7,64.279, 71.267,5 9. 259,1.6.248 ,17 263 268,09 280.11 268.05..259,39. 248,6.6 _2.61..2c17,90 290,02 268,10 259.53 248.37__
21 49 262 267.95 280.33 26*. 17 259.*7 248.55 263 267.74 283.21 267.99 259.t0 248.36 261 267.57 279.09 267.37 259.24 248.23
-21 49. 2.6a -667..5.7.279. 45 267. 35 259.02248,10 261- 2.67.82 283.75 268, 0.6. 269,61 2.43,52_. -26iL-263.1Lfl..2.8 Q.,23 266,22- 259.68 248.35
21 49 $5_ 263 268.10 279.79 268.14 259.74 248.62 263 268.29 279.28 267.98 259.68 248.72 262 268.39 278.98 267.99 259.68 248.64
21-42.41__ 262 2.6.826 2-72,66.26Lt-61-2-69-,66-.298,46.. .,?62. 268,24 27J,65. 263,19.255;26_2.46J15.5.__26.2—26.8tJ}2_-2f15,112...268.03 259.53 248.37
53 267 268.03 280.35 268.31 259.66 248.60 263 268.23 260.42 268.66 259.91 248.50 261 268.14 28U.23 268.25 259.78 248.59
E7-2.30,11 263,65-259,71_2.4iL,5.1 262.26.8,00 279,5.8 267,95 259,45 24.8,39 261 267, 95. 228 ,47 _26Z,66 259,33 248,40___
21 50 17 261 268.06 273.71 267.64 259.41 248.48 261 267.92 278.24 267.41* 259.06 248.34 261 267.44 277.81 266.75 258.64 247.88
-21 .52 29 26* 26&,6Z.27.Z,16-26.6.20. 258..32 247.89 261 256.21 275,54 265,79 257,39 247,61 260_266,45.-276,88.265,96 258.22 247.71
21 50 41 263 268.06 273.69 267.77 259.44 248.60 262 268.32 279.11 267.71 259.36 248.39 261 268.87 279.98 268.58 259.94 248.81
-2.1 .50 53_ 261 269,0.4 28.1,15_ 26ilLuia_£60L.112.48 ,63... -262. 26S, 04 281, 23—269,0JL.260 ,31_2430.6— 262 268.41 280.12 268.49 259.91 248.7t
21 51 4263 267.68 277.96 266.89 259.23 248.68 261 267.50 277.69 266.44 258.72 248.36 261 267.30 277.97 266.86 259.08 248.67
21 51 172.61 26.6,12. 275,51.265,20 .252,8.5 248, 1.7 262. 265.66 <74, 49 264 ,68. 257 .52-247,92. 262 26.7, Q2L-27.7+1.7 266, 2£L 254,44-244,32. ...
21 51 29263 266.70 275.75 265.96 258.31 248.36 262 266.69 275.38 265.67 258.39 248.43 262 263.48 278.97 267.92 259.68 248.79
.21. .51 41263.268,56.-27-9,29-268-,06 _25£,62 24.3.69  260.-266.92 276.16 266,11 258,5.7—2.40,36. 261 .265,89.273.47 264,57 257,78.244,49- _
24 51 261 265.79 272.70 264.39 257.b2 248.13 261 266.55 274.21 265.22 258.23 248.49 262" 266.57 274.90 265.38 258.26 248.23
2t 3 262 266,99..27.5,13.265,2/..25IL,48 2.43.63 260 266,45 274 _Jul .265,26.. 251U27—24.6,3.6.— -26J—246,41__274,45-2h.5u.Jil 258.36 248.47__
21 52 715 261 266.41 273.95 265.03 258.03 2t8.28 260 267.08 275.46 265.84 258.47 248.40 260 267.19 276.74 266.01 258.69 248.48
21 5227 261-26.7,2?..277,1126.5,57 25.9.03 248.55 260 266.84 276.11 265,92 258,15 2.48,25 _ 262_267,69- 278 ,29 267,30- 259, 34-248,40___
21 52 39 26° 267.96 279.39 267.21 259.16 248.62 261 268.94 279.97 268.81 260.23 249.18 262 263.93 280.18 268.33 259.91 248.77
-21 5231 262269 ,51.261,15-2.69,13. 262,51249.09 261 269.49 280.94.2u9.,116.264,36.248,96 ~ 262—269,411- 2i51,51 249,53 264,62 249,21— .
21 53 3 263 257.96 279.83 267.65 250.49 248.71 262 267.46 277.28 266.73 259.27 248.71 263 266.83 277.13 266.37 258.88 248.46
21 53 15 263 266,84 276.73- 2,35 16 258,412.43,82 . -263 265.99 .275,26 26-4.79-256,19 .246,33- -261. 265,35_22-2,75-264.37 u25.7.5.6 246,63
21 53 27 26-* 265.12 272.31 263! 257.1? 247.87 260 265.11 272.92 263.78 257.15 247.98 262 264.48 274.16 263.93 256.83 247.30
21 53—39A2.62.254.5.8.27.4,9.1262,45. 256,6.7 247.06 261 264.31 274,65 264, 0.2. 256,15.24.7,31 .. 269. 265.01 273,67 263.95 256.97 247.80___
21 53 51 264 265.80 276.28 265.97 258.29 248.31 261 265.17 274.59 264.46 257.41 248.00 264 265.83 276.96 265.83 258.36 248.19
gl 54 _3_ 262 2.6.6,75- 223, £2 267,0-259,33 248,38. 261 2.66*55. 278,42 .267+27 .259,20 241,63 . 262.265,14-224,55 264,12-24Z,9.6-24? ,FI1__
1.5 263 265.32 275. 46 265. 51 258.15 248.14 261 265.14 276.82 265.75 258.27 247.98 262 263.88 273.47 264.20 257.31 247.67
-21...54 27__ 263—26J3,94 ..261,0-26117.6...254,912.46,72 261. 2.60,54—263,15 263,35..254,4.1 246,44..—253..269, 93 2.65,41._244,.56-244,41 2.46,93____
21 54 39 261 261.99 272.11 262.76 256.13 246.85 262 260.30 <68.99 260.13 254.35246.31 261 260.25 271.47 261.35 254.75 245.84
21 54 51__ 262.25.8,43.246,25-254,95_25.3,16244,99 262255.28 <62,56 .255,12.254,12. 241,26.._262.255,29 264,27 .255,55 250.35 243.43 __
21 55 0 261 254.47 264.77 255.26 249.96 243.14 ;62 255.61 267.38257.02 251.22 244.00 263 255.34 265.56 255.85 250.78 243.76
21 55 13 ?67_254.02 261,212.54,07_249.31.242,8.1 261 252.62 -259,12 2.52,31 247, 32 .2.42,15 261 252.32 259,26 252.03 247.59 241.95
21 55 25 7?67 253.71262.73 263.~0 248.74 242.48 262 255.68 267.16 250,79 250.95 243.75 262 256.32 268.90 258.09 251.71 243.87
21 55 37 26?7 256.73269.99 253.20_251.91 244.19 262 257.13 .268,47 25.8,65. 252.3t 244.62 262 257.87 270.33 259.62 253.00 244.99
21 55 49267 257.89 269.45 259.06 252.0t 244.77 263 258.94 279.98 260.11 253.67 245.64 261 259.03 271.50 260.39 253.87 245.51
21 56 0267 260.35 274.21 262.46 255.49 246.41 261 261.2627.6,2.4 2 b3,76 256.41 246.95 262260.52 272.30 262.15 255.43 246.67
21 56 4261 259131 269111 259:33 253193 2t6.i1l1 263  250.64 27$.2t 260.76 254.58 246.40 269 258.33 268.42 259~.17 253.84 245.91
21 56 17261 260 .it 272.28 261.94 255,57_2.46.73 261 259.76 272.21 261.64 255.1** 246.tl__260 259.J6 2_70.82 260.74 254.73 246.59
21 56 29 261 259.45272.14 261.63 254.93246.46 263  259.61272.13 261.49 255.96 246.63 261259.51 270.53 260.75 254.78 246.67
?1 56 45 _ 2.6f 250 33271. 67 261. 7? 255.5924 7* 2.5 . 263 260.33273.36 262.76 256.20 247.50__ 262 261. 00 274.61 263.46 256.62 247.37
21 56 57 26L 259.25 268.63 260.40 254.79 247.07 263 257.87 26t. 4b 2i>8.08 253.13 246.22 261 257.92 265. 08 258.16 253.26 246.43
21 57 19 262 £57.44 262.19 256.59 252.31 246.06 26"3 257.85 262.81 257.47 252.35 246.27 262 257.76 262.75 257.00 252.64 246.05
21 57 31 263 258.44 264.02 258.21 253.39 246.62 263 258.24 263.92 257.85 253.20 246.43 261 257.75 262.41 257.02 252.67 246.25
21 57 43 26* 257.50 261,87 256.89 252.53 246". 16 263 257.37 261.67 256.67 252.46 246.24 262 256.74 260.73 255.89 251.75 245.79
21 57 55 261 256.87 260.85 256.41 252.02 246.15 262 256.47 263.85 255.90 251,72, 245.94 262 256.25 260 .37 255.71 251.63 245.62
21 58 7 267 255.99 263.19 255.63 251.43 245.66 263 256.07 260.44 256.03 251.55 245.80 261 256.39 260.80 255.83 251.47 245.71
LL  -19- ?bl_156,51.. 263.97 .216, 35 -251,95. 2.46%11—261...256.231 .16 1,4.5. 266 .66-261"2-241"2, 262 256.63 261.46 256.19 252.10
21 58 26?7 255.84 261.34 ?55.38 251.42 245.63 263 255.59 259.37 25t.94 251.13 245.41 261 255. 81 260.56 255.04 251.28 21*5.47
21 58 262 256.15 260,84 255.54 251.53 245.73 265 255.71 260. 07 255.26 25.1.21-1457"64. -262 255.47 259.76 254.75 250,88 245*30
_2% 55 7267 256.39 261.67 256.20251.96 245.99 262 256.89 262.03 256.80 252.40 246.01 261 256.85 262.36 256.58 252.25 245.90
21 59 7 26? 256.0* 261, 88_.255,5.0 .251,21.145,51 .261 255,19 .259*76...25.4*10 .250,7.1.2.45,1.7. _161 5 5 1 g34. 2o 46-15.2,5.8-149.37 244,31
21 59 19 26? 254.79 259.14 253.82250.32 245.22 263 255.11 259.32 254.51 250.69 245.06 261 254.92°259.40 254111 250.48 24511
21 59 31_ 263 1.54 J?44,1a.. j26.3. 254 12 2. 58 a|L25J iLt 2.5£.,JE "46 |3 231 .25.5,
21 59 41 263 254.90 253.92 254.24 25P.67 245.34 264 25 _55250.16 24 262 '255.27 259.19 254.53 250.75 245.36
21 59 53 _262. 255.87 260, 15 254 .96 251.15 245.6.0, 261 256.86 261.55 2756.12 251,97 246,0777 263 256.97 261.83 256.23 252.18 246.01
5 267" 257.49 262.73* 256. 34 252.53 246.4) 263 257.52 262.t3 256.84252.44 246.33 262 257.09 261.69 256.34 252.05 246.08
17_ 261 256.52_260.. 64. 266.71 251,56 245.70 262 256.17 259.96 255.00251.22 245.57 262 255.85 259.61 254.93 251.15 245.76
22 n29 262 255.90 259.73 254.94 250.91245.43 262 256.47 260.82 255.71251.64 246.04 264 256.55 260.66 255.47 251.55 245.84
22 040 26?7 256.81 261.19 255.62 251.71246..09_ 262 256.58 .261.29 255.98 251.78 245.82 263 256.29 260.67 255.40 251.55 245.82
22 053 261 256.01 260.1? 255.15 251.16 2t5.51 262 256.73 262. 55 256.15251.90 245. 88 263 256.64 263.02 256.26 251.85 245.88
22 14 76i 2.56.91 263_.4? 256.48. 252.11246. 0.4_ 261 257.46 263.48 256,94 252.51 246_. 16 262 257. 16 262.48 256.07 252.03 246.02
22 117 262 256.67 260. ¢c'6 255. 82 251 .62245.96 261 255.85 260.46 254.7125C.95 245.38 263 256.37 261.21 255.26 251.25 245.70
2?2 129 261_256,58.JJa2.J5 255.96 251.89245,81 261 256.09 261.56 255.56251.19 245.41 264 256,0H 261.83 255.35 251.30 245.49
22 141 267 256.11 261.88 256.75 251.59 ?45.6u 261 257.21 263.04 256.0° 251.77 245.79 451 262.02 274.40 268.69 265.11 260.25
22 523 457 262.94 276. 99 271.08 266 .3.0260,69 -462 . 259, a Ll .£6.7«55 26 4, 8) ?32j12 259,74 _,4363...260,°73_ £.6a.. |ft,iMt.3.1.76.3.1 26Q ,24
22 575 478 262.48 273.29 268.86 265.73251.61 481 " 262.45 273.52 26950 266.13 261.82 486 260.527268.85 266.38 264.06 260.61
22 547 489 259.92 267. 48 265. 00 263.17 250.10 504 258.92 264.93 263.18261.90 259, 51 512 260.59 268.49 gfe5.94 263.95 260.83
22 62 515 263.65274.29 270.05 267.25262.76 517 266.87 279.35 275.07 271.17 265.11 523 266.62 279.04 274.27 270.64 265.03
__615 524 267.72279.78 275,35 271,35265,93 5*4 268,1.2. .280,15 .176.3.3 272.217232j| M T—= — 279191 276”30 272.26 266.56
22 6 27 537 268.58 279.90 276.55 272.79 266.79 546 268.75 283.30 276.96 272.97 267.26 543 269.16 280.68 277.50 273.56 267.70
12 L_J2__551. 263,19.2-8),,Z5 .55.7.171. g H . 1 ZAX76..124.67 263tai51.4,”1. Q5 280.65 176.12 21.4,Q5 266.32
22 651 565 271.90 287.71 279.12 275.06269.70 577 270.82 280.55 278.62 274.69 269.01 579 272. 65 283.96 279.59 275.74 270.66
22 7 3 58* 271,81 281.1* 279.04.275,40.2.69".9.5 _590 27J.45 284.01.17.9.60 275794 271.19 596 273.91 .181,99_18..0,Q1 17-6,19.271.59-
22 715 603 274.14 234. 15 23(1. 11 276.75271.99 608 274.21 283.84 280.09 276.87 272.09 615 274. 46 284.04 280.38 277.04 272.51
22 727 62?2 274.21 283.51 280.31 277.25272.49 .6.28. 274,41-283,8.8-2.10.,35.-27.7,35.-2.71,13- 161.2-175.: 13. 283,11.-1111,75- Z| Li13. 27 3.31-
22 *9 646 275.21 283. 28 280.72 278.16 273,34 655 276.31 283.66 231.60 279.32 274.65 663 275.06 280.36 280.86 278.49 274.06
51 669 276.68 283.*? 281.81 279.45 275.28 _678 275,41 280,
_442_ 7 69* 277.25 282.94 782.10 280.08 276.34 701 277.23 282.47 282.00 280.39 276.72 707 277.71 283.15 282.20 280.43 276.95
12 17 711 276.90 279.87 281.64 280.06 27.6,32._ .715 277.98 283.06_ 282.46 280.7G 277.48 726 276.A8-17_9°.9.18JU_81_280.15 276.63

67




HR HN 9%, AT
22 29 737 278.24 282.47 282.28 280.71 277.62
22 Z31i—-277,62 279.4,2°282.. rjg 280*i-6> .2/7.55
22 8 53 765 279.29 282.31 283.04 281.65 279.04
22 3__bu 712 278.09 27Z5L52 2.82.*50.-2M *45-278
22 9 17 769 278.96 281.89 282.55 281.45 278.99
-22 0, 9 wzz5-gZF1*94_2AJ,12. .212,95-281%59 279.10
767 278.51 280.61 282.17 281.15 278.40
83.95 282. 70 281.45 279.19
22 10 5 773 279.73 283.74 282.87 281.71 279.57
I% 751.282¢2C _2J.4,4XJ82,25-21-1~. 2JL,8JL.
1 — 771 280.48 285.57 283.30 282.23 230.27
--24, -13_0_ 278 279.61 264.50 282.83 2.31*3-2-27/44.
22 11 11 771 280.57 285.28 283.29 282.29 280.29
-44 U 23_ 771 47-4, P.7_4.41iLN-444i4-Z-481x5.1-27.9,13 _ 77 5 £ g£UZE . (Abs3| —414. 24
22 11 35 770 230.21 284.30 283.04 282.02 230.30
-42 11 47  724..2219.°44-441, 44 4.82, 37 4-61,1i_474, .34
22 11 59 769 279.44 281.35 231.94 281.53 279.74
,42 12, 1Q 1773 27.9, Q3, .244., 14 230,91. 23.tl.54 .474,14.
770 279.3P 280. 71 281.42 281.04 279.64
L_L7_9,M-23.X, JLILSH ,J14_43 0.74.473. bb
22 12 47 770 230.67 283.40 281.80 281.42 233.40
2? 1?7 59 . 771 479.,64_44JL"44_43J1j1J3.4._4M,.66_479.33..
22 13 11 777 279.48 283.41 281.09 280.74 279.60
-44...13 23 -721. 479.61.4.31,£4 ,481.29 2flQ .3-4-429,6.0.
22 13 35 766 279.77 281.13 281.63 281 .15 279.72
22 13 47 , 770 .2.79 ,36-.21-1,2°--.26iL,5.4-.2.8_(U4 147.1.4.6
22 13 59 769 279.57 283.280,94 23P.75 279.53
.22 14 10 —721-474,67—A481,19-431.XLfi._260,9.5.42.9.. 71 .
22 14 20 767 279.36 283.97 281.10 280.30 279.59
22 |b .33 -26.Z—429..J55—41, 4 5—.20U0.«ll1-.4J11i .16.47-5,69
22 14 45 770 279.89 283.23 23?7.30 281.79 279.94

_2-2 3052 -7z1.

22
-42
22
_a4

22
22

22
_22

22

22.
22

22
22

22
22
22
22
22

22

2.2.

22
22

22

22_:

22
22
22
2
22

22—

22
2?

2

22

15 33

B-H

15 3
16 20
15.13

2? 49
23 n
23 13
?? 26
23 37
P? 49
23 59
24 10
14 23

_£4 22

24 47
24
25 11

_25_23_

25 35
?5 47

25 59

26 23
26 35

26 59
27

27 45
27 57
28 20

28 45

_28_.52

29
29 20

37 29
27_41

33 47
38 59
39

39 2.1,

39 33
1. <tS
39 57
40

in 2

40 45

2.2-AJL 5.7

22

41

27.9 ,47 .2..81*_15_£.8£5.8 1.82,0 4-230 .6 0
770 279.68 281.K2 231.20 281.13 279.5b
-759 24.0.,44_48J* S4,,48.2,26. 282,49 230,2.7
771 279.797283.89 283.13 232.39 230.G6
-JLZ4_2.79»41_4SI1,5]. . .484juZ5.484 ,49 _2180,0.4.
771 279.69 283.°? ?8°7.Q3 262.25 230.03
.Zb5. 4.30.,0.3 28.4, 64 ,451j143...482+77. .4.30. 31
770 279.99 284.P8 283.03 282.46 230.

-Z53-414,57. 48i»"14-481,47_232,64.- 43.0.8 7.
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739 277.35 279.70 282.08 280.73 277.21
752, 7za*iiEL-cfi2*2Ja 233.1k 281.30 278.56
771 278.38 279.69 282.59 281.53 278.52
773_271*33 279.63 282.32 281.32 278.48
771 279.39 282.59 282.70 281.69 279.18
ZE7 277 .59—241.4-2_282.16 281.13 278.35
766 275.52 284.21 233.01 281.72279.37
Z45.£7,1,5Q_L6_4..U-443—, .14-241,71__27.9"£4,,
765 279.93 284.32 282.93 281.73279.69
77-(L-2.8Q,6A_28.6,U 44.3,62 232»31280,51
770 280.15 285.32 283.02 282.07 280.07
.Z44.240., 51 285.13 233,2.9 282.34 280.3 |
770 230.34 284.87 283.02 232.36 280.18
282.28 280.49

769 279.10 281.49 282.15281.60 279.53
766 480,59 48.4,44. 283,J12262.27 280.57
774 279.21 283.69 281.37281.34 279.39

7.67—27.9,44.4.84,5.7-281.44 281.37 279.50

768
767
770
767 27.6,38 .260,32 481,12-28Q.3Q 479,46.
771 275.37 280.42 280.7& 280.48 279.35
.769-27.4,41 .280,51 441,15-240.80-479,5.2
770 275.83 281.37 281.35 231.J6 279.69
Z.70.279,19 280,53 ..480,95 .240,54-2.79,-42-
770 279.41 280.73 280.83 280.61 279.46

279.52 280.79 281.13 280.97 279.54
-271,67 .280, 14 28§ _13-290,76-479,55

768 279,62.28.0,73 481.46 4.30412.479,66,

769 279.70 261.47 281.35 281.15 279.78

279.24 280.31 280.88 280.53 279.39

743 277.45 279.56 281.94 280.67 277.38
J98_277,94,,2Z9M49 282.40 281.16 278.06
768 273.23 279.34 282.39 281.43 278.55
722-273.16 2Z79.16 282.13 281.28 278.45
771 277.90 280.08 282.29 281.00 278.31
.Z67 279.21 283.97 282.93 231.55 279.34

773 279.41 284.07 283.00 281.64 279.34
772 279.63 284.14 282.80 281.61 279.45
774 281.23 283.69 282.88 281.65 279.95
__772.Q_.430.QQ0 285.39 283.17 282.02 280.09

774 280.26 284.83 283.08 282.10 279.98
-ZZ1.,279. 02 232. -432.36 281.58 279.40

769 279.31 282.01 282.66 281.78 279.48
—77). 279.24,. 281.75 282.33 281.58 279.46
771 280.28 284.41 282.91 232.24 280.46
769 779.31 7R1.P5 7?ap,n7 7?41.51 279.64
767 279.62 280.68 281.29 280.94 279.44
770 279.24 280.67 281.17 230.86 279.40
769 279.76 280.57 281.33 281.11 279.59
769 279.24 28.1,12-ZM ,65 230.51 279.45

771—279,32 280.14 280.68 280.53 279.28
769 279.73 280.93 281.33 231.02 279.63
_271-27",44-4.84,90 280.91 230.77 279.46
767279.57 280.65 280.77 280.75 279.54
_2Z71279,32 280.69 280.78 230.fin 279.47
771279.75 280.85 280.93 230.85 279.76
7.70.279.46 280.69 281.08 280.74 P79.45
768279.55 280.97 280.76 230.53 279.51

769_..27.5,83.2.84, 04 234.35 444*45-479*43— 764-240,J1 .444,49 282.18 231.68 280.03

770 279.79 283.47 282.87 282.20 280.13

768 279.23 282.2Q 281,3& 4.51,16-279,5.9_.

773 280.02 282.33 282.53 252.07 28G.14

773_2.8),05 283.88 283,13 25.2,57 .48.0,-25-.

770 260.05 284.00 233.42 282.67 280.33

767279.87 283.75 282.75 232.05 279.91
.7.6.9 4.79,65. 484*96-401,68.
767280.01 283.45 282.73 282.17 280.02
- 1LL480,17 443,99 283.22 232.68 280.36
774280.17 283.95 283.20 232.50 280.20

.769. 280,42. 2.84,97 2U_*JL4—284,50-440_»_2)—Z706-47_9,44.483,89 283.05 232.50 280.25

772 275.88 284.33 233.37 282.63 280.18

769 280.22 284,47 283.49-282,59 280 ,16—74-6_440,15. 234,3.0_200.43. 232,67 480,31 __

768 275.75 284.53 282.99 282.65 280.29

765 285.30 285.56 285.78 285.35 .285,0 Il—ZJ69L.285*17 465, 57—205,71] 485,

766 2-56.06 285.39 236.18 236.24 286.50
765 230,48.284.66 444%50.-444,70. .
766 280.50 284.45 283.67 283.06 280.80

771 279.81 284.34 283.14 232.44 280.03

767 279.95 284.75 283.31 232.59 280.22
Ifi_48.4,04_
769 280.46 283.53 282.62 232.31 280.72

.401,0-5—771.280.34 284.44 283.82 283.13 280.93

775 280. 27 284.27 2.83.50 282.98 280.68

771 279.40 279.95 280.82 280.59 279.46

281.33 279.70__
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23 16 3 246.07 246.64 93 242.21 240.67 £59 245.93 48.49 242.78 242.06 240.59 246.35 251.14 244.05 242.47 240
2116 15 247.23 214 240.80 256 250L.11 246,77 U4igp 2153 25.1,.07
23716 27 250. 43 261.7Ft 52 245.52 241.89 257 248.85 <53.31 246.25 243.95 241.48 247.55 255.22 244.75 242.85 240.94
23 16 39 % 251x1.5 16. 242,-52 9\ 99 251 2Mm 244x75 242, 14 249.Q9 25HXZU 246.82 244.1.8
23 16 51 47! 11 253.56 69 242.00 "401b8—256 247.11 254.19 243.82 242.21 240.86 246.83 254.29 243.75 242.19 240.60
23- 17 246_x5Z 253%x56 la 241.55 .2.44x45—256 _247x45 255x15 244x33 242x41 240.95 248-. 12 256.39 245x56 243,17 240.70
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FLIGHT NO
HR HN SC___ILL! ___ UL_ 2. T3 T4 —-LS- ALT I L T2- ALL,, _LL_ L2 I T ft— T5
23 17 15 254 247.60 256.18 244.52242.41 240.24 <51 247.31 56.29 244 10 241.31 239.66 248 246.43 255.45 242.98 240.90 239.08
73 17 27 250 247.74 757.45 244.94242.17 2 —-2ii5-2kS_..2a -2M,1J1 "5 260.39 762.19 248.10 244.54 240.81-
23 17 39 243 249.46 260.37 246.08243.67 240.43 242 249.19 59.67° 246 30243.18 240.21 241 248.67 258.83 246.03 242.97 240.14
73 17 51 239 250.50 262.18248.28 2kk*55-2kQ.5.4-- 233-253* 82 244.2-3- 240.30..22Z 260.67 762.48 247.75 244.Q9 239.89-
23 18 3 236 250.02 261.62 247.69243.76 239.56 234 247.95 258.23244.59241.46 238.35 234 247.45 257 79 %ﬁ% 3% %43%-5132 %%86133
R R . i 2U4.43 13 770,7 9 4 234 244.68 261.12 . J3fl...
2318 15 e o483 2o . N0 2.2 i P 4699 254 ]53 19:7863450%Ts 29745 334 250.20 35052 245.74 243.01 23884
23 18 39 235 253.12 262.83250.31 245 64 239.a7 . 233 25zaJizeonL 43 249.52 745.18 239.96 234  253. 06 263x33.253x13- 245.46 24Q.27-
23 18 51 233 2B3.78 269.35951.98 J46.42 24069 233 255.11 265 82 252.67 247.57 241.14 234 255.37 267.55 253.81 248.28 241.50
23 19 3 232 255.32 268.38 253.25 7k.1*31251*33- .230.253x13-. 04 757.19 760.66 747.66 233 259.71 774.03 258.96 252.17 243.01 .
3 B s . B . S K S R0 260,90 274, 44 259.57 257.25 243.14 330 259.88 273747 258.99 251.93 242.86
23 10 25 228 290.18 272, 64 258.00 251,98 ZjzahiL A233-253x35.215 U,  257.-85250.89 242.01_226 258.60272.22 257.02 Z50*k5 24177
23 19 37 227 259.33 273.15258.32 251.42 242.43 225 260.41 274, 59 259.67 252. 42 242.91 226 260 ,83 275 35 260.51 253.08 243.33
23 19 49 224 261.31275.75 260.b3_253-*23-2.k3x58 2Zk-.233x33.2Z5- 22252x21252x 222 13 774 252x22 %Qg%a 242,48..
23 20 0 222 259.85273.68 259.02 251.80 242.34 222 259.24 272 4 258.12 251. 07 241.68 220 259 ,03 272 62 258.04 85 241.63
23 20 13 710 259.12273. 17 253x13-255x33-251*15- 213-253*11. ZL3x 217 259 5?221’ LiJl 258.1k 25U.911 241.39
23 20 25 216 258.83 273.01 257.71 250.54 241.35 214 257.49 271 bd 255.83 249.23 240.84 214 258 2,29 256.85 250.02 241.20
23 20 37212 260.18 274.34 259.29 251.9.3 2k2Nlit- 261.18 275 76Nn.67 767.88 242.40 212 261\% %27& 114 2fe .3k, Z5Z*55- 242.45..
53 50 29 212 260.88 275.95260.36 252.46 242.16 218 260.06 252.17 241.97 210 258 J09 249.86 240.41
23 21 0 211 254.53 268.53 250050055 22230+ 1a 210 254.69 268.94_Z52A84_2MjLia_2MjL84_. 710 252.98
23 21 13 217 252.12 264. 73 248.84 "243.83 237.58 210 250.27 260.92 246.56 242.21 237.16 210 249.49 250.18 245.42 241.64 236.78
23 21 25 211 246.83 252. 88241.45 239,22.215%21 . -2-10- 2k5.,38. 251,£.2—2.40 52223,34, 2-351.1a_ 233-2k3*13-255*31 741.86 239.06 235.66-
23 21 37 209 247.64 955.33 243.06 239.81 236.03 209 246.69 253.33 241.63 238.83 235.63 207 245.52 251 44 240.89 238.24 235.28
23 71 4Q 207 742.73 245.97 21bx32-235x55L233x.22. 22L.242.80. ZkLxk9 237.03 2,35.55 234.12. 705 744.11 46. 739.09 737.72 734.95
23 2 205 244.48 251.96 239.70 237.66 235.36 206 244.84 252 53 240.08 237.92 235.42 5 246.04 254 30 242.14 239.26 236.00
700 746.0n 767. 74 740.26 237.85 215-*iL4 _2JLk_2ka, 22-252 22353*22233.07 235,kk_ 253-2kk* 23 252x16 239.24 2,37.30 234,9.
3% 22 23 202 244.50250.80 239.60 237.40°235.18 203 244.08 250 38 238.77 236.75 234.49 201 243.36 248.65 238.16 236.21 234.00
73 77 35 7n7? 7U3.78749.87 737.84 235.°95213+95 .201 2.42,73 250 37 216-222.33523233*56 . 205 Zkix&h.253x31.238x82-2$2S33-222x25—
23 22 A7 199 245.50254.11 240.64 238.03 235.09 200 246.03 255 04 240.89 236.32 235.28 198 246.28 255.51 241.57 238.
73 77 59 199 747.16 757.91 2k2x.Z2-Z13x51235.t2k. 220.. 253x27.221*..43 .24b» 54, 241_32-236.35 122232*32251*33 23a..
23 23 11§07 249130 261.36 245.81 241.37 236.03 199 246.58 257 12 242.25 238.78 234.58 198 246.14 256.23 241.48 238.
197 2Kk2.53 251x35232x57—233x2.7 23.4, 88 198 245.72 255 41 240,39 227,23 213+53_._L98 244,-8..253%.67 _2.39j18JLj
23 23 35 197 243.09 248.78 237.79 235.83 233.51 198 243.95 251 85 238.55 236.52 234.01 193 243.59 250.58 238.85 236.
53 73 47 103 744.43 253.44 230.67. -23.6j199 211,86. 132 235x03 255,15 2kQx21.231*53 212x11  133-2-k6xI3.-256x.61 2k xSLk-2
197 244.96 253.75 240.7? 237.75 234.49 199 245.55 255. éé Zzgéég 2238.44 234.93 %gg gg.gg %g%fg? 2221133.%2 gﬁg.
152 25212253*: *53-! 3*53235*31 - . - X
1! R . T:5 245.69 241.39 236.25 196 07 259. 72 244.39 240.45 235.82 193 2<*6. 71 257.12 243.40 239.5
%g 22[4(1 §§-_13§2§ii§3 ggﬁég’ 2.40-,.05. 237.43.234,27 154 07 244,23 24Q.12-225.41- 19.3 2k7x31259,83 243, 65. 233x 8
23 24 47 197 248.21 260,70 244.53 240.4" 235.2b 193 74 244717 240.12 235.36 191 250.26 262.98 247.18 242.3
23 2k 59 19)L- 748.50 260.90 244.98. 240.79.235.57 192 -EE_ Zk.7XIQ.3k2-*11—236,09  131253x35253xIk 2;9*18 .
23 25 —192 253.70 263. ("1 251.19 245.02 237.42 190 507 252.54 246.01 237.64 190 256.79 271.45 254.927247.76 238.41
2 7-7 267 vnq -1S 53-255x33
23 28 3 158 ERE 29531 389-8 35937296784 v, 14 280,51 750,99 239, 183 260.52 275.52 259.17 250.94 239.78
23 25 45 138 260.51 275.49 250 61251+25.239.96 188 26.0*35 cis 47. 253x15253+32.213x13. 188 260.29 275*31..%53x-21-—25o.x33— 239.61_
23 25 57 189 259.91 274.84 258.83 250.49 259.41 187 kb 257.53 248.34 234.93 189 260.08 274.78 259.13 250.53 239.31
73 26 9 188 259.78 215x15 253.75 .253x25233x15 _ 188. 50 .2.58..7.3..252¥19-229.19 189 259.35-213x35.
23 21 189 258.88 273.75 257.89 249.61 238.88 187 01 256.60 248.79 238.14 189 258.63 273.51 257.57 249.46 238.70
73 26 73 138 757-88 277.46 N .. 226. 71 756.68 ?4ft.bf) 737.97 1«7 2Qfl.7n 773.1k- ?qf..an 248.98 238.32--
53 26 45 187 288.07 272.99 257:86 2hEAY-24x3hs 1gg 67 256.42 248.60 237.92 187 257.91 272.43 256. 49 248 ,42 237.99
2551 i -211x55.255x3.2-2kl.x62 231*51_.18.5- 55- Z3kx65-2Jilx.Il. 233x95. -LAJ-253xZ1.2Z3.xI5 2.9k. 15.251 1 237.1k-
53 57° o185 288 270, %4 255,06 247.46 237.27 49 258.60 249.36 237.24 182 258.50 273.22 258, 89 250, 97 239.05
73 28 20 181 253.50 262.37 256.44 251x31.233x33 . 183 259.25 273 75 258, 11A250.10 238.80 182 259.34 273.81 258, §§ ;5 46 238,9_.
73 28 33 182 259 -56 273.83758.37 250.30238.8b 161 255.54 273, 184 259.49 273.54 , ) 93 238.71
73 28 45 187 259.43 273.41257.38 249.43 238.46 182 256.92 272, 64 256.97_248.93 333x11_ _182 258.48 271.86 ,27 248 33 237,71
181 258.78 272.34 756730 248.44 237.80 161 258.82 272 ,45 257.03 248.73 237.95 184 258.90 270.79 ,73 251 ,31 239.46
759.27 271.98 258. 63 250.99 ?33xIl_. 1&Z.253x33-212,25253x11255 *17.233*53- igi 259.75 273.54 -;;*2253- 52 238..15-
‘9o 238.46 181 255.37 273 .25 257.75 249.56 238.39 259.C2 272.29 257. 49.
23 24 20 183 299 2613 %ﬁg_gg 183 269.17 211 98 153*13248 ,72 23T-t)J- 3.3 15axIL5_. 271 *-i3.253* 0iJ
23 34 33 259. 248.32 237.91 182 259.24 171 30 256.19 248. 25 237.92 182 259.30 270.99 gggﬁ 06 248. ?33; %gggg
JL82_.2MJ_L4,1Za. -
23 34 57 1?317 ggg 257 ?g gjg_'e?é 238.78 183 260.56 271 DV 257.40 249.50 238.87 182 260.98 272.14 257. Yy 75 238702
23 35 181 2,61 39 273.19 35 261.59 273.74 259.27 250.69 239 kI 182 261.51 274,13 259. 05 250 41 239.19
187 262 11 275.22 260. 06 251.31 239.5 182 261.84 275.fa5 259 237 - 183 262.16 275.51 260.14 251.30 239.59
181 262 31 275.68 14 251.33 183 262.03 275. 33. 26.0 2a1-31 ggg:;o 182 262. 23 276.05.260.35 JL51».44 23 9.68
23 35 43 182 262 28 276.54 39 251.47 g@g@g 182 262.52 277.06 261 - .75 182 262.39 277.56260.96 251.76 239.72
182. 262 42 277.38 25 251 .82 239.84 181 262.34 277.45 260 Jo1.65 239.71 163 202.50 277.82261.30 25.1.84 235, ojL_
6 251.95 239.90 181 262.63 277.74261.02 251.77 239°8
23 36 le7 202 . 217.84 12 251.82 239.81 183 262.42 ST7.71 261 551186 230.87 183 262.80 276.71261.36 252. I 239,33-
23 36 31 18? 262 61 276.2? 85> 251.75 239.93 183 262.94 276.43 ;@‘L 252.16 220 2‘71 133 26% 60 276.28 260. ga 251.86 239.82
236 43 18 262 8 217.32 25 252.26 pn 9y 8820004217, 00 gy ERSrofhe WHhoBB2 AR 97006 e hs 25130 R0
23 36 55 131 262 96 277.14 47 252.23 739 9y Wii2_ 262708 1Z:ix14. 261 252.40  240.21133 262.75277.79 ?6U34_2,52,26 240, 2,
33719 13 262 78 278.34 Jylg) 162 2ez.e0 zre.ar 1 TRGL SRR-30AGE RORASSTEGS 500 %e slnel
283373 49-211 ;2L o : 187 260.83 276.61 259 250.35 239.13182 260.56 276.61 259.52 250.65 238.99
23 37 43 13'7 %gg 575 - sag.53 182 25.9.95 275.21 25,  250.23 238.68 181 259.21 275.01,258.16 249,51 238.16-
182 259 0 274.78 17 24 238.28 182 255.12 274.28 257. gig-gl ggg-%“ 182 259.39 274.42 258.13 249.81 238.47
23 33 19 112.255 97 273,79 33 248.93 238.10 182 253.42 272.12 256 .75 6_ 187 256. 96 270 *3k-25.5xI15-Zk7* 13. "35*33—
T 13? 257 24 270 95 247.50 237.22 182 257.38 270.67 237. 23 182 257.52 270.84 255.75 247.92 237.25
23 38 41 152.253 76 215 47_2.46.ia2 256.03 269*57— 46_28 %gg 182255.55 B9.88_75,?. 5ft246.14 236.35-
23 33 53 137 255 43 269.90 45 246.11 236.48 182 255.10 269.67 252, 245 29 183 255.35 270.66 253.59 246.19 236.56
4 90
1303 5 182 2% moelr T e e e 18 247,20 253190 243, 23874 283.20 1827A7.1> 258.80 243.58 239.03 23343
73 1323 184 246 58 23firzi iejL 2dand.. 262125 0A3«  OLUNT 2ifasfi 181 25%3.10 265. 45 -250.47 244.34 235+*13-
; %@ﬁ gg 241.26 234.63 181 250.32 262.10 247.24 241.90 234.90
23 39 41 183 250 13 262.68 i 1122222549'73 261'38,322252‘ 74432 236.10 182 252.71 267.11 25Q.93 244.50 235.79
52231 39 240.11 3*35- - - - - . . .
Zzg ig 53 182 244 53 254 33 237.07 g;’ﬁ’xég 181 250.37 261.96 247. %2%.%3 234.87 182 249.68 261.98 246.07 241.20 234.82
23 40 25 183 251 68 263.95 235.b6 182 248.41 260.49 244. 54314 53155315*1?822-3503%2-26535,2k3.x5122!¢2 53-235*52-
23 40 37 18?7 251 81 266.06 16 243.35 235.74 183 251.42 265.36 246, > - .09 264.12° 247.17 242.06 235.02
23 40 49 18?7 249 33 263.28 55 241.72 234»92 183 250.86 265.23 247. 5232 9bg ;3??, gg?) 183254.23 268.31 252.23 245.77 237.0-5-
23 41 183 254 57 266.69 15 245.71 236.91 163 251.82 261.82 248, - - 182252.39 260.50 248.64 243.28 236.07
181 252 69 260.18 68 243.37 236.09 182 250.90 257.10 246,  241.79 235.26 181249.21 254.52 244,31 24Qt?6 234.64..
182 247 95 252.39 97 239.39 234.07 181 247.01 251.01 241, 238.47 233.66 183 247.35 251.36 241.86 238.64 234.03
23 41 35 182 247 84 252.05 239.22 183 249.15 254.22 244, 240.15 234.75 182 250.77 256.47 245.61 241,35 235,41-
23 41 47 182 252 29 260. 11 68 243.65 236.44 182 254.59 263.89 251, 245 _fa5 237.27 %g% ggg% %?Z'Si ggg% ggg.gg ggg.%
$ 4159 61 273.07 18 250.53 239.78 259 _ 214.56 % 58508 2%938%0 182 257,52 273.18 256.92 248.99 238.64
23 47 11 182 259 67 276.15 77 251.22 23978 182 258.74 274.46 258,  90-0)
23 42 23 75 273.26 15 249.21 238.62 183 258.13 273.90 257, - 238.89 182 256.51 272.07 256.05 246.42 236.111
23 42 47 183 255 48 263.13 70 246.83 237.35 262.57 249 243.32  235.94 182252.55 263.22 249.51 243.96 235.98
23 43 10 192255 39 261x15 51 246.07 237.56 57134 256 249.26 238.76 183259.80 .27°41 259*52 251.Q9239.72-
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6/ 12/ 70
HR HN SC__&L.T
23 43 35 182 256.91 270.37 255.68 248.50 238.25 J8l 252.77 264.22.250.23 244.34 236.29 182 257.72 271.10 256.40 249.12 238.76
23 43 59 L& 259.55 iX5, 5.6+259.44 251.15 239.72 182 26(.1Q -£X5.»-92._X61UZ2 251.78 239.-96 183 261.46 278.34 261.97 252.97 240.70
23 44 23 181 261.61 279.25 262.33 253.20 240.77 182 261.67 277.13 261.77 253.10 240.67 182 261.81 277.48 262.02 253.30 240.84
23. 44 47 182 ,262.13 278.16 262.50 253.42 241.12 3187 262.Q4, 277.45 262.23 253.-43 241.18 182 262 28 277.10 262.46 253 62 241.18
23 45 182 262.13 277.38 26X.29 253.31 240.92 183 262 21 277.90 262.52 253.55 241-98 277.70 262,65 241,15
?3 46 29 182 262.38 2-77. 71 262.48 253.67 271.05 183 262.41 "277.21 2.62.41 253.58.. 241.15_ 182 285255 576 B4 263°38° 2863 b 241 21
23 45 57 187 262.38 277.87 262.49 253.61 241.17 182 262.15 277.07 262.40 253.46 241.23 182 261.93 276.82 262.38 253.67 240.94
23 46 21 -18.2 262.27 276.83 262.54 253.67 241.26 182 262.18-277.42 262.72 253.75 241.31 182 262.27 278>16 2-63.03 253.85 241.27
23 46 45 181 262.46 277.53 262.75 253.77 241.28 182 262.51 276.98 262.56 253.70 241.33 181 262.26 276.91 262.53 253.89 241.21
-23...47__9_ 182 262.39 277 ..3Q 262."91 253.96 241.46 183 262.44 276.75 262.74 253.05 241.38 182 262.35 276.76 262*77 254.QQ 241.45
23 47 29 183 262.29 276.62 262.49 253.78 241.31 182 262.21 276. 46 262.31 253.60 241.08 182 262.46 276.95 262.83 254.00 241.48
23 47 41 182 262.15 2-76.6Q 262.52 253.64 241.11 182 262.28 276.63 262.60 ?53.63 241.?? 183 ?6?7.U5 278.34 282_.85 253.74 241.43
23 4? 53 183 262.46 276.84 262.78 253.82 241.29 183 262.41 276.98 262.75 253.36 241.31 182 262.48 277.15 262.94 254.11 241.46
-23 48 3 183 262.49 277.24 262.87 253.97 241.38 181 262.65 £77.5-1 2.63.12 254.23 241.57__ 182 262.69 277.62 262.91 254.17 241.56
23 53 17 183 263.63 279.61 263.33 253.60 240.80 183 263.73 281.52 264.08 253.92 240.91 181 263.40 280.45 263.45 253.61c 240.76
AILX8.13-.32. 2 fa-3.<-3-7,]l53.43 240.68__ 182 263.98 282.25 264.44 253.75 .240.68
23 53 59 181 263.94 282.63 264.46 253.83 240.75 182 264.04 282.66 264.61 253. 97 240.75 182 263.79 282.44 264.39 253.75 240.60
-23..54 11 ,182 263.83 282.24 264.60 253.96 240.88 183 263.79 782 23 _76Jt-.ILk-.Z54..06 240 84 183 263.69 280.71 263.92 25-3,.7.0 24Q.75
23 54 33187 263.51 279.60 263.20 253.46 240.67 182 263.58 270 o 063,35 sos:% avF— 15 38383 580.31 253.59 240.81
23 54  35-182 2iL3-"55 -2aiU-4JL"6-3-.-94 253..7J--2.yLtL4__ ia2. 263-.67 281.46 263.96 253.77 240.74 182 263.98 g5 39 | 254.18 240.87
23 54 47183 263.55 281.05 263.93 253.72 240.58 182 263.55 279.95 263.52 253.61 240.82 181 263.41 279.14 263.50 253.60 240.79
-23 54 59-13.2 263.23_2J7a.4_3 262.99 253°5.-2.40.~1_L81_26i.02_XZX.83 262.83 253.24 240.53 182 263.02 277.14 262.71 25,3.40 240.7Q
23 55 10 183 263.07 277.39 262.46 253.09 240.50 182 263.35 277.33 262.92 253.60 240.77 183 263.12 276.48 253.22 240.57
23 55 23 .182 263.22- 2.7.6. 66 262.79 253.43 240.75 183 263 14__£7Z~  262.74 253.23 240.73__ 183 263.21 X76...71 .253.36 240.76
23 55 35 182 263.61 277.07 262.84 253.54 249.83 182 2b3.72 277.04 263.08 253.64 241.08 183 263.44 276.46 262.52 253.38 240.75
-23 55 47 -112 263.5k, 2XI11.6.0. 262.85 253.4Q..X.k0.86 112,262..XQ 277.1U 262.66 253.41 240.82 183 263.69 X9 263.08- 253.69 240.93
23 55 59 113 263.59 276.77 262.83 253.47 240.92 183 263.86 277.41 263.06 253.66 241.04 183 264.05 277.73 263.25 253.76 240.98
—21 56 27 161 264.39 277.21 263. kZ-XaXUJLiitUXa 18Z XFtkUUXXZ.45_213.48 254.00 241.34 183 264.46 278.38 263.48 254.00 241.17
23 56 51 181 264.66 278.92 263.95 254.29 241.24 183 264.65 278.87 263.80 254.17 241.29 184 264.71 277.71 263.65 253.95 241.17
23 57 13 181 264.4? 278.34 263.61 254.05 741.16 -182 266« 72-273..13., 263.66 25.4-.-lg 24L..25_ 124-26,4.-1Q 278.Q5 .262..60 254.11 241.19
23 57 37 182 264.54 277.86 263.6? 254.21 241.25 182 264.61 278.47 263.73 254.14 241.25 183 264.68 278.22 263.72 254.30 241.47
-23 57 57 JL8-2-_2641a6_7L 27.7-.2L0—26-1. 69., 254. .IXL24L. 42 _ 162 264. 71, £7,6.21 -253. 75-Z5UZJ . X4UAZ__JL61,254.83, 278.27 -253L.7.4. 254.20 241.32
23 58 183 264.64 278.84 263.95 254.48 241.49 183 264.76 273.19 264.05 254.57 241.65 184 264.47 278.43 263.74 254.18 241.49
£8 20 _L 278.14-25.4-.-QjL-25-4-.JiL-Z4L..£18._ 183 X64.62 278.21 253.J19L
23 58 33 182 264.87 278.01 263.72 254.43 241.63 183 264.88 277.95 264.03 254.61 241.67 182 264.72 278.31 263.96 254.53 241.51
-23 58 45 182 264.76 2,75.12 264.Q5 254.49 241.6ft -181—26.4., 7Z-2XZ- 26,3.64 2544,35,241.54__183 264.73 277.24 ?254.3? 241.44
23 58 57 181 264.70 C9 263 53 254.21 241.49 06 277.46 264.03 254.56 241.74 182 264.92 277.22 263.59 254.44 241.56
73 59 187 766.13 24..2£3 9X_254-.6-4_241_.a2l 92,£7 7.10 263.78 254.48 X-4UX6___ 182 254.-9.Z_ 277.31 2.63X1 254.51 241.70
23 59 20 182 264.84 70 254.3J) 241.58 81 277.52 263.85 254.49 241.59 183 264.77 277.46 263.73 254.47 241.60
23 59 12 182_2q4-_97 03 -277.28-2_6-3-.J9.6_254»39 241.22__184,, ?77.77 764« Q? ?54.59 ?41.73
23 59 45 182 265.2? 29 264 17 254.7 241.65 265. 11 273.13 263.78 254.53 241.83 182 265.24 278.12 264.38 254.72 241.86
3 59 57 18.3 265.03 68 263 13—277-.-82-Xtall...9-6. 254..2Z . X41.9J___ 182 265.14 277.64- 26-4.09 25.4.58 241.84
182 265.15 277.29 263 78 254.57 2*1.67 ,37 277.57 264.07 254.87 242.00 192 265.42 277.28 264.27 254.75 241.96
axXM. _27zj ai_£54.55-24UZ5__ .43, 277.4.0.26X.-91 254.70 242.QQ 183 265.3Q 277.39 2-64%-02, ?5U.79 -24,2.Q2
0 31 183 265.29 277. 264, 13 254.81 241.99 ,45 277.43 264.13 254.32 241.94 182 265. 44 277.67 264.20 254.96 242.24
0 43 .182 265.48 277.  --254.i HQ.. 254.8X-2-42jIL1_ ,63 777.64 ?64.7C ?54.94 242.16 182 265.27 277.33 269.71 254.77 7frl .80
0 55 187 265.60 277. 41 264. J9 254.83 241.97 51 277.21 264.10 254.84 242.08 183 265.45 277.26 264.15 254.92 242.17
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