


116 >S2

73 G2S5



TIROS II RADIATION DATA,r
USERS1 MANUAL

By

Staff Members

of the

Aeronomy and Meteorology Division

• 11S-Goddard Space Flight Center, <2WW

National Aeronautics and Space Administration

and the

Meteorological Satellite Laboratory

United States Weather Bureau

Department of U. S. Commerce

August 15,1961

\ i '

LIBRARY .

AUG 102009



National Oceanic and Atmospheric Administration
TIROS Satellites and Satellite Meteorology

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the image, such
as:

Discolored pages
Faded or light ink
Binding intrudes into the text

This has been a co-operative project between the NOAA Central Library and the Climate
Database Modernization Program, National Climate Data Center (NCDC). To view the
original document contact the NOAA Central Library in Silver Spring, MD at (301)
713-2607 xl24 orLibrary.Reference@noaa.gov.

HOV Services
Imaging Contractor
12200 Kiln Court
Beltsville, MD 20704-1387
January 26, 2009



Blank page retained for pagination



FOREWORD

Many members of the staffs of both the Aeronomy and Meteorology Di-
vision, Goddard Space Flight Center, and the Meteorological Satellite Labora-
tory contributed to tha success of the TIROS II satellite. However, the fol-
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Dr. R. A. Hanel Mr. G. E. Martin
Miss I. Persano Dr. D. Q. Wark

ABSTRACT

The NASA TIROS II Meteorological Satellite contains a five-channel
medium resolution scanning radiometer. Two of the channels of this instru-
ment are sensitive to reflected solar radiation and the remaining throe respond
to emitted terrestrial radiation. In the original design concept, the radiom-
eter output signal was supposed to be proportional to the difference in energy
flux viewed by the bi-directional optics. In addition to a primary calibration,
which employed two targets of known radiant emittance, auxiliary measure-
ments were made to determine optical balance, thermal stability, and electron-
ics temperature correction factors. The calibration data, along with orbital
and attitude data and the infrared data from the satellite, were incorporated
in a computer program for an IBM-7090 which was used to produce the
"Final Meteorological Radiation Tape (Binary)."

After launch, the radiometer displayed characteristics which had not been
previously suspected. Those characteristics, which indicate a departure from
the concept on which the calibration was based, result in some uncertainties
in the absolute values of the data. These characteristics and other possible
sources of error are discussed. Before serious work with the TIROS II radia-
tion data is attempted, and understanding of the radiometer, its calibration,
and the problems encountered in the experiment is essential. The instrumen-
tation design, development work, and the calibrations herein described were
performed Ъу the Goddard Space Flight Center staff, whereas the computer
and programming effort was carried out by the Meteorological Satellite
Laboratory Staff for the most part.
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I. INTRODUCTION

1.1 The TIROS II Program '• »• "• 4

The NASA TIROS II meteoroligical satellite
was injected into orbit on November 23, I960.
Its mean orbital characteristics aro listed in
Table I.

TABLE I
Perigee Altitude 385.6 st. mi.
Apogee Altitude 454.4 st. mi.
Inclination - - 48.53 deg..
Anomalistic Period 98.27 min.

The instrumentation flown in the satellite
includes two television cameras and two radiom-
eters. The radiometers measure emitted and
reflected solar radiation from the earth and its
atmosphere. One is a wide field non-scanning
instrument with two detectors, one white and
the other black. This manual is concerned only
with the second radiation measuring device, the
five-channel medium resolution scanning radiom-
eter.
1.2 Limitations of Data Utilization

Before attempting to interpret the data con-
tained on the "Final Meteorological Radiation
Tape (Binary)," careful consideration should be
given to all points discussed in this manual. For
an understanding of the significance of the radiant
emittance values or equivalent blackbody tem-
peratures a familiarity with the principle of the
radiometer, its peculiarities, and the method of
calibration is essential.

Care should be exercised in the use of the cor-
relation of the radiation data with geographic
location, such as in attempted comparisons with
synoptic situations. Uncertainties in attitude de-
termination lead to an estimated standard error
of 2° to 3° in great circle arc. At a nadir angle
of 0°, a 3° error would result in a position error
on the surface of the earth of less than about 20
miles. At a nadir angle of 60°, a 3° error cor-
responds to an error of less than 200 miles. It
should be emphasized that such errors result in
distortion as well as translation, and a simple
linear shift of the data is in general not sufficient
for correction. s- '• 7i 8i 9

In addition to attitude errors, time errors also
contribute to difficulties in geographic correlation.
The principal sources of time errors are mistakes
at the ground station in transmission of the end-
of-tape pulse, erroneous sensing by the analog-to-
digital converter of the end-of-tapo pulse, and the
necessity of counting through noise on the rela-
tive satellite clock frequency. Those errors may
at times amount to as much as one to two min-
utes. Time errors also result in distortion as well
as translation.

1 .3 Description of the Principle of the Radiometer ' • *
The principle of the radiometer is illustrated

in Fig. 1, where the components of a single chan-
nel are pictured. The fields of view of the chan-
nels are approximately coincident, each being
about five degrees wide at the half-power points
of the response. The optical axis of each chan-
nel is bi-directional 180° apart. As the half-
aluminized, half-black chopper disk rotates, radi-
ation from first one direction and then the other
reaches the detector. This results in a chopped
output which is amplified and rectified, giving a
DC signal proportional to the difference in energy
flux viewed in the two directions.

The radiometer is mounted in the satellite such
that the optical axes are inclined 45° to the satel-
lite spin axis. The viewing directions are desig-
nated "wall" and "floor" according to their
orientation in the satellite. While one optic views
the earth, the other views outer space. Thus, the
outer space radiation level (assumed to be zero)
can be used as a reference. As the satellite rotates
on its axis, the radiometer scan pattern on the
surface of the earth is defined by the intersection
of a 45° half-angle cone and a sphere. This pat-
tern ranges from a circle when the spin vector is
parallel to the orbital radius vector, to two hyper-
bola-like branches when the spin vector is per-
pendicular to the radius vector. The orbital
motion of the satellite provides the scan advance.
Variations in the amplitude of the radiometer
signal are converted into subcarrier frequency
deviations and stored by moans of a minature
magnetic tape recorder. When the satellite
is interrogated while passing over a Command
and Data Acquisition Station, the information is
telemetered back to earth where it is recorded on
magnetic tapo. The further processing of these
magnetic tapes is discussed in Section III of this
Manual.

II. CALIBRATION

Before considering the calibration flow sequence,
it is necessary to define and discuss two quantities
which are fundamental to the calibration. These
aro the effective spectral response and the effective
radiant emittanco.
2.1 Effective Spectral Response

2.1.1 Dennition. The effective spectral re-
sponse is defined as

In the actual computation of

. (D

the expression

(2)



was used. The use of the factor (1-A\) assumes
that the aluminized half of the chopper disk is
independent of wavelength. It is also assumed
that the detector absorptivity and the prism
reflectivity are wavelength independent.

The materials used in the lens and filter of each
channel are given in Table II. The effective
spectral response for each channel is given in
Figs. 2, 3, 4, 5, and 6, and in Tables III, IV, V,
VI, and VII.

2.1.2 Discussion. The ratio Дх was taken
from measurements performed at the Meteoro-
logical Satellite Laboratory of the Weather
Bureau, using a Beckman IR-7 spectrophotom-
eter. The determinations were made on two
different chopper disks taken from a radiometer
similar to that flown in TIROS II. An average
or the two was taken and used for channels 1, 2,
and 4. No measurements were available in the
spectral ranges covered by channels 3 and 5,
so R\ was assumed to be independent of wave-
length.

Á discussion of the final values of <fo derived
for each channel follows.

CHANNEL 1

The function /\ was taken from Barnes
Engineering Company measurements made on
the channel 1 filter of the TIROS II radiometer
in combination with plane samples of the lens
material having thichnesses equivalent to the
mean thicknesses of the lens elements. An
immersion detector is used in this channel. The
hemispherical germanium immersion lens was
assumed to have a transmission independent of
wavelength.

CHANNEL 2

In the spectral region 7.2ц to 16м/x was taken
from measurements by Barnes similar to those
already described in the discussion of channel 1.

In the 16м to 22M region no direct measurements
of/x f or the TIROS II radiometer were available.
Transmission measurements of a similar filter
were made by the Meteorological Satellite Labo-
ratory of the Weather Bureau. The transmission
of the germanium doublet lens was calculated
theoretically by MSL from transmission curves
of germanium specimens supplied by Barnes. In
addition, direct measurements of/x were made by
the University of Michigan, using a filter-lens
combination taken from a radiometer similar to
the one employed in TIROS II. An average of
the two methods was adopted for the final value
of/x in this region.

CHANNEL 3

Barnes measurements of the type described in
the channel 2 discussion were used for f\ through-
out the entire range covered.

CHANNEL 4

In the region 7.2м to 16м /x was taken from
Barnes measurements performed on the TIROS
II radiometer.

From 16м to 32.6м no direct measurements were
available. The transmission of a sample InSb
filter was measured by Eastman Kodak Company.
The transmission of the KRS-5 lens was assumed
to be constant throughout the entire 7.2м to 32м
range. This constant value was obtained by
taking the ratio of the area under the Barnes
transmission curve from 7.2ц to 16м to the area
under the Kodak curve over the same wavelength
range. The product of the Kodak curve and the
constant obtained for the KRS-5 lens was adopted
for/x in the 16д to 32.6м region.

CHANNEL 5

From .45м to 1.2м Л was taken from Barnes
measurements on the flight radiometer. In the
1.2м to 3.35м region. University of Michigan meas-
urements on a filter-lens combination from a
radiometer similar to that flown in TIROS II
were used for/x.
2.2 Effective Radiant Emittance

2.2.1 Definition. The effective radiant omit-
tance of a target W is defined as that portion of
blackbody radiant emittance which would bo
detected by a sensor with a spectral response ф\
when the field of view is completely filled. This
may be written as

w-Г
~Jo

(3)

2.2.2 F vs. TV The W vs. TBB functions in
Tables VIII, IX, and X and Figs. 7, 8, and_9
were obtained using the equation defining W.
The integration necessaiy in the computation of
each point was carried out using an LGP-30
electronic computer. These transfer functions
are provided in order that values of W may be
converted to equivalent blackbody temperature
J-BD-
2.3 Flow Sequence

The radiation data flow sequence is shown in
Figs. 10 through 13. The sequence from statellito
through ground station is illustrated in Fig. 10(a).
When an effective radiant emittance W is viewed
by one side of the radiometer while the other sido
views outer space and with a radiometer housing
temperature Tc, a radiometer output voltage
Vraa is obtained. This signal is fed into a voltage
controlled oscillator which produces an output
frequency F,c when the oscillator electronics
temperature is TE.

At the ground station the frequency F,c, now in-
creased by a factor of 30, is fed into a demodulator,
the output of which enters an nnalog-to-digital
converter. The resulting digital number Z?0)



and the temperatures TB and Tc which are also
telemetered from the satellite, are used to obtain
the value of TF from the calibration data as
indicated below.
2.4 Correction for Electronics Temperature

The realtion between tho radiometer output
voltage VTttd and the frequency output of the
voltage controlled oscillator F,e depends on the
electronics temperature Ts as shown schematically
in Fig. 10(c). Algebraically, the relation may be
expressed as

F,c=f(Vraa, Г,). (4)

A "normalized" case was established for TB=25°
C, in terms of which all data are to bo expressed.
Therefore, a correction Л must be added to the
"uncorrected" digital number D0, yielding a
digital number Д corrected for TB only as shown
in Fig. 10(d).

Using graphs similar to those shown in Fig.
10(c), the correction Д can be found as a function
of Do and T s as shown schematically in Fig.
11 (a). The Д functions for each channel are
given in Figs. 14, 15, 16, 17, and 18.
2,5 Balance (a) and Stability (/3) Factors

Initially, it was assumed that the response of
the radiometer depended on the particular optic
viewing the target and on radiometer housing
temperature Tc, as shown in Fig. 10(b). Accord-
ingly, the radiometer output signal when the
wall optic is viewing the target and no radiation
is entering the floor side can be expressed as

V„=kw(Tc)[W-K"] (5)

Similarly, when the floor side is viewing the target,
the expression is

V,=kt(Tc)(W-K"] (6)

In practice, the values K" were found to be very
small compared to other uncertainties in the cali-
bration measurements and, hence, were neglected
in all calculations involving second order correc-
tions to the normalized calibration data.

If the radiometer optics were in perfect balance,
then ku(Tc)=kf(Tc). However, this in general
is not the cose. Hence, it is necessary to reduce
all data to a set of standard conditions. It was
decided, arbitrarily, to express all measurements
in terms of the wall optic at a housing temperature
of 25° C. Accordingly, two correction factors
were defined:

(7)

(8)

To facilitate the determination of these factors,
a series of measurements were made. The radiom-
eter was placed in a thermal chamber with the
optics in line with ports in either side. A black
painted sheet metal box filled with water at room
temperature TI was placed in front of one port.
At the other port was a Barnes Engineering black-
body source, model RS-12, set for a temperature
T3 such that a signal of convenient magnitude
was obtained from the radiometer. When the
radiometer housing reached thermal equilibrium
with the chamber, a reading of the radiometer
output voltage was obtained. The positions of the
targets were then reversed and another reading
taken. This procedure was repeated for a num-
ber of housing temperatures, covering the range
expected under operating conditions.

The output signala obtained in this way can be
expressed as (neglecting K")

(9)

(10)
where

f
Jo

r
*/ 0

f " Wx (Tc) (!-<
Jo

f Vx(rc) (l-í
t/0

(11)

(12)

In the above relations it is assumed that all radia-
tion reflected from the targets originates inside the
thermal chamber.

The desired correction factors may be written
in the form

(13)

•ß(Tc) (14)
a (25°C)

l

where

' ц(

(15)

(16)

In making the final calculations, it was assumed
that 6x1=6x3=1.

The a and ß functions are shown schematically
m Figs. ll(c) and 12 respectively. The functions
are given for each channel in Figs. 19 to 28
inclusive.



ê.6 Target Efective Radiant Emittance, W vs.
Digital Number, D

2. 6.1 Thermal Channels 1, 2, and 4. The
radiometer was originally calibrated using a
target at liquid nitrogen temperature on the floor
side and a warm target on the wall side. Since
it was not possible to calibrate the radiometer
and its electronics data storage package as a
system, the radiometer was calibrated alone, with
a resistive load substituted for the package.
When auxiliary calibrations were later performed
on the entire system, it was found that the elec-
tronics matching caused considerable shift in the
measurements. Hence, it has become necessary
to rely entirely on the auxiliary measurements in
constructing the final W vs. D curves.

The auxiliary calibration measurements were
carried out using two honeycomb targets, one at
room temperature and the other at higher tem-
peratures. Each honeycomb consisted of a flat
brass plate to which were soldered, perpendicu-
larly, two inch lengths of one-fourth inch I.D.
copper tubing. The ends of the tubes were coun-
tersunk, presenting thin edges. The surfaces
were coated with black India ink. The tempera-
ture of each target was recorded by means of
thermocouples. In the hot target there was
found to be a temperature difference of about
two degrees between the brass plate and the
exposed ends of the tubes. The plate temperature
was assumed to be the effective blackbody
temperature.

The resulting output signal of the radiometer
can be expressed in the form

(17)

where T\ is room temperature, Тг is the warm
target temperature, and the wall side is facing
the warm target. The radiant emittance for
each target can be calculated using :

Jo
(18)

= (
i/o

f
Jo

(19)

Measurements of the emissivities of the targets
showed them to be very near to one; hence, in
the final evaluation, it was assumed that t\ was
unity.

A curve of V vs. was

plotted from the calibration data. This is as-
sumed to be equivalent to a curve of V vs. W
"normalized" with Tc=25° C, viewing a target
through the wall side with no radiation entering
the floor side.

Using а УГОЛ vs. frequency curve and convert-
ing from frequency to digital number with the
formula

D-™ F (20)

a normalized W vs. D curve was Constructed of
the type shown in Fig. ll(b). The W vs. D curves
for each channel are given in Figs. 29 to 33 in-
clusive.

2.6.2 Visible Channels S and 6. The original
source used to calibrate channels 3 and 5 con-
sisted of a projection lamp placed behind a piece
of opal glass. It was later found that the opal
glass was partially transparent from the red end
of the visible into the infrared. This caused the
gain of both channels to be set lower than was
originally desired. Since this difficulty was not
discovered until after launch, it was necessary to
work with another radiometer in recalibrating.
Radiometer 105A was employed for this purpose,
its gain setting being approximately the same as
the gain setting of 106A.

A tungsten filament lamp calibrated by the
Bureau of Standards was used in the recalibra-
tion procedure. Radiation from the lamp was
diffusely reflected from a piece of white paper of
known spectral reflectivity. The output signal
of each channel was read with the illuminated
paper completely filling the field of view of the
radiometer. The effective radiant emittance was
computed using

(21)

This measurement gives one point on a voltage
vs. W curve. Taking the noise level as the W=Q
point and assuming a linear relationship, a cali-
bration curve can be constructed. The accuracy
of this calibration suffers due to the small radi-
ometer signals obtainable with the diffusely
reflecting arrangement. Only 0.48v out of 12v
was obtainable with channel 5 and 1.6v out of 12v
with channel 3.

The maximum signal obtainable with albedo
1.0 and solar radiation at normal incidence is only
2.40 volts for channel 5 and 4.44 volts for channel
3. These figures are based on calculations using

>=J?f°
* Jo

(22)

taking the sun as a 5800° blackbody for channel 3
and a 6000° blackbody for channel 5.

2.7 Summary of the Calibration
When a certain value of effective radiant cmit-

tance W0 is viewed by the radiometer through a
given side with a given radiometer housing tem-
perature Tc, an output signal V0 results. This is
shown diagrammatically in Fig. 10(b) where the
case is taken when the radiation enters the floor



side. If the signal V0=V1 is used with the "nor-
malized" case (wall side, 7T

C=25°), an effective
radiant emittance Wi is obtained. When the Д
correction is applied to tho corresponding uncor-
rected digital number Z?0, (shown in Fig. 11 (a)
for a case when 7^=60° C) and the resulting
digital number Д is used with the normalized W
vs. D curve (Fig. ll(b)), the same radiant emit-
tance Wi is obtained, as can bo soon from Figs.
10(c) and 10 (d). Thus, Wi is corrected for Ts

but not for side or Tc.
It was assumed that in the normalized case

the function Vrat=j (W) was linear and could be
expressed as

Vraf=ku(Tc=25° C)[W— K"] (23)

There is now some doubt as to whether this
assumption is correct. From the definitions of
V,, Va, and Vt given in Fig. ll(c), it follows that
Vs=aßVi and from the linearity relation

(24)

(25)

is obtained. Solving for Wt gives

Wi=aß[Wl-K"]+K"

Since Wa=W0 this is the final effective radiant
emittance value desired.

In summary, in order to obtain an effective
radiant emittance value it is necessary to know
DO, Tc, and Te. With Ts using the curve D0 vs.
A. the electronic correction Д is obtained. The
digital number A corrected for Ts is computed
from

Using A with the D vs. W curve, Wi is obtained.
With Tc the a and ß factors are obtained from the
a vs. Tc and ß vs. Tc curves respectively. Finally
W8 is computed using

III. DATA PROCESSING

3.1 Information Flow in the Satellite
The radiation experiment instrumentation is

independent of the television camera system ex-
cept for power, command, certain timing signals
and antennas (Fig. 34). ' The output of the five
medium resolution radiometer channels is fed to
five subcarrier oscillators. These voltage con-
trolled oscillators are of the phase shift type
with symmetric amplifiers in the feedback loops,
the gams of which are controlled by the balanced
input signal. A sixth channel is provided for
telemetry of the wide angle low resolution sensor
data, environmental temperatures, instrumenta-
tion canister pressure, and calibration. A me-
chanical commutator switches resistive sensors in

one branch of a phase shift oscillator. The
seventh channel, a tuning fork oscillator, serves
as a reference frequency and timing signal. The
outputs from these seven different channels are
summed and the resultant composite signal equal-
ized in a record amplifier which drives the head
of a miniature tape recorder. An oscillator pro-
vides an alternating current bias to the record
head and the signal required for the erase head.
For convenience, erase 01 the magnetic tape occurs
immediately before recording. The record spec-
trum extends from 100 cps to 550 cps. The tape
recorder is an endless-loop, two-speed design
running at 0.4 ips record and 12 ips playback
speed. The endless loop records continuously,
day and night, except during a playback sequence.
A hysteresis synchronous motor generates torque
in the record mode through a mylar belt speed
reduction. The fourth subharmonic of the tuning
fork oscillator generated by flip flops drives the
motor. The record motor also drives a cam shaft
which activates a bank of micro switches con-
nected to the five commutatod sub-channels of
the time-sharing sixth channel. Each is sampled
six seconds and the fifth includes a group of seven
to bo sub-commutated.

Playback is initiated upon command by ap-
plying power to a direct current motor. A
magnetized flywheel generates a frequency propor-
tional to the motor speed. A frequency discrimi-
nator feeds the error signal to the stabilized power
supply of the motor and closes the servo loop.
Playback speed is essentially constant from 0° to
50° C. A low flutter and wow of 2.5% peak-to-
peak measured without frequency limitations is
achieved by using precision bearings and ground-
in-place shafts having tolerances of bettor than 50
parts per million. A command pulse activates the
playback motor, the playback amplifier, and the
238 Me FM telemetry transmitter feeding the
duplexer and antenna.

In order to permit comparison of the low resolu-
tion measurements with TV pictures, each TV
shutter action generates a 1.5 second pulse which
is recor-ded as an amplitude modulation of the
channel seven timing signal. There are nine
solar cells mounted behind narrow slits for north
angle determination. These slits have an opening
angle of close to 180° in planes through the spin
axis. Tho sun illumination generates pulses as
long as illumination parallel to the spin axis is
avoided. One of these sensors generates a 0.5
second pulse in addition to the north indicator
code so that spin rato information and a measure
of relative sun position is available. Again, this
pulso is recorded as an amplitude modulation of
channel sovcn. Reconstruction of the radiation
information vitally depends on its correlation with
absolute time. An accurate but relativo timing
signal is provided by tho tuning fork oscillator and
a crude one by tho sun pulses except when the
satellite is in the earth's umbra. Absolute timo is
transmitted to the satellite and recorded on the



tape as a one second dropout of channel seven.
The occurrence of this pulse is known within milli-
seconds of absolute time.

3.2 Information Flow at the Command and Data
Acquisition Station

Upon interrogation, the 238 Me carrier is re-
ceived by a 60-foot parabolic antenna, and the
composite signal is recorded on magnetic tape
and, simultaneously, fed to a "Quick-Look"
demodulator (Fig. 35a). At the same time, the
envelope of channel 7 and the clipped signal of
channel 4 are graphically recorded. The 8-30
micron "events" on the graphic record show
alternately the earth and sky scan intervals as
the satellite spins and progresses along the orbit,
and the channel 7 envelope shows the three dis-
tinctive types of AM pulses impressed on the
clock frequency during the record; namely, the
sun sensor pulses, the TV camera pulses, and the
"end-of-tape" pulse. Auxiliary uses of the radia-
tion data include determination of the spin axis
attitude in space and the times when television
pictures were taken and recorded in the satellite,
to be read out later over a ground station (Figs.
35b and 35c).

The magnetic tapes are routinely mailed every
day to the Aeronomy and Meteorology Division,
GSFC, in Washington. The master tape con-
taining the composite radiation signal is demulti-
plexed, demodulated and fed to an analog-to-
digital converter (Fig. 36). The pressure is read
separately. The analog-to-digital converter pro-
duces a magnetic "Radiation Data Tape" made
up of 36 bit words suitable for an ШМ-7090
computer.

3.3 Information Flow at the Data Reduction
Center

The IBM-7090 computer program of the Mete-
orological Satellite Laboratory, U.S. Weather
Bureau, requires inputs from four sources to pro-
duce the "Final Meteorological Radiation Tape
(FMR Tape)". One source is the Radiation Data
Tape containing satellite environmental param-
eters in digital form. Another source is the calibra-
tion for converting digital information to meaning-
ful physical units. The "Orbital Tape'' from the
NASA Space Computing Center is used for satel-
lite position and attitude data. In addition, it is
possible to insert attitude data taken from other
sources on punched cards. In practice, this is the
method generally used. The FMR Tape (in
binary form) then is the basic repository of data
from the medium resolution scanning radiometer.
Simultaneously with its publication, a radiation
map of sample data from each channel is produced.
In order to study and utilize the scanning radiom-
eter data, appropriate computer programs must be
written to "talk" to the Final Meteorological
Radiation Tape and provide for printing out data,
punching cards, or producing maps. The make-up
of the IBM-7090 computer program and the

format of the Final Meteorological Radiation
Tape are discussed in detail in Sections IV and V.

IV. FORMAT OF FINAL METEORO-
LOGICAL RADIATION TAPE

TIROS II radiation data will be available on
low density, binary tapes prepared on an IBM-
7090 computer. This FMR tape is the product
of a computer program whose input is the orbital
data, digitized radiation data, TIROS II radiom-
eter calibration package, and satellite attitude.
In addition to the calibrated radiation measure-
ments, the final meteorological radiation tape
also contains geographical locations associated
with the radiation measurements, orbital data,
solar ephemeris, and satellite temperature. The
exact format of these data is described below,
and the purpose of this section is to emphasize
certain features that will aid programmers in
utilizing these data.

Each orbit of radiation data is treated as a
file which contains a documentation record plus
data records that represent one minute intervals
of time. The documentation record is the first
record of each file and contains 14 data words
whose format is described below. Dref was
defined as the number of days between zero
hour of September 1, 1957, and zero hour of
launch day. Julian time counts zero time as
zero hour at Greenwich on the day of launch, thus
launch time is given in GMT and launch day is
zero day, with succeeding days numbered se-
quentially. However, if the satellite life extends
beyond about 100 days, the value of dref is
redefined by adding approximately 100, while the
Julian day is decreased by the same amount.

Each record of data covers approximately one
minute of time, and the data are found in the
decrement (D) and address (A) of each data word.
The record terminates with the end of swath in
progress at 60.0 seconds past the minute specified
in words ID, lA, and 2D. In the case of satellite-
earth orientation such that the radiometer con-
tinuously scans the earth for more than one
rotation of the satellite, the record will terminate
with the end of the revolution in progress at 60.0
seconds past the minute specified in words ID,
1A, and 2D. The End of File will be duplicated
at the end of the last file on each Final Meteoro-
logical Radiation Tape.

The Greenwich Hour Angle and Declination of
the sun are computed for each even minute and
these values agree with the Air Almanac within a
small fraction of a degree. The declination of the
sun docs not carrv a sign to indicate north or south
direction. In tlie case of TIROS II data, this
value is south declination from time of launch to
the Vernal Equinox which occurred at 2032 hours
GMT, 20 March 1961. TIROS II radiation data
extends from time of launch to orbit 2071 which
occurred on April 13, 1961. All orbits after
number 1721 occurred after the Vernal Equinox;



hence, the value of the solar decimation for these
orbits is positive (or north).

For each earth viewing swath, the radiation
measured from each of the five channels in the
medium resolution radiometer is reported in
watts/meter2. For each fifth measurement in a
swath, the point on earth being "viewed" by
the radiometer is defined in terms of latitude and
longitude. These computations are based on the
best estimate of satellite attitude.

In order that the user may distinguish between
data from the wall and floor sides of the satellite,
the data words which contain energy expressed
as watts/meter2 are labeled with a 1 in position
19 when the wall side of the satellite is viewing
the earth. When the observed swath size exceeds
the calculated theoretical size, the remaining
earth viewing responses are retained with a
negative sign. The user should realize that if the
signal from the satellite becomes noisy, the swath
sizes are abnormal, and the data can bo labeled
and located incorrectly.

At the end of each earth viewing swath, two
additional data words contain the end of swath

code, the minimum nadir angle of the radiation
optic axis occurring in this swath, and the latitude
and longitude of the point on earth being "viewed"
by the radiometer when the minimum nadir angle
occurred.

The block of data from words 6D to 24A will
be repeated, thus defining every fifth measure-
ment in a swath. The address of the third word
in the last response of a swath will contain
010101010101010 to signal end of record. How-
ever, since the End of Tape signal can occur at
any point, the last data record in any file may
terminate at any point. Thus, when the End of
Tape occurs, words N and N-\-l are inserted
without the minimum nadir angle computation
and the special End of File code word is added as
the last word appearing on tape.

Occasionally dropouts are encountered and the
corresponding data records contain no radiation
data. In such cases the radiation data record
contains only five words (ID to 5A) which docu-
ment the record with respect to time. In such
records the datum in address of the third word
(Tc) is destroyed by the End of Record code.

FORMAT OF FINAL METEOROLOGICAL RADIATION TAPE

Documentation Record

Word No.

1-

2-

3-
4-
6-
6-
7-
8-
B-
10-
11-
12-
13-
14-

DOO

DOC-\

DOCH
DOC-
DOC-
DOC-
DOC-
DOC-
DOC-
DOC
DOC
DOC
DOC
DOC

1.П

i_2)
•3).
•4)

-0)
\-T).
-8)
+9)

Í"0

Quantity

Drei

Date

Day
Hour

Day
Hour
Minute .
Seconds
Satellite Spin Rate
Frequency
Orbit No

Units

Julian day
Zhour
Z minute

Julian day
Zhour
^minute
Z seconds
Dog/See
86,72,144

Scaling

Л-Зб

Л-Зб
Л-Зб
Л-88
Л-20
Л-Зб
Л-Зб
В-Зб
Л-20
Л-20
В-38
В-36
Л-38

Remarks

Number of days between toro hour of Sept. 1, 1987, and toro hour
of launch day.

Date of Interrogation expressed as a packed word, I.e. Sept. 2, 1960
would bo (090200)io or (110274)«.

Those numbers are shifted to extreme right side of data word.

Start time of this file of radiation data.

Time of Interrogation, I.e. end time of this file of radiation data.

Satellite spin rate (accuracy about 0.01 deg/sec).
Data sampling frequency (cycles of a 680 КС tuning fork).
Orbit No. at time of Interrogation.
Code defining ground station ("1" for Kort Monmouth, Now

Jersey; "2" for San Nicolas Island, California).

Format of F MR Tape—ЛГ'* Record

ID
IA
2D
2A
3D
ЗА
4D
4A
8D

8A

6D

OA

7D

7A

8D

8A

Day

QHA
Docl
Tcт„
Height
Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Nadir Anglo _

Degrees
Degrees
Degrees К
Degrees К
Kilomotors
Degrees

Degrees

Degrees

Degrees

Degrees

Degrees

Д-17
B-36\
B-17/
Л -29
Л-11
Я-Зб
Л- 17
Л- 35
B-ll

В-29

В=8

Л -29

Л-11

Л-20

В-11

В-29

Julian Day.
Z timo In day specified In word ID.
Greenwich hour angle and declination of the sun at time specified

In words ID, 1A and 2D. Sign of the (Inclination Is not stored
Reference temperature of the medium resolution radiometer.
Reference température of the maindock electronics.
Height of satellite at time specified In words ID, IA, 2D.
Latitude of subsatellito point at time specified in words H), 1A,

2D. 90 degrees are added to all latitudes to yield positive num-
bers.

Longitude ot subsatellito point at time specified in words ID, 1A,
2D. Longitudes are reported as 0 to 300 degrees, with west being
positive.

Seconds past time specified li\ words ID, 1A. 21) when first oartl»
viewing response is detected, and every fifth response thereafter.

Latitude of subsatcllllo point at time sjieclQod In words 11), 1A
21), 01). 90 degrees ore added to all latitudes to yield positive
numbers.

Longitude of subsatolllto point at time specified In words ID, 1A,
2Ü, 01). Longitudes are reported as 0 to 800 degrees, with west
being positive.

Latitude of point on carlli being "viewed" by radiometer at time
specified In words ID, 1A, 21), OD. 90 degrees arc added to all
latitudes to yield positive numbers.

Longitude of point on earth being "viewed" by radiometer at time
specified In words ID, IA. 2D, OD. Longitudes are reported as 0
to 860 degrees, with west being positive.

Nadir Anglo of optic axis from radiometer to point specified In words



FORMAT OF FINAL METEOROLOGICAL RADIATION TAPE—Continued

Format of FMR Tape—N"1 Record—Continued

Word No.

9D

9A
10D .. .
10A
11D
11A
12D
12A
13D
13A
14D
J4A
18D
ISA
18D
16A
17D
17A
18D
18A
19D
19A
20D
20A
21D
21A
22D
22A
23D
23A
24D-.
24A

Quantity

Azimuth

Zftro -

ï
7
I

7

\
7

Гг
^
'r

Ch. 1
Ch. 2
Ch. 3
Ch.4
Ch. 6

о .

Ra i
^Ch. 3
rlcb. 4
Г(СЬ. 6
BTO~
V\
У7
РГ

1
W
Zer

ï
Zer

Ch. 1
Ch. 2
Ch. 3
Ch.4
Ch. 6

Ch. 1
Ch. 2
Ch.3
Ch.4
Ch. 8

0 .-- -
Ch. 1
Ch. 2
Ch.3
Ch.4
Ch. в

0 ..

.

.

.

_

. - -

.

Unite

D

Watte/meter'
Watte/meter9

Watte/meter1

Watts/meter'
Watts/meter'

Watts/meter'
Watts/meter'
Watts/meter'
Watte/meter9

Watte/meter'

Watts/meter'
Watts/meter1

Watts/meter*
Watts/meter'
Watte/meter*

Watts/meter'
Watte/meter*
Watte/meter1

Watte/meter1

Watts/meter'

Watts/meter»
Watts/meter1

Watts/meter'
Watts/meter'
Watts/meter1

Scaling

B-ll

В-14
В-32
в-и
В-32
В-14

£-14
В -32
В-14
В-32
В-14

В-14
В-32
В-14
В-32
В-14

В-14"
В-32
В-14
В-32
В-14

В-14
В-32
В-14
В-32
В-14

Remarks

Azimuth angle of optic axis from radiometer to point specified In
words 7A, 8D. This angle Is measured clockwise and expressed
as a positive number.

Energy measured by each of the five medium resolution channels at
time specified in ID, 1A, 2D, 8D when radiometer Is "viewing"
point on earth described In 7A, 8D.

The data sample Immediately following the measurement recorded
In words 10D-12A.

The data sample Immediately following the measurement recorded
In words 13D to ISA.

The data sample Immediately following the measurement recorded
In words 16D to 18A.

The data sample Immediately following the measurement recorded
In words 19D te 21A.

The block of data from words 6D to 24A will be repeated, thus defining every fifth point in a swath.
The address of the third word in the last response of a particular swath will contain 010101010101010
to signal the end of record. Each time the swath terminates, two words (N and N+l) will follow the
last "earth-viewing" response with the following format. When the EOT is encountered, an additional
word (Л^+2) is inserted to indicate End of File.

Word No.

ffD
NA

(N+DD

(N+1)A

N+2

Quantity

Code .
Nadir Angle

Latitude

Code

Units

111111111111111
Degrees

Degrees

Degrees

11001100 etc

Scaling

B-29

B-ll .

B-29...

Remarks

Code Indicating end of swath. , .
The minimum nadir angle that occurred In the previously defined

Latitude of point on earth being "viewed" by radiometer when the
minimum nadir angle occurred. 90 degrees are added to all
latitudes to yield positive numbers.

Longitude of point on earth belli "viewed" by radiometer when
mfnumum nadir angle occurred. Longitudes are reported as 0
to 300 degrees with west bei ig positive. , . . . , . . ,

Code word indicating end of Die. Occurs only In the last record of
a file.

V. IBM-7090 COMPUTER
FLOW DIAGRAM

The final meteorological radiation tape, de-
scribed in the previous section, is prepared with an
IBM-7090 computer program whose input con-
sists of orbital data, digital radiation data, TIROS
II radiometer calibration package, and satellite at-
titude. The flow chart shown in Fig. 37 outlines
the logical steps in this program and thus gives
some insight into the mechanics of preparing these
tapes. The flow chart has been greatly condensed
since it is impossible to present a detailed flow
chart within the space limitations of this publica-
tion.

The first phase of this program sets up the docu-
mentation data, and then reads the entire file of
radiation data to compute the start time from the

8

End of Tape time and data sampling frequency.
Given the starting and ending times, the program
then searches the orbital tape to find orbital data
(subsatellite point, height, nadir angle, right as-
cension and declination) covering the same time
interval. These data are then arranged in tables
as a function of time so that interpolation sub-
routines can be used in the second phase to obtain
values of the orbital characteristics for any speci-
fied time.

At this point, an optional feature allows the
program to accept the attitude data from the
orbital tape, or an alternate estimate of the atti-
tude from a second documentation card. If the
alternate attitude is accepted, the nadir angles are
recomputed.

The second phase of the program reduces the
digitized radiation data into useful meteorological
data. This begins with a detailed examination



of the radiation data to distinguish between earth
and apace viewed data. This distinction is based
on an arbitrarily defined threshold value applied
to channel 4 up to orbit 649, and channel 2 from
orbit 650 to orbit 2071. Both sensors are assumed
to be viewing space when the measured radiation
falls below the threshold value, and one sensor
is viewing the earth when the measured radiation
exceeds the threshold value.

For each earth-viewing swath the program pro-
ceeds to determine which sensor is viewing the.
earth, computes the latitude and longitude of the
point on the earth being "viewed" by the radiom-
eter for each fifth measurement in the swath, and
converts the digitized data into radiant emittanco
units for each measurement in the swath. The
data words containing radiation measurements
contain a 1 in position 19 when the wall sensor is
viewing the earth. When the swath size exceeds
the theoretically computed number of responses,
the remaining earth-viewing measurements are
retained with a negative sign.

Each record on the final meteorological radia-
tion tape covers approximately one minute of
time and terminates with the end of swath in
progress at 60.0 seconds past the minute. When
the End of Tape is encountered, the program
writes the last data record and reinitializes in
preparation for the next orbit of radiation data.

VI. POST-LAUNCH OBSERVATIONS
AND DEVELOPMENTS

The formulation of the data processing pro-
cedures was based on the original concepts of the
way in which the radiometer was supposed to
perform. Since that time further experience with
the radiometer has indicated characteristics which
depart from these basic concepts. Because of the
effects of these characteristics on the accuracy of
the experiment, it is necessary to give them some
consideration.

The calibration described in Section II indicates
the function Vrai=f(W) departs somewhat from
linearity in the three thermal channels. The
greatest departure occurs for small values of W.
Channel 1 shows the largest non-linearity and
channel 2 the least.

The radiometer output was measured in tho
laboratory prior to launch with both targets at
room temperature. Since tho difference in radia-
tion between the wall side and floor side was
zero, this was taken to bo the zero radiation level.
It was assumed this level would be tho same when
both optics were viewing outer space. However,
shortly after launch it became apparent that tho
space viewed levels of the three thermal channels
were higher than the zero levels measured in the
laboratory. The levels varied somewhat as timo
progressed. Figs. 38 through 42 show tho time
histories of tho space-viowod levels compared with
the time history of the radiometer housing tem-
perature. Tho housing temperature shown for a

given orbit represents an average taken over that
orbit. The variations in housing temperature
and electronics temperature over a sample orbit
are shown in Fig. 43. There appears to bo cor-
relation between housing temperature and space
viewed level in channel 1 and to a lesser extent in
channel 4.

Other symptoms developed in the radiometer
output as time progressed. From about orbit 600
on, channel 1 displayed an extremely high space
viewed level with the signal going in a negative
sense from this level when the wall optic scanned
the earth. The signal remained positive with
respect to the space viewed level wnen the floor
side scanned the earth.

Channel 4 displayed a small negative going
signal at the beginning of the earth scan on tho
wall side, but the signal returned positive and
became apparently normal as the scan progressed.
The floor side did not display this characteristic.
The effect appeared slightly from the beginning,
but did not become pronounced until after orbit
650. From this time on, the performance of
channel 4 decayed steadily. An imbalance be-
tween wall and floor side became noticeable, with
tho wall displaying consistently lower signals than
the floor. The history of these effects is shown in
Fig. 44.

The wall optic was exposed to direct sunlight
during the orbits 115 to 220, 752 to 772 and 1025
to 1046. It is probable that some type of damage
incurred during those periods resulted in the
effects observed in channel 1 and contributed to
those seen in channel 4. Possibly the transmission
of the wall half of the filter was altered, loading to
radiation components originating internally, pro-
ducing tho effects observed in channel 1.

Radiation components originating within tho
radiometer and having phase angles different from
tho external radiation are possibly responsible for
the high space viewed levels observed. The
analysis of such a situation turns out to bo rather
complex and no satisfactory model has boon found
which would lead to a possible method of correct-
ing the data for this effect. An investigation of
tho problem is now under way and will continuo.

The formulation of the a and ß corrections is
probably no longer rigorously correct, due to
non-linearity of the response and lack of sym-
metry between wall and floor side. However, in
general these corrections are relatively small and
do not contribute greatly to the overall accuracy.

VII. CONCLUSIONS

The accuracy of the absolute values of the
measurements suffers somewhat duo to the several
sources of uncertainty involved. These include
the problems associated with the determination
of the effective spectral response, the assumptions
involved in the a and /3 correction formulation,
and the space viewed level problem.

9



The greatest uncertainty is due to the apparent
shift in the zero radiation level. The error intro-
duced by not correcting for this effect is probably
largest at low equivalent blackbody temperatures,
becoming smaller with increasing temperature.
The significance of the data is doubtful beyond
orbit 600 for channel 1 and orbit 650 for channel
4 due to the degradations which developed in the
output of these channels.

Rather than withhold publication of the data
until a study of the space viewed level problem is
completed, it was thought desirable to make the
data available to the scientific community at this
time. As the study progresses, inquiries and/or
ideas concerning this problem are invited.
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TABLE II.—Filter and lens materials

Lens 1

Lens 2

Lens3

Fil terl

Filter 1...

FIlter3

Channel 1

Germ ni with two Id
anti-reflection coated

Germanium with two sides
anti-reflection coated

Germanium immersion lens
at detector

Band pass Interference type
centered at 6.8 microns

None

None

Channel 2

G
aides anti-reflection
coated

Germanium with two
sides anti-reflection
coated

None

Indium A n t i m o n l d o
(InSb)

Arsenic Trlsulfldo (As S >

None

Channel 3

Barium Florid«
(BaFj)

None

None

Nonn

None

Channel 4

KRS 6 (Thalllum-bro-
mo-lodldo)

Nono

N

Indium Ant lmonido
anti-reflection coated

N

None

Channel b

Sapplilro (AljOj)

Silicon Dioxide (81 Oi)

None

Infrared Industries
Typo 2,890,118В

Infrared Industries
Typo 289,OU,e08

One-eighth inch thick
Chance Glass
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TABLE III.—Effective spectral response, channel 1 TABLE VII.—Effective spectral response, channel Г>

X
(microns)

8.72
8.76
{.SO
5.84
6.88
8.82
B. 96
6.00
0.04
6.08
6.12

ф\

0.007
.012
.019
.032
.040
.070
.mo
.248
.2811
.364
.372

X
(microns)

П. IO
П. 20
Л. 24
0. 2S
П. 32
(i. 3«
(1 40
n 44
(1. 48
fi. ,12
r, só

0A

0.378
.388
.305
.1011
110
422
4„>:t
400

. .1114

.272

. 184

\
(microns)

e. (Ю
0.04
0.08
0.72
0.70
0.80
0. M
0.88
0.92
П. 80
7.00

ф\

0.131
.080
.054
.027
.014
.010
.008
.000
.004
.002

0

TABLE IV, — Effective spectral response, channel #

X
(microns)

7.18
7.2
7.4
7.0
7.8
8.0
8.2
8.4
8.0
8.8
9.0
9.2
9.4
9.6
9.8

10.0
10.2

ф>.

0
.010
.122
.240
.309
.322
.828
.350
.384
.404
.431
.460
.408
.472
.476
.464
.464

X
(microns)

10.4
10.0
10.8
11.0
11.2
11.4
11.0
11.8
12.0
12.2
12.4
12,0
12.8
13.0
13.6
14.0
14.6

Ф\

0.402
.473
.402
.444
.438
.478
.413
.380
.310
.204
.203
.142
.133
.121
.043
.010

0

X
(microns)

15.0
18.8
10.0
10.8
17.0
17.8
18.0
18.6
19.0
ID. 5
20.0
20.6
21.0
21.6
22.0
22.2

*>

0.000
.018
.034
.039
.040
.036
.031
.028
.018
.013
.009
.007
.004
.003
.001

0

TABLE V.—Effective spectral response, channel 3

x
(microns)

0.20
.88
.60
.62
.74
.86
.98
1.10
1.22
1.34
1.40
1.88
1.70
1.82
1.94
2.06
2.18
2.30
2.42

*>

0.600
.723
.767
.778
.786
.790
.791
.796
.798
.707
.790
.806
.811
.817
.818
.818
.820
.820
.820

X
(microns)

2.64
2.60
2.78
2.90
3.02
3.14
3.20
3.38
3.60
3.02
3.74
3.80
3.98
4.10
4.22
4.34
4.40
4.68

«л

0.824
.828
.828
.828
.824
.833
.828
.828
.828
.828
.830
.838
.838
.838
.838
.830
.838
.838

X
(microns)

4.70
4.82
4.94
6.00
6.18
6.30
6.42
6. 64
6.00
8.78
5.90
0.02
a 14
0.20
0.60
7.00
7.20
7.00

Ф\

0.820
.808
.800
.788
.768
.766
.727
.607
.077
.083
.012
.671
.483
.418
.290
.060
.060
0

TABLE VI.—Effective spectral response, channel 4

x
(microns)

7.2
7.4
7.6
7.8
8.0
8.2
8.4
8.6
8.8
9.0
9.2
9.4
0.0
9.8

10.0
10.2
10.4
10.0
10.8
11.0
11.2
11.4

ф1

0
.076
.170
.231
.269
.200
.283
.301
.308
.300
.310
.308
.300
.309
.308
.310
.300
.306
.297
.286
.21)4
.354

X
(microns)

11.0
11.8
12.0
12.2
12.4
12.0
12.8
13.0
13.2
13.4
13.0
13. S
14.0
14.2
14.4
14.0
14.8
16.0
16.2
16.4
16.0
16.8

Фь

0.337
.348
.331)
.316
.274
.209
.240
.240
.262
.200
.245
.205
.290
.274
.216
.196
.178
.107
.105
.170
.180
.187

x
(microns)

16.0
10.2
10.4
10.0
16.8
17.0
18.0
19.0
20.0
21.0
22. 0
23.0
24.0
26.0
20.0
27.0
28.0
29.0
30.0
31.0
32.0
32.0

«k

0.191
.107
.201
.202
.204
.204
.104
.198
.209
.218
.20«
. 194
.180
.198
.102
.171
.113
.107
.092
.070
.038

0

X
(microns)

0.306
.395
.426
.468
.4X6
.616
.546
. кг г,
. 005
. «35
. ад
. (»6
.710
.725
.733
.756
.776
.785

ф\

0
.002
.002
.003
.020
.170
.OSO
.622
.420
. МО
.640

• .400
.360
.400
.430
.220
.023
.010

X
(microns)

0.816
.846
.875
.006
. 035
. »05
.1105

1.026
1.055
1.085
1.116
1.146
1. 175
1.205
1.4Л
1.S5
l.Oíi

Ф\

__

0
0
0
0
0
0
0
0
0
0

. 00,1

.023

.020

.015

.020

. 038

.0.11

x
(microns)

1.7S
1.86
1.ÖS
2.05
2.15
•J. 25
2. 3S
2. 45
2. 55
•2. M

2. SS
2. «fl
S. (M
3.15
3. M
3. 35

*>

11. 054
. Olwl

07.4
. 122
. 1Л4
. 136
. 1IM
. 124

Г1.Ч
. US

(I.W
«!8

.0111
«17

. 003

. 001
0

TABLE VIII.—TW vs. W, Channel l

TUB (° К.)

180
200
220
230
240
260
200
280
300
820
340

W (WftttS/»|!)

0.028
.100
.282
.442
.608
.U78

1.38«
2.002
4.48П
7.227

11.010

TADLE IX.—TDO vs. И', Clmimel 2

Taa (° К.)

140
100
180
200
220
240
260
280
300
320
340

U" (wutts/Tri')

0.42
1.20
3.01)
0. 45

11.93
20.11
31.80
46.77
65.71
88. ПО

110.39

Тлпыз Х.—Т„„ vs. W, Channel 4

Т, в (" К.)

200
240
2fi()
280
300
320
340

W (wi\Us/m>)

14.03
;«.ßd
49.04
»7. 20
88.41)

112.81
142. 08

605807 О -61 -Z
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CHOPPER AXIS, PARALLEL TO SPIN AXIS OF SATELLITE
Figure 1 —Block diagram of one channel of the medium resolution scanning radiometer.



Figure 2—The effective spectral троих of channel 1 versus wavelength.



Figure 3—The effective spectral response of channel 2 versus wavelength.



Figure 4—The effective spectral response of channel 3 versus wavelength.



Figure 5—The effective spectral response of channel 4 venus wavelength.



Е

Figure 6—The effective spectral response of channel 5 versus wavelength.
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Figure 7—The effective radiant emittance W of channel 1 versus equivalent blackbody temperature TBB- The curve
was computed using the integral defining W.
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Figure 8—The effective radiant emittance of channel 2 versus equivalent blackbody temperature.
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Figure 9—The effective radiant e mi t tance of channel 4 versus equivalent blackbody temperature.



SATELLITE\" SAILLL M tv - GROUND STATION

N\ 1 FIVE-CHANNEL
(WAU-ГхЧ SCANNING RADIOMETER VRAO

VOLTAGE CONTROLLED
OSCILLATOR

(TE)

FSC 30FSC DEMODU-
LATOR

A-D
CONVERTER

I (FLOOR> N

^ ______ ^ OUTER_SPACE
f(VRAD, TE)

(0)

D-f(Fsc)

<0

X1

RAD 30F«se

(b) (с) (d)
Figure 10—(á) Schematic representation of transfer functions associated with instrumentation in the satellite and at

the ground station, (b) Three -dimensional representation of the response of the five-channel scanning radiometer.
(c) The response of the voltage controlled oscillator shown as a parametric function of the electronics temperature
TE- (d) The method of introducing an electronics temperature correction Д.
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Figure 11—(a) Digital number correction increment Д versus unconnected digital number D0 as a parametric Function

of the electronics temperature TK. (b) Application of the Д correction to obtain an effective radiant emittance
corrected for TK only, (c) Definition of the balance correction factor tt.



TEMPERATURE STABILITY:

1.5

1.0

0.5

25 °C

(a)

FROM [8] AND [9]

[10]

FROM [7] AND D I]

[12] v3 «a/3K'(w,-K") = K'(w3-K")

[13]

(b)

Figure 12—(a) Definition of the temperature stability factor ß. (b) Derivation of the formula used in obtaining
the final corrected effective radiant emittance.
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THERMAL CHANNELS I.2.AND4

W

w.

REFERENCE TARGET AT TEMPERATURE T,

"HOT" TARGET AT TEMPERATURE T2

VRUDI

К"

(Q)

VISIBLE CHANNELS 3AND5

00
DIFFUSE SOURCE:

y y / _ COS8 l

R8 J

SUN AT NORMAL INCIDENCE ON
ALBEDO i.o SURFACE;

W*- K"
W' - K"

(b)

VLAMP

Figure 13—(a) Calibration of the thermal channels 1, 2, and 4. (b) Calibration of the visible channels 3 and 5.
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Figure M — Digital number correction increment versus unconnected digital number with electronics temperatur

a parameter for channel 1.
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Figure 15—Digital number correction increment versus uncorrected digital number for channel '2.



to Figur/ 16 — Digital number correction increment versus unconnected digital number for channel 3.



Figure 17—Digital number correction increment versus uncorrected digital number for channel 4.



Figure 18 — Digital number correction increment versus uncorrected digital number for channel 5.
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Figure 19 — Balance correction factor versus radiometer housing temperature for channel 1.
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Figure 20—Balance correction factor versus radiometer housing temperature for channel 2.
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Figurt 21— Balance correction factor versus radiometer housing temperature for channel 3.
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Figure 23—Balance correction factor versus radiometer housing temperature for channel 5.
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Figure 24—Thermal stability correction factor versus radiometer housing temperature, channel 1.
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Figure 25—Thermal stability correction factor versus radiometer housing temperature, channel 2.
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Figure 27—Thermal stability correction factor versus radiometer housing temperature, channel 4.
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Figure 28—Thermal stability correction factor versus radiometer housing temperature, channel 5.
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Figure 29—Effective radiant emittance versus digital number for the "normalized case" (wall side, Tc = 25° С,
ТЕ = 25° С); channel 1.



Figure 30—Effective radiant emittance venus digital number for the "normalized caie," channel 2.
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Figure 31 —Effective radiant emittance versus digital number for the "normalized case," channel 3.
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Figure 52 —Effective radiant emittance versus digital number for the "normalized case," channel 4.



Figure 33—Effective radiant emittance versus digital number for the "normalized case," channel 5.
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Figure 34—Block diagram of the radiation experiment in the satellite.
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Figure 35—Block diagram of information flow at a data acquisition station including auxiliary uses of the radiation data.
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INITIALIZE PROGRAM

READ DOCUMENTATION RECORD FROM ORBITAL
TAPE AND RADIATION DIGITAL TAPE. READ
DOCUMENTATION CARD.

COMPUTE START TIME FOR THIS FILE OF
RADIATION DATA

FIND ORBITAL DATA COVERING SAME TIME
INTERVAL AS RADIATION DATA

IS ATTITUDE ON ORBITAL TAPE ACCEPTABLE

NO

READ CARD CONTAINING ALTERNATE ATTITUDE
DATA. RECOMPUTE NADIR ANGLES FOR NEW
ATTITUDE.

FORM AND WRITE DOCUMENTATION RECORD
FOR FMR TAPES

READ A RECORD OF RADIATION DATA. START
FORMATION OF OUTPUT DATA RECORD. COM-
PUTE SOLAR E PHEMERIS. Tc, TE .HEIGHT.
AND SUBSATELLITE POINT

EXAMINE RADIATION DATA WORDS IN SEQUENCE
FILLER - DISCARD AND TRANSFER TO III
TV CODES - STORE TIME OF EVENT + DATA FROM

WIDE FIELD RADIOMETER. TRAN-
SFER TO III

SS CODES - STORE TIME OF EVENT. TRANSFER
TO III

EOR CODES - TRANSFER TO II
EOF CODE - TRANSFER TO VII
RADIATION DATA - TRANSFER TO HI IF BELOW

THRESHOLD. PROCEED IF
ABOVE THRESHOLD

COUNT AHEAD AND DETERMINE SIZE OF THIS
SWATH

DETERMINE WHICH SENSOR IS VIEWING EARTH

(a)
Figure 37—(a, b, antic) Flow diagram for the IBM-7090 computer program uied in reducing the radiation data.
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IS SENSOR VIEWING ENTIRELY BELOW HORIZON

YES NO

DISCARD THIS SWATH IF
FEWER THAN 11 RESPONSES

COMPUTE THEORETICAL
NUMBER RESPONSES
FOR THIS SWATH,
DO OBSERVED AND
THEORETICAL NUMBER
OF RESPONSES AGREE
WITHIN ACCEPTABLE LIMITS

IYES
DETERMINE HEIGHT. SUBSATELLITE POINT. AND
SPIN AXIS POINT FOR THIS TIME

MITS

NO
"̂""™

RECORD TIME, THEORETICAL
DATA, OBSERVED DATA,
AND NADIR ANGLE FOR
FUTURE REFERENCE

COMPUTE LAT. AND LONG. OF "VIEWED" POINT,
NADIR ANGLE AND AZIMUTH ANGLE OF OPTIC
AXIS FROM RADIOMETER. IF "VIEWED" POINT IS
OFF EARTH. TRANSFER TO III. IF ON EARTH
CONTINUE.

CONVERT DIGITAL RADIATION DATA INTO ENERGY
UNITS. BIT 19 = 1 IF DATA ORIGINATES FROM
"WALL" SIDE OF SATELLITE

CONTINUE EXAMINATION OF RADIATION DATA
AND FIND NEXT RADIATION MEASUREMENT.
FILLER - DISCARD AND TRANSFER TO IV
TV CODES - STORE TIME OF EVENT, AND DATA FROM

WIDE FIELD RADIOMETER. TRANSFER
TO IV

SS CODES - STORE TIME OF EVENT. TRANSFER TO IV
EOR CODE - READ IN NEXT RECORD. TRANSFER TO IV
EOF CODE - TRANSFER TO VII
RADIATION DATA - IF END OF SWATH, TRANSFER

TO VI. OTHERWISE CONTINUE

_L
CONVERT DIGITAL RADIATION DATA INTO
ENERGY UNITS. BIT 19 = 1 IF DATA ORIGINATES
FROM "WALL" SIDE OF SATELLITE. SIGN IS
NEGATIVE WHEN SWATH EXCEEDS THEORETICAL
VALUE. TRANSFER TO IV UNTIL 4TH RESPONSE
HAS BEEN PROCESSED. THEN CONTINUE

CONTINUE EXAMINATION OF RADIATION DATA
AND FIND NEXT RADIATION MEASUREMENT.
TREAT FILLER, TV, SS, EOR, AND EOF CODES
AS PREVIOUSLY DESCRIBED.
RADIATION DATA - IF END OF SWATH. TRANSFER

TO VI. OTHERWISE CONTINUE

(b)
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I
DETERMINE HEIGHT. SUBSATELLÍTE POINT
AND SPIN AXIS POINT FOR THIS TIME,

COMPUTE LAT. AND LONG. OF "VIEWED"
POINT, NADIR ANGLE AND AZIMUTH ANGLE
OF OPTIC AXIS FROM RADIOMETER.IF
"VIEWED" POINT IS OFF EARTH, TRANSFER
TO VI. IF ON EARTH CONTINUE.

CONVERT DIGITAL RADIATION DATA INTO
ENERGY UNITS. BIT 19 = 1 IF DATA ORIGI-
NATES FROM "WALL" SIDE OF SATELLITE
SIGN IS NEGATIVE WHEN SWATH EXCEEDS
THEORETICAL VALUE.

COMPUTE MINIMUM NADIR
ANGLE, AND CORRESPONDING
LAT. AND LONG. OF "VIEWED"
POINT FOR THIS SW\TH

HAVE 60 SECONDS
ACCUMULATED SINCE
LAST EVEN MINUTE

YES

COMPLETE DATA RECORD
AND WRITE THIS RECORD
ON TAPE

COMPLETE THIS DATA
RECORD INCLUDING END
OF FILE CODE. WRITE
RECORD ON TAPE . WRITE
END OF FILE ON OUTPUT
TAPES

REINITIALIZE PROGRAM
FOR NEXT FILE OF DATA .
IF LAST FILE, DUPLICATE
END OF FILE

-0
(C)
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TIME HISTORY OF THE SPACE VIEWED DIGITAL NUMBER
Channel /

100

1000 1200
ORBIT NUMBER

i i ï
70 80 90

JULIAN DAY
Figure 38—The time history of the channel 1 space viewed digital number (both radiometer optics viewing outer

space simultaneously) shown as a solid line. The radiometer housing temperature time history is shown for
comparison as a broken line.
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TIME HISTORY OF THE SPACE VIEWED DIGITAL NUMBER
Channel 2
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Figure 39—The time history of the channel 2 space viewed digital number shown as a solid line. The radiometer
housing temperature time history is shown as a broken line.



TIME HISTORY OF THE SPACE VIEWED DIGITAL NUMBER
Channel 3
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Figure 40—Time history of the channel 3 space viewed digital number shown as a solid line,
housing temperature time history is shown as a broken line.
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TIME HISTORY OF THE SPACE VIEWED DIGITAL NUMBER
Channel 4
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Figure 41— Time history of the channel 4 space viewed digital number shown as a solid line,
housing temperature time history is shown as a broken line.
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TIME HISTORY OF THE SPACE VIEWED DIGITAL NUMBER
Channel 5
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Figure 42—Time history of the channel 5 space viewed digital number shown as a solid line,
housing temperature time history is shown as a broken line.
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TIROS SATELLITE TEMPERATURE VARIATION
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Figure «-The variation in electronics package temperature TE and radiometer bousing temperature Tc over a
two-orbit penod. The dark and sunlit portions of the orbits are indicated. Due to the small variations, values
of ТЕ and To averaged over an orbit were incorporated in the data reduction.



CHARACTERISTIC SIGNAL ANALOGS VS ORBIT NUMBER
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Figure 44—Time history of the characteristic analog signals of each channel a» they appeared on oscillpgraphic rec-
ords. Degradation of channels 1 and 4 became pronounced after orbits 600 and 650 respectively.


