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FOREWORD 
This combination Catalog and Users’ Manual follows the same docu- 

mentation format for the TIROS VI1 five-channel medium resolution scan- 
ning radiometer experiment that  was used for t TIROS IV experiment. 

previously for TIROS ---- I1 and TIROS II1,The quantity of radiation data 
already acquired from TIROS VI1 exceeds several times over the total 
quantity acquired from any of the previous TIROS radiation experiments, 

, and as of this writing data are  still being acquired from TIROS VII. As 
a result, the TIROS VI1 Catalog-Manual will be published in several sepa- 
rate volumes. This, the first volume, contains general discussions about 
the nature of the experiment, the calibration, and the processing of data, 
in addition to specific information concerning the data acquired during the 
period from launch on June 19, 1963 to September 30, 1963. The corre- 
sponding specific information concerning data acquired after September 
30,1963, will be found in succeeding volumes. 

In this Volume of the TIROS VI1 Catalog-Manual, the radiometer 
and its calibration, the data processing, the “Final Meteorological Radia- 
tion Tape”, the observed radiometer response behavior patterns, and pos- 
sible corrections a re  discussed, This Volume also includes, in two forms, 
documentation of each orbit of successfully reduced radiation data acquired 
from launch, June 19, 1963, to September 30, 1963. One method of presen- 
tation is the Index of Final Meteorological Radiation Tapes and the other 
is a Subpoint Track Summary of Available Radiation Data in diagram- 
matic form. 

Many members of the staff of the Aeronomy and Meteorology Division 
contributed to the success of the TIROS VI1 medium resolution radiometer 
experiment. Valuable contributions in the area of computer programming 
for  data processing came from the National Weather Satellite Center, U. S. 
Weather Bureau, whose efforts a r e  gratefully acknowledged. 

The task of assembling the information contained in this manual into 
written form suitable for  publication was largely accomplished by the 
following members of the Aeronomy and Meteorology Division: 

I t  replaces the two separate &hpam‘%?d’ & s which were published 

Mr. George Nicholas, Editor 
Miss Musa Halev, Co-editor 
Mr. W. R. Bandeen 
Mr. Robert Hite 
Mr. Andrew McCullough 
Mr. Harold Thompson 
Mr. Frederick Woolfall 

The preparation of the material presented in Appendix B was accom- 
The efforts of these individuals are  hereby acknowledged. 

plished mainly through the effort of Mr. Eldon Bowman. 
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ABSTRACT 
The TIROS VI I Illcteorologic;11 Satellite contains ;i medium resolution 

scitnning I*i1tliomcltel*. Two of thtx chiltlnels of this instrument alae sensitive 
to  I*eflectcd sol;tl* I-;itliation ;ind the other three respond to emittc)d thermal 
r:itii;ition flwm the c;ii.th and its atmosphere. Channel 1 of TIROS VI1 is 
sensitive within the 15,‘ ciil*l)on dioxide I’egion and replaces the 6.0-6.!5pl 
\\.itter vapor ch;innel of TIROS 11, 111, and IV. The three thermal channels 
:ire calil~i*;iteti i n  terms of eqliiviilent I)lackl>ody temperatures, and the 
I*(~flectccl Solill. I.itdi;ltion chmnels  in t w m s  of efcct ivc radiant emittiinces. 
Thc cillil)l*ation d:ttii, itlollg with ol*l)itill iind ;ittitiitlo ti;itti, and the ixdia- 
tion data  from the s;itellitci were incorpolxtcd i n  ;I computer pi*oKl*am for  
ill1 ICM 709 1 \vhich \viis used to pi~)tlucc, i n  1)in;ii.y form, the “Final 
Xlctcoi*ologic;il R;itli;ition Tape” \vhich is tho I);tsic i*epositol*y of a l l  rndia- 

Ccforc \\.ark with the TIROS VI1 1*ittliiition diltit is attempted, a n  
understanding of the 1*iitiion1etcr, its caIiblxtiot1, and the prol)lems en- 
countemi  i n  the expei*imcnt, especially flwm the rittliometer 1-esponse 
behavior, is essential. The instl*umcntitl design, development work, and 
the calilwations hei*ein desci-il)etl weye pt’iformed by the Goddard Space 
Flight Center staff, \\rhel*cils the computer iind piwglxmming efforts were 
carried out jointly by the staffs of the National Weather Satellite Center, 
U. S. Weather Bureau, and the Goddiird Slliice Flight Center. 

tion (littit. 
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I. INTRODUCTION 

The TIROS VI1 Meteorological Satellite 
was injected into orbit on June 19, 1963. Its 
mean orbital characteristics are listed in 
Table I. 

TABLE I 
Perigee Altitude _______  622 km 
Apogee Altitude ________  648 km 
Anomaliatic Period _ _ _ _ _  97.42 minates 
Inclination _ _ _ _ _ _ _ _ _ _ _ _  68.2” 

The experiments flown in the satellite in- 
clude two television cameras, two radiom- 
eters, and an electron temperature probe 
experiment. The radiometers measure 
emitted thermal and reflected solar radiation 
from the earth and its atmosphere. One 
radiometer is the University of Wisconsin’s 
heat balance experiment. 

This manual is concerned only with the 
second radiation measuring device, a five- 
channel medium resolution scanning radiom- 
eter, which responds to radiation in five dif- 
ferent spectral regions. Three of these chan- 
nels respond to emitted thermal radiation 
from the earth and its atmosphere, and the 
other two channels respond to reflected solar 
radiation. One of.the thermal radiation chan- 
nels responds to the 15p carbon dioxide band 
and replaces the 6.0p-6.5p “water vappr ab- 
sorption” channel of the radiometers flown 
on TIROS 11, TIROS 111, and TIROS IV. 
The three thermal radiation channels are 
calibrated in terms of equivalent blackbody 
temperatures and the reflected solar radia- 
tion channels in term4 of effective radiant 
emittances. 

The radiation data from the medium reso- 
lution radiometer experiment are processed 
together with attitude information and cali- 
bration data on an IBM 7094 computer to 
produce a binary “Final Meteorological Radi- 
ation (FMR) Tape,” which is the basic re- 
pository of the radiation data in terms of 
equivalent blackbody temperature or eff ec- 
tive radiant emittance, 

Before attempting to interpret the radia- 
tion data from TIROS VI1 which are con- 
tained on the FMR tapes, careful considera- 
tion should be given to all points discussed 

in this manual. An understanding of the 
significance of the equivalent blackbody 
temperatures or effective radiant emittance 
values and a familiarity with the principles 
of the radiometer, its peculiarities, and the 
method of calibration are essential. Before 
attempting to utilize the radiation data, the 
effects of calibration degradation on the data 
must also be considered. # 

This combination Catalog and Users’ Man- 
ual follows the same documentation format 
as that used for the TIROS IV Radiation 
Data Catalog and Users’ Manual,’ replacing 
the two separate volumes which were pub- 
lished for the TIROS .I1 and TIROS I11 five- 
channel radiometer experiment~.*J-‘*~ At this 
writing TIROS VI1 has successfully returned 
radiationdata for over one year, being gl- 
most three times as long as the useful life- 
times of any of the previous scanning radi- 
ometer experiments. This large quantity of 
information has, thus, necessitated publish- 
ing the TIROS VI1 Catalog-Manual in sev- 
eral volumes. This, the first volume, dis- 
cusses the radiometer and its calibration, the 
data processing, the “Final Meteorological 
Radiation Tape,” the observed behavior of 
the radiometer responses, and possible cor- 
rections to the data due to the degradation 
of the instrumental response. This volume 
also includes, in two forms, documentation 
of each orbit of successfully reduced radia- 
tion data acquired from launch, June 19, 
1963, to September 30, 1963. One form is an 
Index of all FMR tapes; the other is a dia- 
grammatic Subpoint Track Summary of the 
available radiation data for each orbit. 
Future volumes will include information con- 
cerning the radiometer response behavior 
and general developments of the experiment 
along with an Index and a Subpoint Track 
Summary covering subsequent time periods. 

The radiation data are available in various 
“hard copy:’ fdrmats suitable for presenting 
limited portions of the data, as well as, the 
“binary” FMR tape format, suitable for 
computer processing and containing the orig- 
inally reduced data in their entirety. The 
data are reduced to the FMR Tape format by 
the experimenters at the following address: 
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TIROS Radiation Data, Code-653 
Aeronomy and Meteorology Division 
NASA, Goddard Space Flight Center 
Greenbelt, Maryland 20771 

Duplicates of the FMR Tapes are archived 
at the following data center: 

National Weather Records Center 
U. S. Weather Bureau 
Federal Building 
Asheville, North Carolina 28801 

Copies of the data in the various standard 
formats listed below can be obtained for pro- 
duction costs by writing to the National 
Weather Records Center (NWRC) . Unless 
otherwise requested, the NWRC will rou- 
tinely provide cost estimates prior to filling 
orders. In addition, limited quantities of the 
data in the standard formats may be obtained 
by investigators without charge by zvritinlt 
to the Goddard Space Flight Center (GSFC) 
cxperimentcrs. Detailed descriptions of most 
of these formats are contained in the TIROS 
I1 and TIROS I11 Radiation Data Catalogs 2 p 4  

and in the various Radiation Data Users' 
m a n ~ a l s . ~ ~ ~ ~ ~  These publications should be 
consulted before orders are placed. Some 
flexibility in the machine programs is possi- 
ble, and users having requirements which 
cannot be satisfied by the available standard 
formats should write to either of the above 
addresses for further information. 

The data are presently available in the 
following standard formats: 

A. Copies of  Final Meteorological Radiation 

The FMR Tape is the product of a com- 
puter program whose input is the attitude/ 
orbital data, digitized radiation data, and the 
TIROS radiometer calibration package. 
These tapes are usable only on IBM com- 
patible electronic data processing equipment 
having a core storage capacity of the equiva- 
lent of' at least 4096 36-bit words. 

NWRC Price (including tape) $60 per reel 
or, if user provides tape $30 per reel 

B. Data Listings (Program MS 600) 
Machine programs are available which will 

produce a printed list of the calibrated in- 

(FMR) Tapes (binary) 

2 

formation for a specified time period from 
all five sensors together with appropriate 
locator information (see Section IX of the 
TIROS I11 Catalog 4 ) .  The NWRC cost for 
the listings is dependent upon the size of the 
sample and its position within the tape data 
files. For example, a listing of 10 minutes 
of satellite data (about 100 swaths with 60 
samples per swath which would cover an 
area the size of U.S.) would cost about $20 
to $30. 

C .  Grid Print Maps 
A series of programs produce printed and 

contoured data referenced to a square mesh 
grid on polar stereographic or Mercator map 
bases. Grid print maps may be produced for 
either a single orbit (see Section IV of the 
TIROS I1 Catalog * and Sections V, VI, VII, 
and VI11 of the TIROS I11 Catalog.') or a 
composite of several orbits (see Section IX 
of the TIROS 111 Catalog '). The following 
standard options are available and should be 
specified when requesting grid print maps: 

a. Polar Stereographic, 1/30 million 

- b. Polar Stereographic, 1/10 million 

c. Multi-Resolution Mercator (MSC 2) 

1. Map and Approximate Scale 

(approx.) (AW950) 

(approx.) (MS501) 

6.0 degrees Long. per mesh 
interval-1/40 million (ap- 
prox.) 
2.6 degrees Long. per mesh 
interval-1/20 million (ap- 
prox.) 
1,26 degrees Long. per mesh 
interval-1/10 million (ap- 
prox.) 

2. Maximum Sensor Nadir Angle (unless 
otherwise specified, 6 8 O  will be used) 

3. Field Values and Contouring (unless 
otherwise specidedSal1 maps will include field 
values and contouring except Mercator Maps 
of scales larger than 1/20 million which will 
contain no field values or contouring (see 
Section IV of the TIROS I11 Catalog 

A data population map, indicating the 
number of individual measurements con- 



tained in each grid point average, as well as 
a sample latitude-longitude overlay for geo- 
graphically locating the data, will ordinarily 
be provided along with each grid print map. 

The NWRC cost for grid print maps will 
vary, of course, according to the option 
selected. To illustrate, for a Mercator (60”N- 
60”s) grid print map, involving one sensor 
and one orbit, the cost would be about $25 
to  $36. 

When ordering “hard copy” data, the fol- 
lowing identifying information should be 
given: 

1. Satellite (e.g. TIROS VII) 
2. Read-Out Orbit No, (cf. Index of FMR 

Tapes in Appendix A) 
3. Channel No. (e.g. Channel 2, 8.0-12.0 

microns ; Channel 3, 0.2-6.0 microns ; etc.) 
4. Calendar Date of Equator Crossing (cf. 

Index of FMR Tapes in Appendix A) 
5. Beginning and Ending Times of Data 

in GMT (cf. Index of FMR Tapes and Sub- 
point Track Summary in Appendix A and 
Appendix B) 

6. Format Desired 
When ordering FMR Tapes, only items 1 

and 2 above need be given, plus: 
7. FMR Tape Reel No.(s) (cf. Index of 

FMR Tapes, Appendix A) 
Television pictures taken eoncurrently 

with the radiation data may also be obtained 
from the National Weather Records Center. 
The availability of such pictures is docu- 
mented in the Key to Meteorological Records 
Documentation No. 6.37, “Catalog to Meteor- 
ological Satellite Data-TIROS VI1 Television 
Cloud Photography”, copies of which may be 
obtained from the Superintendent of Docu- 
ments, U. S. Government Printing Offlce, 
Washington 26, D. C. 

11. DESCRIPTION OF THE MEDIUM 
RESOLUTION RADIOMETER 

EXPERIMENT 
2.1 ‘Principle of  the Radiometer 0p 

The principle of the radiometer is illus- 
trated in Figure 1 which shows the compo- 

nents of a single channel. The fields of view 
of the channels are  approximately coincident, 
each being about five degrees wide a t  the 
half-power point of the response. The optical 
axis of each channel is bi-directional, 180° 
apart. As the half-aluminized, half-black 
chopper disk rotates, radiation from first one 
direction and then the other reaches the 
thermistor bolometer detector. This results 
in a chopped output which is amplified and 
rectified, giving a DC signal which (neglect- 
ing electronic noise and possible optical im- 
balance) is theoretically proportional to the 
difference in energy flux viewed in the two 
directions. Variations in the amplitude of 
the radiometer signal are  converted into sub- 
carrier frequency deviations and stored by 
means of a miniature magnetic tape re- 
corder. When the satellite is interrogated, 
while within range of a Command and Data 
Acquisition Station, the information is tele- 
metered to the earth where it is recorded on 
magnetic tape. The further processing of 
these magnetic tapes is discussed in Section 
IV of this manual. 

The radiometer is mounted in the satellite 
such that the optical axes are inclined 4 5 O  
to the satellite spin axis. (The viewing di- 
rections are  designated “wall” and “floor” 
according to their orientation in the satel- 
lite.) When one optic views the earth, the 
other views outer space. The outer space 
radiation level (assumed to  be zero) is used 
as a reference. When both optics are view- 
ing outer space, the resultant signal is desig- 
nated as the “space-viewed level.” Theoreti- 
cally, this signal should be zero, but in reality 
is not, due to electronic noise and any initial 
optical imbalance, plus subsequent changes 
in balance caused by the degradation of cer- 
tain channels after the laboratory calibra- 
tion. 

As the satellite rotates on. its axis, the 
radiometer scan pattern on the surface of 
the earth is defined by the intersection of a 
46’ 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 hyperbola-like branches when the spin 
vector is perpendicular to the radius vector. 
The orbital motion of the satellite provides 
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Nominal 
Bandwidth 

Channel (Microns) 

the remainder of the 8-30 micron region is 
primarily from the carbon dioxide and rota- 
tional water vapor absorption bands, and the 
radiance a t  the top of the atmosphere in 
these bands originates mostly in the atmos- 
phere and thus represents lower tempera- 
tures than those detected by the 8-12 micron 
channel. The 0.55 to 0.75 micron channel 
covers the maximum of the solar energy dis- 
tribution and is similar in its spectral re- 
sponse to the TV cameras on the satellite. 

The interpretation of the radiation data in 
terms of physically significant qualities has 
been given in the literature,1n-3q Nature of Band 

carbon dioxide absorption 

reflected solar radiation 
thermal radiation from the 
earth and atmosphere 
response of the TV system 

1 'i; %: 1 atmospheric window 

In the 14.8 to 15.5 micron channel a maxi- 
mum absorption due to carbon dioxide is 
encountered. Energy in this channel is re- 
ceived mainly from the vicinity of 15 to 35 
kilometers. Regions below 10 and above 40 
kilometers contribute only very little to the 
radiance at normal incidence ; however, when 
regions near the horizon are  within the field 
of view of the sensor, the center of mass of 
the emission function shifts upward to 
higher altitudes and warmer temperatures: 
hence, limb-brightening occurs. The radiance 
for this channel can be interpreted in 
terms of mean stratospheric temperatures, 
weighted over varying altitudes, depending 
upon atmospheric structure and sensor view- 
ing angle ; however, the radiance is virtually 
independent of the state of cloudiness of the 
atmosphere ; and is, therefore, not correlated 
to the other channels.R. l o  The energy re- 
ceived in the 8.0 to 12.0 micron channel orig- 
inates mainly from either the earth's surface 
and/or clouds since absorption due to any of 
the atmospheric constituents-except ozone 
which covers only a minor portion of this 
channel-is every small. The total solar en- 
ergy reflected from the earth and its atmos- 
phere is contained in the 0.2 to 6.0 micron 

0.55- 0.75 

2.3 Geogrnphic Limitations of Datn Utiliza- 
tion 

Care should be exercised in the use of the 
correlation of the radiation data with geo- 
graphic locations, such as attempted com- 
parison with synoptic situations. Uncertain- 
ties in attitude lead to an  estimated error of 
1' to 2O in great circle arc. At a nadir angle 
of zero, a 2 O  error would result in a position 
error on the earth's surface of less than 20 
miles, while a 2 O  error for a nadir angle of 
60° corresponds to an error of over 200 miles. 
I t  should be emphasized .that such errors re- 
sul t  in distortions as well as translations, and 
a simplit linear shift of the data is in general 
not sufficient for 

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-tape pulse, and the 
necessity of counting through noise on the 
relative satellite clock frequency. These er- 
rors are  generally estimated to  be less than 
ten seconds in TIROS VII. However, users 
are  cautioned to be watchful for those rare 
cases where there still might be larger errors 
of the order of one minute or  more. Time 
errors also result in distortions as well as 
translations. 

channel. The 8.0 to 30.0 micron channel radi- 
ation includes a substantial contribution by 
the 8-12 micron region. The emission over Before considering the calibration flow 

111. CALIBRATION 
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sequence, it is necessary to discuss two quan- 
tities which are fundamental to the calibra- 
tion. These are the effective spectral response 
and the effective radiant emittance. 
3.1 Effective Spectral Response 

The radiation received by the radiometer 
is modified by the varioud elements in the 
optical train before being absorbed by the 
bolometer detector, These include the reflect- 
ing properties of the prism and chopper, and 
the transmission characteristics of the filters 
and lenses. By assuming equal optical prop- 
erties and temperatures for both sides of the 
prism, an effective spectral response, (PA, can 
be defined as 

R! ( R f -  R f )  f A A A  (1) 
The various optical elements in each chan- 

nel were evaluated as to reflectance or trans- 
mittance using combinations of three com- 
mercial spectrophotometers. Combined, these 
instruments cover the wavelength range of 
0.26-36 microns, All three units can be 
used for either transmittance or reflectance 
measurements. The Beckman DK-2 using an 
SiO, prism operates through the region of 
0.26-2.6 microns, A MgO coated integrating 
sphere reflectance attachment yielding either 
total or diffuse reflectance of a sample for 
energy incident at an angle of approximately 
6' may be employed with this device. The 
two infrared instruments, the Beckman IR-6 
and IR-SA, use rock salt and cesium bromide 
respectively as prism materials to cover the 
region of 2.0-36 microns with an overlap at 
11-16 microns, Reflectance measurements 
here are performed using attachments that 
are inserted in the reference and sample 
beam. 

These give specular reflectance only, and 
the beam is at an angle of incidence of 30' 
to the sample. 

The materials used in the lenses and filters 
of each channel are given in Table 111. 

All of the terms in Equation 1 for each 
channel of the TIROS VI1 radiometer were 
taken from Barnes Engineering Company 
measurements. A discussion of the terms 
from which (PA is derived follows. 
Spectral Reflectivity of the Radiometer 

Prism, R: 
Total reflectance measurements of the 

prism relative to a standard (freshly burned 
magnesium oxide) for a 6 O  angle of incidence 
are made. The measurements in the visible 
portion of the spectrum up to 2.6 microns 
are performed on both surfaces of the prism 
and over different areas of each side to check 
the uniformity of reflectance. The measure- 
ments in the infared  consists of comparing 
the spectral reflectance for a 30° angle of 
incidence of the sample to a reference beam 
of infrared transmittance through air. The 
reference level is normalized to 100% with 
a standard silicon monoxide coated alumi- 
nized mirror. 
Spectral Reflectivity of the Radiometer Chop- 
per ,  (Rf  - R f )  

Spectral reflectance of both the black 
(absorptive) and aluminized (reflective) sur- 
faces of the chopper are measured inde- 
pendently. In the visible portion of the spec- 
trum the aluminized surface measurements 
are performed in the same manner as the re- 
flectance measurements of the prism. The 
100% line is adjusted using magnesium oxide 
in the reference and sample holders. Then the 
aluminized surface is placed in the sample 
part and the reflectance of the sample is com- 
pared to the reflectance of the magnesium 
oxide. Because of the great difference in the 
reflectances of the two halves of the chopper 
face and the fact that the reflectance of the 
black absorbing surface is low, a technique 
was established to determine the amount of 
energy that is reflected from the black surface 
only. A second measurement is performed 
with the same equipment setup, but with the 
absorptive sample removed from the holder. 
This is a measure of the relative amount of 
energy which is collected by the detector but 
not contributed by the sample surface. The 
actual reflectance is obtained by subtracting 
the relative transmittance due to the instru- 
ment construction from the black surface 
measurement. 

In the infrared region the measurement is 
identical to the prism reflectance measure- 
ment for the reflective and absorptive sur- 
f aces. 



Slwct?.ccl Tuinuntission of t h v  Filt(v*-Lrans readings are  plotted as a relative spectral 
response normalized to 100% at the highest Contbinntion in tlrc Rtrdiomr#tc,r, f A  

Spectral transmittance measurements are 
performed on a l l  lens materials usinK the 
same Beckman spectrophotometers. In the 
visible and near-infrared portions of the 
spectrum, the Beckman DK-2 spectrophotom- 
eter is used with air as the reference. The 
loo(;;, line is set with ai r  versus air. Then 
the measurement is performed to provide the 
relative transmittance of the lens material 
to that of air. Plane pnrallel samples, equiv- 
alent in thickness to  that of the lenses, are  
measured with the instrument. Memuring 
this equivalent sample (having the same 
mean thickness i is the lens used in the sys- 
tem) is an accepted measurement technique. 
This method is used because measurements 
of the lenses themselves would produce errors 
due to lens curvature. 

Spectral transmittance of the filters is per- 
formed in the same manner used to measure 
the lenses. Measurements are  performed 
using air as the reference for comparative 
energy transmission measurements. The 
100% line is adjusted using air vesus air to 
detect any difference between the two paths 
before a test is run using the sample versus 
air. 

Spoctml A bso ip t  izi  i ty  of t h r Th (> rnais tor  

The spectral absorptivity of the thermistor 
detector is measured by irradiating the de- 
tector with a fixed amount of monochroma- 
tic energy at each successive wavelength in- 
crement iver  the spectrum from the ultra- 
violet to the f a r  infrared. The test setup con- 
tains a source radiating energy in the portion 
of the spectrum being investigated. 

Two detectors are  used-one  is the refer- 
ence and the second is the detector under 
test. Monochromatic energy is directed to 
the reference cell first and the energy onto 
the detector is adjusted until the same 
amount of energy is obtained at each wave- 
length increment, Because the reference cell 
response is assumed to be spectrally flat, the 
energy is adjusted until the same voltmeter 
reading is obtained. Then the voltmeter 

D&ctor, Ah 

level. 
Tables IV through VI11 and Figures 2 

through 6 give the effective spectral response 
for each of the channels of the TIROS VI1 
radiometer. 
3.2 E f f m t h e  Radiant Emittance 

The preflight calibration of the three 
emitted thermal radiation channels (chan- 
nels 1, 2, and 4)  was carried out by simulat- 
ing the space-referenced earth signal in the 
laboratory. The TIROS VI1 radiometer and 
its associated electronics were calibrated as a 
system. The radiometer’s field of view was 
filled in one direction by a blackbody target 
a t  liquid nitrogen temperature (80°K)-  
which is essentially equivalent to the space 
reference-while the field of view in the other 
direction \vas filled with a blackbody target 
whose temperature varied over the range 
expected when viewing the earth and its at- 
mosphere. Thus, the infrared measurements 
are in terms of an “equivalent temperature, 
TIclc,” of a blackbody filling the field of view 
which would cause the same response from 
the radiometer. Since the spectral response 
of the radiometer is assumed to be known 
from the spectral characteristics of the in- 
dividual reflecting, refracting, and transmit- 
ting components of the optics, that  portion 
of the radiant emittance of any source that 
falls within the spectral response curve of 
the instrument can be calculated. This quan- 
tity is defined as the effective radiant emit- 

) and can be written as 
watts 

meter 
tance, T’V ( 

w = WA (T,,,,) + A  dx.  (2) - lo* 
The data from the three channels, which 

detect emitted thermal radiation, can, there- 
fore, be expressed either as TI,,,, in degrees 
Kelvin, or  as w, in watts per square meter, 
of radiant emittance within the spectral 
response curve of the channel. The vs. T I , ,  
function for channels 1, 2, and 4 are given 
in Tables IX, X, and XI and in Figures 7, 8, 
and 9. 

In calibrating the two channels which de- 
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tect reflected solar radiation (channels 3 and 
6) one direction of the channels was merely 
masked with black tape to simulate space. 
To simulate reflected solar radiation from the 
earth and its atmosphere, a white diffuse 
reflector of known spectral reflectivity was 
illuminated at normal incidence from a stand- 
ard lamp of known spectral intensity at a 
measured distance away. From these param- 
eters the spectral radiant emittance from 
the reflecting surface was determined. With 
the illuminated reflector filling the field of 
view, the output signal from each channel 
is measured. The spectral radiant emittance 
from the reflector is integrated over the spec- 
tral response curves of the solar channels to  
yield that portion of the radiation viewed to  
which ’each channel responds. The result of 
such integration is the “effective radiant 
emittance, W”. Thus, the reflected solar 
radiation measurements are in terms of that 
portion of diffuse radiation, w, from a target 
filling the field of view, to which each chan- 
nel responds. In order to interpret these 
measurements in terms of reflectance 
(loosely, “albedo”) one must know the effec- 
tive radiant emittance, w*, which would be 
measured by each channel if the field of view 
were filled by a perfectly diffuse surface of 
unit reflectivity when illuminated by one 
solar constant at normal incidence. The ex- 
pressions for and v* for channels 3 and 
5 are defined in Section 3.6.2. 

3.3‘ Radiation Data Flow Srgucncc. 
The radiation data flow sequence is Shown 

in Figure 10. The sequence from satellite 
through ground station is illustrated in Fig- 
ure 10(a) .  When an effective radiant emit- 
tance is viewed by one side of the radiom- 
eter while the other side views outer space, 
and with a radiometer housing temperature, 
TI- ,  a radiometer output voltage, Vtr l r r  is ob- 
tained. This relationship VI ,  i!) = f(v, SIDE, 
T P )  is shown schematically in Figure 10(b) .  
The signal, VI , , , , ,  is fed into a voltage con- 
trolled oscillator which produces an output 
frequency, F,,, , when the oscillator electron- 
ics temperature is T,. This relationship, 

= f ( V ,  ,/,, T,.), is shown schemiitically 
in Fixure 1O(c ) ,  and is given in Figures 11- 

- 

16 for channels 1, 2,3,4, and 5. 
At the ground station, the frequency, Fay,., 

now increased by a factor of 30, is fed into 
a demodulator, the output of which enters an  
analog-to-digital converter which converts 
Fsf.  to a digital number, D. The conversion 
formula is 

127 
50 Fw (3) D = -  

and is shown schematically in Figure 10 (d)  . 
The resulting digital number, D, and the 
temperatures, Tg and TI., which are also 
telemetered from the satellite, are  used to 
obtain the valve (or T I , , )  for channels 1, 
2, and 4 and the value for channels 3 and 
5 from the calibration data as indicated 
below. 

In practice, for the purpose of simplifying 
the data reduction, each channel is calibrated 
for different values of TI. while maintaining 
a fixed relationship between T, and TI. rather 
than calibrating the radiometer and each 
oscillator as separate units to obtain the 
transfer functions shown in Figures lO(b) 
and lO(c) .  In addition, each oscillator is 
calibrated as a function of T,; to obtain the 
transfer function as shown in Figure lO(c). 

3.4 Rclntion Bot wwn Elrctronics, Rccdiom- 
 tor Housinf/,rcnd TV Clock No.  2 Tcm- 
I M ’ U i  t w c ’ s  

The calibration of the TIROS VI1 radiom- 
eter-oscillator system was corrected accord- 
ing to the equation 

T,; = T, ,  + 10°C ( 4 )  
This was necessary because during flight a 
10°C difference between electronics and radi- 
ometer housing temperatures was present. 
The TIROS VI1 calibration curves, which are  
presented in this manual, therefore, include 
this correction. 

The validity of the TIROS VI1 calibration 
with I*egard to equation ( 4 )  was checked 
using the flight data for T E  and T,. through 
orbit 1276. After orbit 1276 the channel 
which provides for the telemetry of T E  and 
T,. did not function. The comparison of TR 
and T,. to orbit 1276 is shown in Figure 
16(b)  : it can be seen that there is some 
variation of T,; and T,. from equation (4) 
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and the maximum is 7OC. The effect on TI,” 
or W f o r  each channel of a 7OC temperature 
difference from the calibrated T E  and T ,  
relationship is given in Table XII. The maxi- 
mum TI,,, difference in the thermal radiation 
channels occurs for channel 1 and is l 0 C  
while the maximum difference in w for the 
reflected solar radiation channels, in percent 
of one solar constant radiated from a diffuse 
source, is 0.4%. 

After orbit 1276, T,. was derived from one 
of the television systems carried on the satel- 
lite, namely from the TV clock No. 2 tem- 
perature, TIT.  The TV clock No. 2 is located 
almost diametrically opposite from the radi- 
ometer housing and 11.5 inches from the cen- 
ter of the satellite. A very good relationship 
can be established between TI? and T I .  before 
orbit 1276, and from this relationship T,. can 
be derived from TI, after orbit 1276. The 
difference between TI. and T,. is not constant 
but is a function of both the total amount of 
time during one orbital period and the time 
prior to readout that  the satellite is exposed 
to the sun or  in the earth’s shadow. T,. 
varies by as much as 5.7OC throughout an 
orbital period (Figure 17) depending upon 
the fractional part  of the orbital period that 
the satellite is exposed to the sun. TI, is 
known for only one time during an orbital 
period, a t  the time the satellite is being inter- 
rogated by a Command and Data Acquisi- 
tion Station, but should be expected to vary 
as T,. varies. The variation of T,. and TI, 
during an orbital period is related to the time 
when the satellite is in the sunlight or the 
earth’s shadow. Figure 17 shows that the 
maximum T,  occurs after the satellite enters 
the earth’s shadow and the time of occur- 
rence is a function of the time the satellite 
is in the sunlight. I t  also shows that the 
minimum T,. occurs after the satellite enters 
sunlight and the time of occurrence is, like- 
wise, a function of the time the satellite is 
exposed to the sun during one orbital period. 

orbital ascending node (described in detail in 
Section 5.1). Figure 18, shows similar in- 
formation in a different format. This figure 
gives the fractional part of the 97.4 minute 
orbital period that the satellite spent in sun- 
light and the earth’s shadow, expressed i r  
minutes after ascending node vs. orbit num- 
ber. Figure 16(b)  shows TI, and the meas- 
ured T,. from launch to orbit 1276, and T ,  
and the derived T,. from orbit 1276 to 1525. 

Actually an average T,. for each orbit is 
used to reduce all of the data for that  orbit 
on the FMR tape and, thus, as much as a 
k2.85”C error in T,. can be introduced dur- 
ing a portion of the orbit. One can by the use 
of Figures 17 and 18 establish expressions 
relating the time of the occurrence of sun- 
light and shadow and the average T,., to give 
a good approximation of the actual T,. 
throughout an orbit. By letting T,. vary in- 
stead of being an  average TI. ,  a slightly more 
accurate TI,,, or 
3.5 Spnce-Vieioed Level 

Although there is no specified on-board 
calibration mechanism on the TIROS VI1 
radiometer, the “space-viewed level” can be 
considered as a single-point check-of -calibra- 
tion while in orbit. Any observed shift in 
the sphce-viewed level after the original 
calibration is sufficient but not necessary to 
indicate a change in the calibration of the 
instrument (Le., knowledge of the shift of 
a given point on a curve is sufficient to indi- 
cate a change in position of the curve; 
whereas, knowledge of the lack of a shift of 
the point is not sufficient to preclude a rota- 
tion of the curve about the point). It is im- 
portant, therefore, to include a measurement 
of space-viewed levels in the qalibration of 
the instrument. Within the spectral regions 
of sensitivity of the emitted thermal radia- 
tion channels, radiation from a blackbody 
target at liquid nitrogen temperatures is 
practically the equivalent of the radiation 
levels of outer space. To simulate space radi- 

can be obtained. 

Figure 16(a)  shows the percent of an ation for the reflected solar radiation chan- 
nels, it is necessary only to turn off the lights 
in the laboratory. The space-viewed levels 
are  calibrated as a function of radiometer 
housing temperature. 

orbital period that the satellite was in sun- 
light vs. orbit number for orbits from launch 
to 1525. Also shown is A+, the difference be- 
tween the right ascension of the sun and the 
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3.6 Target Blackbody Temperature, T M R ,  
and - Target Effective Radiant Emittance, 
W ,  versus Digital Number, D 

The calibration curves and the following 
discussion are concerned with the original 
calibration carried out at the Goddard Space 
Flight Center. 

3.6.1 Emitted Thermal Radiation, Chan- 
nels 1, 2, and 4 .  Two laboratory .blackbody 
targets, placed in a container so that liquid 
or gaseous nitrogen could flow around them, 
were used in the calibration procedure. At a 
certain radiometer housing temperature, Tr, 
regulated by the temperature of alcohol flow- 
ing through tubes in thermal contact with 
the radiometer housing in a vacuum cham- 
ber, liquid nitrogen, at - 196OC, was pumped 
through the tubes in one target while the 
temperature of the nitrogen flowing through 
tubes in the other target was varied from 
-196OC to about +4OoC. This procedure 
was carried out at  seven different radiometer 
housing temperatures (OO, 7', 12O, 18', 26O, 
32' or 36O, and 40') while viewing the warm 
target respectively through the wall and floor 
sides of the radiometer. The temperatures 
of each target were recorded by means of 
thermocouples. Using the frequency, Fsc, to 
digital number, D,  conversion, shown sche- 
matically in Figure 10 (d)  , a curve of TtlB vs. 
D and Fsp was constructed for each channel 
on both wall and floor sides for each of the 
seven values of Tr  (Figures 19-32 and 40-46). 
If the quantity is desired, it may be deter- 
mined from the w vs. TRR graphs for each 
channel (Figures 7-9). The complete calibra- 
tion procedure is shown schematically in 
Figure 64 (a) .  

3.6.2 Reflected Solar Radiation Channels 
8 and 5. A tungsten filament lamp calibrated 
by the National Bureau of Standards was 
used in the calibration procedure as a 
standard source. Radiation from the lamp 
was diffusely reflected from a sheet of white 
Kodak paper of known spectral reflectivity. 
The output signal of each channel was read 
with the illuminated paper normal to rays 
from the lamp and completely filling one field 
of view of the radiometer, The other field 
of view was covered with black tape. In 

order to obtain more than one point per 
calibration, the white paper was placed at 
different distances from the tungsten lamp. 
The effective radiant emittance was computed 
using 

A curve of w vs. VR.,,, was then constructed, 
with Tr being the ambient temperature of the 
room in which the calibration was made. In 
order to construct w v s .  Fsp  curves at various 
values of T p ,  it was necessary to make addi- 
tional measurements in vacuum where T c  
could be controlled. Two targets consisting 
of diffusers illuminated by light bulbs, one 
target for each of the wall and floor sides, 
were used for both channels in this calibra- 
tion, Since the voltages could be regulated, a 
certain range of voltages was selected and 
measurements at the various values of Tr 
were made of each voltage, recording corre- 
sponding radiometer voltage and output 
frequency at  each level. Measurements were 
made by illuminating alternately both wall 
and floor sides, keeping the lights off on the 
side that was to simulate space viewing. In 
order to correlate the vacuum measurements 
with the tungsten-filament lamp source meas- 
urements, it  was necessary to make one set 
of vacuum measurements at the same Tc as 
for the air measurements. By relating bulb 
voltage - levels to w at the air measurements, 
W vs. F,vr and D curves were constructed for 
Tr of O', 7') 12') 18O, 26', 35' and 40' 
(Figures 33-39 and 47-63). 

In order to calculate the reflectance 
(loosely, "albedo") from the incident solar 
radiation of a spot on earth viewed by the 
radiometer, one must know the effective solar 
constant, r*, the particular value of w 
which would be measured if the spot viewed 
were a perfectly diffuse reflector, having unit 
reflectivity, and illuminated by solar radia- 
tion at normal incidence. Using equation ( 6 )  
for this calculation, and setting y = Oo, R = 1 
astronomical unit, TA = 1, and JA = WA (2') X 
(cross-sectional area of sun) / T ,  we have 

.. J o  
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Calculations of W* were made taking the sun 
as a 580OOK blackbody for channel 3 and a 
6000OK blackbody for  channel 5, yielding 
values of 484.36 watts/meter2 and 117.13 
watts/meter', respectively. The complete 
calibration procedure is shown schematically 
in Figure 54 (b) . 

3.6.3 History of thc Rndiomctrr Siibsys- 
tcm from Initial Cnlibmtion Until Launch. 
In  the original calibration the radiometer 
was placed in a high vacuum chamber while 
the electronics canister was placed in a 
thermally-controlled environmental chamber. 
Between the original calibration carried out 
at the Goddard Space Flight Center during 
the period April 1-27, 1963 and the launch 
of the satellite on June 19, 1963, several 
check-of-calibration measurements of all 
channels were made under varying condi- 
tions of pressure (ambient as well as high 
vacuum) and of housing and infrared target 
temperatures. These checks indicated that 
the original calibration of channels 1, 2, 3, 
and 5 remained essentially unchanged. This 
behavior contrasted with the behavior of 
channels 3 and 5 of TIROS IV which showed 
a marked decrease in response after the 
original calibration and before launch (see 
Section 3.6 of TIROS IV CatnlopManiial.l) 
The check-of-calibration of channel 4 of 
TIROS VII, on the other hand, showed a 
shift to high= frequencies by two and one- 
half cps. This shift was not due to an  in- 
crease in the radiometer voltage output, but 
was due to an increase in the frequency out- 
put of the oscillator. Each check-of-calibra- 
tion was for a relatively short period of time, 
the longest being about two hours, and i t  
was, therefore, not possible to determine 
whether the shift was a function of tempera- 
ture change or a function of the short 
running time of the radiometer. An in-flight 
check of the space-viewed level showed that 
within three days af ter  launch, the frequency 
had returned to the calibrated space-viewed 
level. This return was also accompanied by 
a decrease of T,. from 20OC to 2OC; however, 
an increase of Tc to 27OC on TIROS VI1 Day 
31 was not accompanied by a shift of the 
frequency and the observed space-viewed 

level remained essentially consistent with the 
calibration through September 30, 1963. The 
behavior of channel 4 is discussed further 
in Section VI. 

3.7 Ficld o f  View Mcnswements 
The Barnes Engineering Company made 

field of view measurements of the various 
channels of the TIROS VI1 radiometer. A 
line source consisting of a filament wire, 
0.040 inches in diameter, was used. The line 
source remained in a plane perpendicular to 
the geometric axes, about 54 inches from the 
thermistor bolometers in the wall direction 
(where 1 inch normal displacement &lo). 
The line source was moved from right to  left 
looking out from the radiometer in the wall 
direction (horizontal field of view measure- 
ments) and from top (up)  to bottom (down) 
in the \vall direction (vertical field of view 
measurements). The line source was kept 
normal to its direction of motion across the 
field of view during both horizontal and 
vertical measurements. These measurements 
are shown in Figures 55-59. Laboratory 
measurements for the floor side are not 
available. 

Alignment measurements were made by 
RCA after the radiometer was mounted on 
the base plate of the satellite. A line source 
was moved from top to bottom to determine 
the vertical field of view from the wall side. 
These measurements and resulting computa- 
tions to determine the optical angle with 
respect to the base,plate and the error angle 
from the design-value of 45O to the spin axis 
are  given in Table XIII. These measure- 
ments show that the optical axes for chan- 
nels 1, 3, and 5 are  very nearly coincident 
with the 45O line, whereas, for channels 2 
and 4 the optical axes are  misaligned by 
approximately l z / ~ O  and 1 Mot respectively; 
and are  misaligned relative to each other 
by 3". 

3.8 Siimmnry of the Calibration 
When a certain value of effective radiant 

emittance . or  equivalent blackbody tem- 
perature T,,,, is viewed by the radiometer 
through a given side with a given radiometer 
housing temperature an output signal FNr 
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results. If T,: and T,. are within + 7 O C  of the 
relationship, 

TK = Tr. + 10°C 
and if the Tr's, deduced from the component 
temperature, T,., are  correct, only a negligi- 
ble error in or  is introduced. From 
FN,, and T,., which are measured independ- 
ently, the measured value of TI,, ,  or W can 
be determined from the calibration curves. 

The calibration for each side of each chan- 
nel is carried out for seven parametric values 
of T,.; hence, i t  is necessary to interpolate 
between two 'transfer functions bracketing 
an  actual value of T,. to arrive at the calibra- 
tion for a given orbital period. 

IV. RADIATION DATA 
PROCESSING 

4.1 Information Flow in the Sntdlite n~4r, 
The radiation experiment instrumentation 

is independent of the television camera sys- 
tem except for power, command, certain 
timing signals, and antennas (Figure 60). 
The output of the five medium resolution 
radiometer channels is fed into five subcar- 
rier oscillators. These voltage controlled 
oscillators a re  of the phase shift type with 
symmetric amplifiers in the feedback loops, 
the gains of which are controlled by the bal- 
anced input signal, A sixth channel is pro- 
vided for telemetry of the University of 
Wisconsin's heat balance data;  data from an 
electron temperature measuring probe ; the 
environmental temperatures : and the instru- 
mentation canister pressure. In channel 6, 
a mechanical commutator switches resistive 
sensors in one branch of a phase shift oscil- 
lator. These Sensors stopped switching after 
orbit 1276 in TIROS VI1 and remained set 
on the electron temperature probe sensor. 
Thereafter, the radiometer housing tempera- 
ture (one of the environmental tempera- 
tures) was derived from the TV clock No. 2 
temperature of the satellite, available upon 
interrogation. The seventh channel, a tun- 
ing fork oscillator, serves as  a reference 
frequency and timing signal. The outputs 
from each of the seven channels are  summed 

and the resultant composite signal equalized 
in a record amplifier which drives the head 
of a miniature tape recorder. An oscillator 
provides an alternating current bias to the 
record head and the signal required for the 
erase head. For convenience, erase of the 
magnetic tape occurs immediately before 
recording. The record spectrum extends 
from 100 cps to 550 cps. The tape recorder 
is an endless-loop, two speed design running 
a t  0.4 ips record and 12 ips playback speed. 
Thr endless loop records continuously, day 
and night, except during a playback se- 
quence. A hysteresis synchronous motor 
generntes torque in the record mode through 
a mylar belt speed reduction. The fourth 
subharmonic of the tuning fork oscillator, 
generated by flip flops, drives a cam shaft 
which activates a bank of microswitches 
connected to the five commutated subchan- 
nels of the time-sharing sixth channel. Each 
is sampled for six seconds and the fifth in- 
cludes a group of seven to be subcommutated. 

Playback is initiated upon command by 
applying power to a direct current motor. 
A magnetized flywheel generates a frequency 
proportional to the motor speed. A fre- 
quency discriminator feeds the error signal 
to the stabilized power supply of the motor 
and closes thc servo loop. Playback speed 
is essentially constant from 0" to 5OOC. A 
low flutter and wow of 2.556 peak-to-peak, 
measured without frequency limitations, is 
achieved by using precision bearings and 
ground-in-place shafts having tolerances of 
better than 60 parts per million. A com- 
mand pulse activates the playback motor, the 
playback amplifier, and the 238 mc F M  te- 
lemetry transmitter feeding the duplexer 
and antenna. 

The playback time, approximately 200 sec- 
onds, is controlled by a switch which oper- 
ates only during the playback mode. This 
switch rotates one revolution in 200 seconds, 
activating a microswitch which returns the 
system to the record mode and, thus, ter- 
minates the playback mode with one com- 
plete revolution of the magnetic tape. How- 
ever, the playback mode experienced a 
malfucntion at low temperatures in TIROS 

11 



VI1 from Orbit 573. Due to an apparent 
frictional drag on the shaft by the clutch in 
the mechanical linkage from the record 
motor to the reduction gears, the switch was 
rotated during the record mode. Conse- 
quently, at the start of the playback mode, 
the switch was in such a position that less 
than one complete revolution of the tape was 
required before the switch activated the re- 
turn to record mode. This necessitated an- 
other command signal to be sent to initiate 
a second and complete playback of the tape. 
Some data were lost, since at the termination 
of the first playback, the record mode erased 
the data on the tape; thus, only data from 
the end-of-tape to the beginning of the sec- 
ond playback were recovered. Fortunately, 
the first playback, although variable in 
length, was short, resulting in the loss of 
only a small amount of data from each orbit. 

In order to permit comparison of the ra- 
diation data with TV pictures, each TV 
shutter action generates a 1.5 second pulse 
which is recorded as an amplitude modula- 
tion of the channel 7 timing signal. 

There are nine solar cells mounted behind 
narrow slits for north angle determination. 
These slits have an opening angle of close 
to l8Oo in planes through the spin axis. The 
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 in- 
dicator code so that spin rate information 
and a measurement of relative sun position 
is available. Again, this pulse is recorded as 
an amplitude modulation of channel 7. 

Reconstruction of the radiation informa- 
tion vitally depends on its correlation with 
absolute time. An accurate, but relative, 
timing signal is provided for by the tuning 
fork oscillator and a crude one by the sun 
pulses, except when the satellite is in the 
earth’s umbra, Absolute time is transmitted 
to the satellite and recorded on the tape as 
a one-second dropout of channel 7. This 
pulse is designated as the End-of-Tape 
(E.O.T.) , and ita occurrence is known within 
milliseconds of absolute time. 

4.2 Information Flow at the Command and 
Data Acquisition Station 0 * 4 3  

Upon interrogation, the 238 mc carrier is 
received by an antenna ; the composite signal 
is recorded on magnetic tape and simultane- 
ously fed to a “Quick Look” demodulator 
(Figure 61a). At the same time, the en- 
velope of channel 7 and the clipped signal of 
channel 2 are graphically recorded. The 
8-12p “events” on the graphic record show 
alternately the earth and sky scan intervals 
as the satellite spins and progresses along 
the orbit. The channel 7 envelope shows the 
three distinctive types of AM pulses im- 
pressed on the clock frequency during re- 
cording; namely ,the sun sensor pulses, the 
TV camera pulses, and the “end-of-tape” 
pulse. Auxiliary uses of the radiation data 
(Figures 61b and 61c) include determina- 
tion of the spin axis attitude in space and 
the times. when the TV pictures were taken 
and recorded in the satellite to be read out 
later over a ground station. 

The magnetic tapes are, then, routinely 
mailed every day to the Aeronomy and Mete- 
orology Division, GSFC, Greenbelt, Mary- 
land. 

4.3 Information Flow (it the Data Process- 
ing Center 0,411 

At the Data Processing Center of the 
Aeronomy and Meteorology Division, the 
master tapes containing the composite ra- 
diation signal are demultiplexed, demodu- 
lated, and fed into an analog-to-digital con- 
verter (Figure 62). The pressure is read 
separately. The analog-to-digital converter 
produces a magnetic “Radiation Data Tape” 
made up of 36 bit words suitable for an IBM 
7094 computer, The sampling rate for data 
acquired between launch and orbit 1072 was 
the same as it had been on all previous 
TIROS five-channel radiometer experiments, 
i.e., one data sample for every 72nd cycle of 
the 560 c.p.3. channel 7 clock (or one sample 
every 0.1309 seconds), To increase the re80- 
lution of the reduced data, the sampling rate 
was increased b y  a factor o f  two beginning 
with orbit 2080. For orbit 1080 and all later 
orbits, therefore, a data sample was digitized 
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for every 36th clock cycle (or  one sample 
every 0.06545 seconds). The result of this ac- 
tion was merely to double the number of data 
samples on the FMR tape. An auxiliary 
form for the repository of the radiation data 
is the oscillogram, or  analog record, pro- 
duced a t  this stage of the information flow. 
The analog record can be used for special 
“hand” analyses of the data. 

4.4 Information Flow at the Data Reduc- 
tion Ccnter 

The IBM 7094 computer program requires 
input from three sources to produce, in 
binary form, the “Final Meteorological Ra- 
diation (FMR) Tapes”. One source is the 
“Radiation Data Tape” containing radiation 
data and satellite environmental parameters 
in digital form. Another source is the cali- 
bration data for converting digital informa- 
tion to meaningful physical units. The third 
source is the “Orbital Tape” from the NASA 
Space Computing Center containing satellite 
position and attitude data as a function of 
time. The FMR tape then is the basic re- 
pository of data from the medium resolution 
scanning radiometer, In order to study and 
utilize the scanning radiometer data, appro- 
priate computer programs must be written 
to read the FMR tape and provide for print- 
ing out data, punching cards, or  producing 
maps. The format of the FMR tape and the 
make-up of the IBM 7094 computer program 
which produces it are discussed in detail in 
sections 4.6 and 4.6. 

below. The purpose of this section is to em- 
phasize certain features that will aid pro- 
grammers in utilizing these data. 

4.5 Format of the “Final Meteorological 

TIROS VI1 radiation data are available on 
high density, binary tapes prepared on an 
IBM 7094 computer. The FMR tape is the 
Product of a computer program whose input 
is the orbital data, digitized radiation data, 
and TIROS VI1 radiometer calibration data. 
The make-up of this program is discussed in 
section 4.6. The FMR tape contains cali- 
brated radiation measurements, geograph- 
ical locations associated with the radiation 
measurements, orbital data, solar ephemeris, 
and satellite environmental temperatures. 
The exact format of these data is described 

Radiation Tape” 

Each orbit of radiation data is treated as 
a file which contains a documentation record 
plus data records that represent approxi- 
mately 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 is defined 
as the number of days between zero hour of 
September 1, 1957, and zero hour of launch 
date. TIROS VI1 time counts zero time as 
zero hour a t  Greenwich on the day of launch, 
thus launch time is given in GMT and launch 
day is zero day, with succeeding days num- 
bered sequentially. However, the satellite 
life extends beyond 100 days, and for each 
succeeding period of approximately 100 days 
the value of dref is redefined by adding ap- 
proximately 100, while the TIROS VI1 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 lD, l A ,  
and 2D. In the case of satellite-earth orien- 
tation such that the radiometer continuously 
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 lD,  lA ,  and 2D. The End of File gap 
will be duplicated at the end of the last file 
on each FMR tape. 

For each earth-viewing swath, the radia- 
tion measured from channel l (14.8-16.5~)~ 
channel 2 (8.0-12.0~), and channel 4 (8.0- 
3 0 . 0 ~ )  is reported as an equivalent black- 
body temperature in OK, while the radiation 
measured from channel 3 (0.2-6.0~) and 
channel 5 (0.55-0.76~) is reported as an  
effective radiant emittance in watts/meter2. 
For each fifth measurement in a swath, the 
point on earth being “viewed” by the radi- 
ometer is defined in terms of latitude and 

‘ longitude. These computations are based on 
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the best available estimate of satellite atti- 
tude. 

In order that  the user may distinguish 
between data from the wall and floor sides 
of the satellite, the data words containing 
the measured enei’gy a re  labeled with a 1 in 
position 19 when the ivall side of the satel- 
lite is viewing the earth. The user should 
realize that if the signal from the satellite 
becomes noisy, swath sizes, as interpreted by 
the computer, may become abnormal and the 
data can be labeled and located incorrectly. 
In order to flag abnormal data, minus signs 
are  inserted for the following three reasons : 

1. A measurement within a swath whose 
digital response falls below the arbitrarily 
defined threshold between earth and space. 
(The end of a swath is arbitrarily defined 
by three consecutive measurements falling 
below the threshold.) 

2. An entire swath is labeled with minus 
signs when the observed swath size falls out- 
side of the theoretical swath size &25Sb. 
The theoretically computed swath size is 
based on the best available estimate of satel- 
lite attitude, height, and spin rate. 

3. The entire swath is labeled with minus 
signs when it  is either the first or last swath 

in the closed mode. ( I n  the closed scanning 
mode the radiometer continuously scans over 
the earth for more than one spin revolution 
without viewing the horizon or  space.) 

Channel 3 and channel 5 on TIROS VI1 
can reach a saturation limit at lower radia- 
tion intensities than has been the case with 
any previous satellite. In order to detect 
this condition, the data word containing en- 
ergy measured by channel 3 and channel 5 
is labeled with a “one” in position 18 when- 
ever the observed energy intensity exceeds 
the saturation limit. Saturation limits for 
the wall and floor sides separately are  indi- 
cated at the upper right-hand extremities of 
the calibration curves for channel 3 (Fig 
ures 33-39) and channel 5 (Figures 47-53). 
For example in Figure 33 the effective radi- 
an t  emittance “saturates” at 344.0 watts/ 
meter for the floor side and 333.0 watts/ 
meter for the wall side. Zf m y  highor 
i * i i l i i o a ~  of rtrditrnt vmittiincc should iictiicilly 
b r ~  i * i c w r d  h ? j  tho uidiomr~tcr ,  thry  w o d d  still 
br rrpovtod 11.9 tho “scctui~ition iwlii i~.~” on 
f h c  FMR tripv.  However, in practice meas- 
urements exceeding the “saturation limits” 
have only rarely been observed in TIROS 
VI1 (except in periods when direct solar in- 
terference occurs; see Section VI below). 

FORMAT OF FINAL METEOROLOGICAL RADIATION TAPE 
Dociitiientntion Record 

~ 

Word No. 

Day _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Hour _ _ _ _ _ _ _ _ _ _ _ _ _  
Minute _ _ _ _  _ _ _ _ _ _ _  
Seconds___--__---- 
Day _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Hour _ _ _ _ _ _ _ _ _ _ _ _ _  
Minute _______-___ 
Seconds _ _ _ _ _ _ _ _ _ _ _  

Units 

TIROS VI1 Day _ _ _  
Z Hour _ _ _ _ _ _ _ _ _ _ _  
Z Minute _ _ _ _ _ _ _ _ _  
Z Seconds _ _ _ _ _ _ _ _  
TIROS VI1 Day _ _ _  
Z Hour _ _ _ _ _ _ _ _ _ _ _  
Z Minute _ _ _ _ _ _ _ _ _  
2 Seconds _ _ _ _ _ _ _ _  

Scaling 

B = 35 

B = 35 
B - 35 
B - 26 
B = 35 

B = 35 
B - = 26 

Remarks 

Number of days between 
zero hour of Sept. 1, 1967, 
and zero hour of launch 
day. 

Date of Interrogation ex- 
pressed as a packed word, 
i.e., February 8,1964 would 
be (020864)roor (021004).. 
These numbers are shifted 
to the extreme right side 
of the data word. Only the 
last digit of the year is 
retained for 1964. 

Start time of this Ale of 
radiation data. 

Time of Interrogation, Le., 
end time of this Ale of 
radiation data. 
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Wold No. 

11 _ _ _ _ _ _ _ _  
12 _ _ _ _ _ _ _ _  

- -  - .. 

13 _ _ _ _ _ _ _ _  
1 4  _ _ _ _ _ _ _ _  

Quantity 

Satellite Spin Rate _ 
Frequency _ _ _ _ _ _ _ _  

3A _ _ _ _ _ _ _  

4D _ _ _ _ _ _ _  
4A _ _ _ _ _ _ _  

6D _ _ _ _ _ _ _  

Units 

Deg/Sec _ _ _ _ _ - _ _ _ _  
36,72,144 _ _ _ _ _ _ _ _ _  

5A _ _ _ _ _ _ _  

I Orbit No. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Station Code _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

6D _ _ _ _ _ _ _  

I1 - 35 

n - 35 

6A _ _ _ _ _ _ _  

7D _ _ _ _ _ _ _  

7A _ _ _ _ _ _ _  

Scaling 

I1 26 
13 35 

Latitude _ _ _ _ _ _  _ _ _ -  

Latitude _ _ _ _ _ _ _ _ -  ~ 

Longitude ____-_  -. 

Latitude _ _ _ _ _ _ _ _ _. 

Degrees K _ _ _ _ _ _ _  

Degrees K _ _ - _ _ _ _  

Kilometers _ _ _  _ _ _ _  

Degrees _ _ _  _ _ _ _ _ _  

Degrees _ _ _ _  _ _ _ _. 

Degrees _ _ - _ - - - - . 

n 17 
R 3 

I1 29 

n - 3 5  

B -  17 

I1 35 

n 11 

n 20 

R -  8 

29 

n -11 

€3 - 29 

Remarks 

Satellite spin rate. 
Data sampling frequency 

(cycles of a 550 cps tun- 
ing fork) .  

Orbit No. at  time of Inter- 
rogation. 

Code defining ground station 
(4‘l’’ for  Wallops Is., Va., 
“2” for San Nicolas Is., 
Calif., “3” for  Fairbanks, 
Alaska). 

- -  - - -  

TIROS VI1 Day 
Z time in day specified in 

wold 1 I) 
Greenwich hour anEle and 

declination of sun a t  time 
specified in wot~ls  I I ) ,  l A ,  
and 2D. DO ’ a1.e aclcletl to 
declination to  yield posi- 
tive numbers. 

Reference temperature of 
the medium resolution 
radiometer. 

Reference temperature of 
main deck electronics. 

Height of satellite at  time 
specified in woids l D ,  l A ,  
and 2D. 

Latitude of suhsatellite point 
a t  time specified in words 
II), l A ,  2D. 90” are  added 
to all latitudes to  yield 
positive numbers. 

Longitude of subsatellite 
point at  time specified in 
words ID,  l A ,  21). Longi- 
tudes a r e  reported a s  0 to 
360”, with west being posi- 
tive. 

Seconds past time specified 
in words ID,  l A ,  21) when 
first earth-viewing re- 
sponse is detected, and 
every fifth response there- 
after. 

Latitude of subsatellite point 
a t  time specified in words 
lD,  l A ,  2D, 6D. 90” are 
added to all latitudes to 
yield positive numbers. 

Longitude of suhsatellite 
point a t  time specified in 
words l D ,  l A ,  2D, 6D. 
Longitudes are reported 
as 0 to 360”, with west be- 
ing positive. 

Latitude of point on ear th  
being “viewed” by radi- 
ometer a t  time specified in 
words l D ,  l A ,  2D, 6D. 90” 
a r e  added to all latitudes 
to yield positive numbers. 
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Word No. 

8D _ _ _ _ _ _ _  

8A _ _ _ _ _ _ _  

9D _____-- 

9A _ _ _ _ _ _ _  
10D _ _ _ _ _ _  
10A _ _ _ _ _ _  
11D _ _ _ _ _ _  
11A _ _ _ _ _ _  
12D _ _ _ _ _ _  
12A _ _ _ _ _ _  
13D _ _ _ _ _ _  
13A _ _ _ _ _ _  
14D _ _ _ _ _ _  
14A _ _ _ _ _ _  
16D _ _ _ _ _ _  
16A _ _ _ _ _ _  
16D _ _ _ _ _ _  
16A _ _ _ _ _ _  
1 7 0  _ _ _ _ _ _  
17A _ _ _ _ _ _  
18D _ _ _ _ _ _  
18A _ _ _ _ _ _  
19D _ _ _ _ _ _  
19A _ _ _ _ _ _  
20D _ _ _ _ _ _  
20A _ _ _ _ _ _  
21D _ _ _ _ _ _  
21A _ _ _ _ _ _  
22D _ _ _ _ _ _  
22A _ _ _ _ _ _  
23D _ _ _ _ _ _  
23A _ _ _ _ _ _  
24D _ _ _ _ _ _  
24A _ _ _ _ _ _  

Quantity 

Longitude _ _ _  - _ _  _ _  

Nadir Angle _-____ 

Azimuth Angle _ _ _ _  

Units 

Degrees _ _ _ _ _ _ _ _ _ _  

Degrees _ _ _ _ _ _ _ _ _ _  

Degrees _ _  _ _  _ _  _ _ _ _ 

Degrees K _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ _ _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ - - _ _  _ _ _  - - 

Degrees K _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ ______---  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ - _ _ _  _ - _ _  - 
Degrees K _ _ _ _ _ _ _ -  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ _ _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ _ _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ _ _ _ _ _ _  _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ _ _  _ _ _ _ _  _ _  
Degrees K _ _ _ _ _ _ _ _  
Degrees K 
Watts/m’ _ _ _ _ _ _ _ _ _  
Degrees K _ _ _ _ _ _ _ _  
Watts/m’ _ _ _ _ _ _ _ _ _  

---_-------_____---_ 

Remarks 

Longitude of point on earth 
being “viewed” by radi- 
ometer at time specified in 
words lD,  IA, 2D, 6D. 
Longitudes are reported 
as 0 to 360”, with west be- 
ing positive. 

Nadir angle of optic axis 
from radiometer to point 
specifled in words 7A, 8D. 

Azimuth angle of optic axis 
from radiometer to point 
specified in word 7A, 8D. 
This angle is measured 
clockwise from north and 
expressed as a positive 
number. 

Measurement by each of the 
flve medium resolution 
channels at time specifled 
in lD, lA,  2D, 6D when 
radiometer is “viewing” 
point on earth specifled in 
words 7A, 8D. 

The data sample immedi; 
ately following the meas- 
urement recorded in words 
10D-12A. 

The data sample immedi- 
ately following the meas- 
urement recorded in words 
13D-16A. 

The data sample immedi- 
ately following the meas- 
urement recorded in words 
16D-18A. 

The data sample immedi- 
ately following the meas- 
urement recorded in words 
19D-21.A. 

The block of data from words 6D to 24A tion ; if the End of Tape signal occurs within 
will be repeated, thus defining every fifth an earth-viewing swath, that entire swath 
measurement in a swath. The address of is discarded. Each time the swath termi- 
the third word in the last response of a nates, two words (N and N+1) will follow 
swath will contain 010101010101010 to sig- the last “earth-viewing” response with the 
nal end of record. A “look ahead” feature following format: 
is incorporated into TIROS VI1 data reduc- 
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Word No. Quantity 

Longitude _ _ _ _ _ _ _ _  

Units 

111111111111111 -- 
Degrees __------- - 

Degrees __------ -- 

Occasionally dropouts are encountered 
and the corresponding data records contain 
no radiation data. This event is relatively 
rare in TIROS VI1 data, but in such cases 
the radiation data record contains only five 
words (1D to SA) which document the re- 
cord with respect to time. In such records, 
the datum in the address of the third word 
(TP) is destroyed by the End of Record code. 

A flow diagram to aid in interpreting this 
format is shown in Figure 63. It  is seen that 
the format is analogous to four “nested 
loops” (in programming language), Le., 
groups of five responses, entire swaths, one- 
minute records, and files. I t  is pointed out 
that a particular swath (and, hence, a par- 
ticular record and a particular file) can end 
either on the “anchor data response” or on 
any of the four following non-geographically 
located data responses and that Figure 63 
merely illustrates one possible combination 
of ending responses. 

4.6 IBM 7’094 Computer Flow Diagram 
The FMR tape as described in the previous 

section is prepared with an IBM 7094 com- 
puter program whose input consists of or- 
bital data, digital radiation data, and TIROS 
VI1 radiometer calibration data. The flow 
chart shown in Figure 64 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 

~ 

Scaling 

__c-_--_--- 

B = 29 

B - 11 

B - 29 

-- 

Remarks 

Code indicating end of swath 

The minimum nadir angle 
that occurred in the pre- 
viously defined swath 

Latitude of point on earth 
being “viewed” by radio- 
meter when the minimum 
nadir angle occurred. 90” 
are added to all latitudes 
to yield positive numbers 

Longitude of point on earth 
being “viewed” by radio- 
meter when minimum 
nadir angle occurred. 
Longitudes are reported as 
0 to 360°, with west being 
positive. 

condensed since it is impossible to preseqt 
a detailed flow chart within the space limita- 
tions of this publication. 

The first phase of this program sets up 
the documentation data and then reads the 
entire file of radiation data to compute the 
start time from the end-of-tape time and the 
data sampling frequency. Given the start- 
ing and ending times, the program then 
searches the orbital tape to find orbital data 
(subsatellite point, height, nadir angle, right 
ascension, and declination) covering the 
same time interval. These data are then ar- 
ranged in tables as a function of time so 
that interpolation subroutines can be used in 
the second phase to obtain values of the or- 
bital characteristics for any specified 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 attitude 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 mete- 
orological data. This begins with a detailed 
examination of the radiation data to dis- 
tinguish between earth and space-viewed 
data. This distinction is based on an arbitrar- 
ily defined threshold value applied to channel 
2. Both sides are assumed to be viewing space 
when the measured radiation falls below the 
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threshold value, and one side is viewing the 
earth when the measured radiation exceeds 
the threshold value. The end of swath is 
arbitrarily defined as three consecutive 
space-viewed measurements. 

For  each earth-viewing swath, the pro- 
gram proceeds to determine which side is 
viewing the earth, computes the latitude and 
longitude of the point on earth being 
"viewed" by the radiometer for each fifth 
measurement in the swath, and converts the 
digitized data into radiation units for each 
measurement in the swath. The data words 
containing radiation measurements contain 
a "1" in position 19 when the wall side is 
viewing the earth, and a "1" in position 18 
when the response from channel 3 or chan- 
nel 5 exceeds saturation. 

Each record on the FMR tape covers ap- 
proximately one minute of time and termi- 
nates 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 prep- 
aration for the next orbit of radiation data. 

V. RADIATION DATA COVERAGE 
AND DOCUMENTATION 

5.1 Itadiution Data Coveruge 
The discussion in this section concerning 

the radiation data coverage parallels the dis- 
cussion by Widger and Wood 'Ii on the photo- 
graphic coverage by the TIROS satellite. 

The geographical area from which signifi- 
cant meteorological radiation data are  ob- 
tained by TIROS VI1 is limited mainly to 
the area between 58.2"N and 58.2's. The 
latitudinal limitation is due to  the 58.2' in- 
clination of the orbital plane to the equatorial 
plane. 

The longitudinal limitation is imposed on 
obtaining radiation data due to the location 
of the Command and Data Acquisition sta- 
tions since the range at which each station 
can contact the satellite and acquire data is 
limited to  the line of sight from the ground 
to the satellite. To obtain as noise-free data 
as possible the antenna elevation angles are  

generally limited to  a minimum of 10' above 
the horizon. Figure 65 shows the data ac- 
quisition circles for a 10" antenna elevation 
angle at Wallops Island, Virginia; San 
Nicolas Island, California ; and Fairbanks, 
Alaska. Mountain ranges south of the Fair- 
banks station prevent the acquisition of data 
for elevation angles less than 17.8' which 
causes a perturbation of the 10" elevation 
circle between azimuth angles of 158" and 
202" (measured clockwise from true north).  

Figure 65 also shows the trace of the sub- 
point tracks for 10 successive orbits. This 
series of tracks shows that only a maximum 
of 9 orbits can be interrogated in one inter- 
rogation day. If orbit N can just be acquired 
by the Wallops Island station, then orbit 
N + 9  is the first orbit which cannot be ac- 
quired by the Fairbanks station. The dashed 
line shows the last orbit which may be ac- 
quired by Fairbanks. Orbits with ascending 
nodes from longitude 70°E westward to  
longitude 7 5 W  cannot be acquired by any 
of the stations. Also orbit N + 4  is only rarely 
acquired since either its subpoint track 
falls between the San Nicolas and Fairbanks 
acquisition circles or  if the track does cross 
the Fairbanks circle, there is insufficient 
time to playback the data. 

The interrogation day includes all orbits 
interrogated in the series of 9 consecutive 
orbits which come within range of the ac- 
quisition stations during each 24-hour period 
as shown in Figure 65. The interrogation 
day can and often does occur on two separate 
calendar days. The shaded area of Figure 65 
shows the geographical area where nearly all 
radiation data are  acquired. The unshaded 
areas between 58.2"N and 58.2's latitude 
show the longitudinal limitation on the ac- 
quisition of data due to the location of the 
acquisition stations. Because of the inclina- 
tion of the sensors to the spin vector and/or 
the precession of the spin vector, some data 
are  acquired to  about 69"N and 69"s latitude. 
However, the number of data samples ac- 
quired in this area is small compared to the 
number in the shaded area of Figure 66. 

Further latitudinal limitations are  imposed 
on obtaining reflected solar radiation meas- 

18 



urements because of the need for solar illumi- 
nation. Because of the slight bulge of the 
earth at the equator, the satellite orbital 
plane precesses in right ascension at the rate 
of -3.76 deg,/day. This is illustrated in Fig- 
ure 66, where the spin vector and orbital 
plane orientation for selected orbits of 
TIROS VII, as viewed from the sun, are  
shown. The quantity A D  is defined as the 
right ascension of the sun minus the right 
ascension of the orbital ascending node. Due 
to the precession of the orbital plane and the 
movement of the earth in its orbit, a com- 
plete cycle of the precession of the plane of 
the satellite's orbit relative to  the sun 
(synodic period) is completed in about 76.9 
days. 

For any single day the plane of the satellite 
orbit remains nearly fixed in absolute space 
while the earth rotates within the orbit. 
Thus, at a given latitude and considering 
only solar illumination, reflected solar radia- 
tion could be obtained for  all longitudes 
during any single day. The precession of the 
orbital plane causes the illuminated latitudes, 
as seen by the Satellite, to change during one 
synodic period as described below. In  the 
following discussion, the solar illuminated 
area (where solar radiation data are avail- 
able) is defined by requiring the solar zenith 
angle to  be less than 70° and the "scan nadir 
angle" (i.e., the nadir angle of the radiometer 
optical axis) to be less than 68O. The follow- 
ing discussion is concerned only with the 
availability of reflected solar radiation meas- 
urements, 

The time of the TIROS VI1 launch was 
chosen so that  the heliocentric orbital geom- 
etry shown in Figure 66a resulted, and re- 
flected solar radiation data were obtained 
from about 26OS to 69ON latitude. After 
about 10 days, the orbital plane and the sun 
have moved to a a 0  of 180° (Figure 66b) 
which means thatathe descending node occurs 
on the meridian of the subsolar point. At  
this time, reflected solar radiation data can 
be obtained from about 46"s to 69ON latitude. 
BY TIROS VI1 Day 29, or 29 sequential days 
after launch day, A D  is 270" (Figure 66c) 

and the southern part  of the orbit is over the 
sunlit side of the earth. while the northern 
portion of the orbit is on the dark side. How- 
ever, since the subsolar point is in the North- 
ern Hemisphere at a declination of 21.l0, and 
since useful solar radiation data are defined 
for a solar zenith angle of less than 70°, only 
latitudes north of about 49"s are  thus illumi- 
nated. Therefore, solar radiation data are  
not available because the data are obtained 
south of 49OS on the sunlit side of the earth, 
while the satellite is in the Northern Hemi- 
sphere only at night. On TIROS VI1 Day 
48, A 0  is Oo and the ascending node of the 
orbit is on the sunlit side of the earth (Figure 
66d). Reflected solar radiation data are 
available from 53"s t o  69"N latitude. Con- 
tinued precession until TIROS VI1 Day 67 
moves the orbit to a A 0 of 90" (Figure 66e) 
where the solar data coverage is from 8"N 
to 69"N latitude. At this time the satellite 
is in the Southern Hemisphere only at night. 
On approximately TIROS VI1 Day 75.9, the 
orbital plane has the same orientation with 
respect to  the sun as at launch. The whole 
precession cycle then repeats with a synodic 
period of about 75.9 days throughout the 
satellite's lifetime. The northern and south- 
ern latitudinal limits of reflected solar radia- 
tion coverage vary from one synodic period 
to the next due to the changing subsolar 
latitude. 

The reflected solar radiation coverage for  
TIROS VI1 from June 19, 1963 to September 
30, 1963 is summarized in Figure 67. The 
shaded area indicates the illuminated lati- 
tudes for each TIROS VI1 Day. Disregard- 
ing the solar illumination requirement, the 
medium resolution radiometer latitude cover- 
age extends from 69ON to 69OS. However, 
reflected solar data could not be acquired for 
all latitudes between 69OS and 69"N due to 
inadequate illumination and the position of 
the orbital plane in relation to the sun. Re- 
flected solar data for one period (centered 
at TIROS VI1 DAY 29) were essentially non- 
existent since the satellite was in the north- 
ern hemisphere at night and crossed the high 
poorly-illuminated latitudes in the sunlit 
southern hemisphere in the daytime. 
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5.2 Documentation of Radiation Data 
The radiation data available on the FMR 

tapes have been documented in an Index of 
Final Meteorological Tapes. This Index, 
which is found in Appendix A, lists informa- 
tion for the orbital ascending node, the spin 
vector attitude, and the spin rate for every 
TIROS VI1 orbit for which radiation data 
are available. The time interval for which 
radiation data are available in each processed 
orbit is also listed in Appendix A. 

For each interrogation day, the time in- 
terval for the radiation data on the FMR 
tapes is summarized diagrammatically on the 
subpoint tracks for that day. Information 
concerning the minimum nadir angle is also 
included, The presentations are located in 
Appendix B and are identified by calendar 
date. This presentation allows the user to 
find applicable orbits quickly and approxi- 
mate the geographical area of radiation data 
coverage. The user of reflected solar radia- 
tion data should also refer to Figure 67 to 
determine the latitudinal extent of the re- 
flected solar radiation data coverage. 

VI. PRE-LAUNCH AND POST- 
LAUNCH PERFORMANCE OF 

THE RADIATION EXPERIMENT 

6.1 Pre-Launch Behavior of the Experiment 
As indicated in Section 3.6 pre-launch 

checks of calibration made between 27 April 
and 19 June 1963 did not indicate any 
change in the response of channels 1, 2, 3, 
and 5. But due to an apparently unstable 
transistor, the channel 4 oscillator fre- 
quency-vs.-voltage curve was observed to 
have shifted upward about 2?4 C.P.S. several 
days before shipment of the radiometer from 
the RCA factory to Cape Kennedy. This 
effect persisted for a few days after launch, 
after which it was observed to diminish 
(cf. Figure 68a). 

Although pre-launch calibration tests did 
not show any degradation for channels 3 
and 5, their initial “quasi-global” albedos 
are considerably lower than expected and 
required for internal consistency with meas- 

urements from the long-wave channels. 
Therefore, the possibility of a degradation 
of channels 3 and 5 occurring sometime be- 
fore acquiring data from the first orbit can 
not be discounted; on the other hand, the 
explanation may lie in other areas, as yet 
undetermined. 

6.2 Post-Launch Behavior of the Expwi- 

There is strong evidence that all channels 
of the TIROS VI1 medium resolution radio- 
meter changed in response after going. into 
orbit, as did all channels of previous instru- 
ments flown on TIROS 11, 111, and IV.+’J 
The post-launch degradation has been ob- 
served in two ways. First, as pointed out in 
Section 3.6 the space-viewed level can be 
considered to be a single-point check of cali- 
bration, and any shift observed in this level 
after the original calibration indicates that 
a change has occurred in the system. A 
shift could be caused by an imbalance which 
develops between the floor and wall optical 
paths in one of the emitted thermal radia- 
tion channels, or by a drift of the transfer 
functions of the satellite-borne electronics 
associated with either the reflected solar or 
thermal radiation channels (a detailed dis- 
cussion of possible mechanism’s for explain- 
ing instrumental degradation is found in the 
“TIROS I11 Radiation Data Users’ Manual 
Supplement”*’ and will not be repeated 
here). Because the ground demodulation 
equipment is readily accessible and con- 
stantly checked and aligned, the possibility 
of its contributing to a persistent shift in the 
space-viewed level can be discounted. 

The weight of evidence to date indicates 
that the primary cause of shifts of the space- 
viewed levels of the thermal radiation chan- 
nels of previous TIROS radiometers has 
been an imbalance which developed between 
the floor and wall paths of the optics. This 
type of degradation is accompanied by char- 
acteristic “negative-going pulses’’ and is 
called “asymmetrical optical degradation.“” 
Because a shift in the space-viewed level due 
to asymmetrical optical degradation results 
from chopped thermal radiation emitted 

ment 
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from components of the radiometer within 
the passband of the filter, it  follows that this 
type of degradation cannot be a cause of a 
shift in the space-viewed levels of the re- 
flected solar radiation channels which are 
not sensitive in the infrared. In the period 
between launch and 30 September 1963 no 
appreciable asymmetrical optical degrada- 
tion was detected in any of the channels of 
the TIROS VI1 radiometer. 

However, for the first time, strong evi- 
dence exists that “electronic degradation” 
occurred in TIROS VZZ. Electrenic degrada- 
tion is uniquely characterized by a shift in 
the space-viewed level (without accompanying 
negative-going pulses in the case of a thermal 
radiation channel) .47 As previously indicated, 
this type of degradation was observed before 
and immediately after launch in channel 4. 
The shifts of the space-viewed levels, AF, of 
all channels of TIROS VI1 are shown in Fig- 
ures 68a and 68b. Evidence of electronic deg- 
radation occurring in the channel 4 oscilla- 
tor is seen in the initial AF value of 2.5 c.P.S. 
This value decreases rapidly within the first 
several days and remains at a value of about 
-0.76 C.P.S. for the remainder of the first 1526 
orbits. Because of certain inaccuracies in 
determining the space-viewed levels, values 
of AF whose absolute magnitudes are less 
than 1 are not considered to be significant. 
Using this criterion there is evidence of some 
electronic degradation in channel 3 after 
orbit 600 when its AF dips slightly below 
-1.0 and stays there for the remainder of 
the first 1626 orbits. The AF values of all 
other channels generally stay within =tl C.P.S. 
throughout the first 1626 orbits. 
AS pointed out in the “TIROS I11 Supple- 

ment,47” it is very difficult to distinguish be- 
tween the effects of a rotation in the oscilla- 
tor transfer function and symmetrical 
optical degradation; hence, we shall adopt a 
compound degradation model” which con- 

siders electronic degradation and which may 
OT may not include symmetrical optical deg- 
radation. A schematic representation of 
this model is shown in Figure 69. The single 
transfer function shown applies to the com- 
bination of a voltage controlled oscillator 
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and its associated radiometer channel (cf. 
Figure 10). From Figures 33-39 and 47-53 
it  is seen that the idealized linear transfer 
function of Figure 69 is a fairly good ap- 
proximation. From Figure 69 it follows that 
the correction for a degraded measurement, 
W’, is given by 

(7) 
where K‘ and pi are parameters which are a 
function of the orbit number, i. When there 
is no shift in the space-viewed level (Le., 
when AF = 0 and, therefore, pi = 0) ,  Equa- 
tion (7) reduces to the form 

w = Ki W’ (8) 
which is equivalent to that employed in the 
symmetrical optical degradation model.” 

Symmetrical optical degradation may exist 
for all channels without any shift occurring 
in the space-viewed levels. In the absence 
of an adequate on-board calibration, this type 
of degradation has been indicated by the be- 
havior of large quantities of data analyzed 
statistically by a computer program origi- 
nally designed to study the “quasi-global” 
heat balance. This program (designed for 
the earlier TIROS experiments where the 
orbital inclinations were 4 8 O )  analyzes data 
acquired within the broad zone between 66ON 
latitude and 66OS latitude. In applying this 
program to TIROS VII, some high-latitude 
data are rejected because, with a 10O-larger 
orbital inclination, additional radiation 
measurements were made poleward of the 
6 6 O  latitudes. Also (as in the previous TIROS 
experiments) there are areas equatorward 
of the 6 6 O  latitudes where data cannot be 
acquired due to the locations of the Command 
and Data acquisition stations. Nevertheless 
it was felt justified to use the existing com- 
puter program, with some modifications, to 
investigate possible degradation of the 
TIROS VI1 radiometer sensors. Throughout 
this volume, then, the term “quasi-globe” 
shall refer to that portion of the broad zone 
between 66ON latitude and 66OS latitude 
where data were acquired by the TIROS VI1 
radiometer. 

The “heat balance” program was designed 
to convert individual measurements from 

- 
w = K i  [V + p i ]  

- - 
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channels 2 and 4 to total outgoing long-wave 
flux, W ,  by the methods given by Wark, 
Yamamoto, and Lienesch 33 and to average 
the calculations accumulated throughout a 
sustained period over time and area to yield 
the “cumulative quasi-global emitted radiant 
power.” The program was also designed to 
calculate reflectances from individual meas- 
urements from channels 3 and 5 according 
to the Lambert cosine law and to average the 
calculations accumulated throughout a sus- 
tained period over time and area to yield the 
“cumulative quasi-global albedo.” 

Two specific modifications to the program 
(as it was used in the TIROS 11, 111, and IV 
analyses) were made for the TIROS VI1 
degradation analysis (cf. References 1 and 
47) : 

1. In the TIROS VI1 analyses the com- 
puter calculated daily averages from day 0 
to day 38 and two-daily averages thereafter, 
instead of “cumulative” averages over sus- 
tained periods, which mask the true magni- 
tude of the day by day changes in the instru- 
ment L 47, and 

2. In the TIROS VI1 analyses of channels 
2 and 4 the computer averaged measurements 
of effective radiant emittance, r, directly, 
instead of converting the measurements to 
total outgoing long-wave flux, W ,  which 
serves to mask the true magnitude of the 
instrumental degradation.** 4 7  

Except for these two modifications the pro- 
gram operated with minor modifications in 
the same way that it had for the previous 
TIROS satellites. A full discussion of this 
program and of the models which attempt to 
correct the degraded measurements is found 
in the “TIROS I11 Supplement ‘?” and will 
not be repeated here. 

Although this volume is concerned only 
with the first 1525 orbits (days 0-103), re- 
sults from computer runs using data acquired 
within the first 380 days are shown in Fig- 
ures 70-74. Data after day 103 become pro- 
gressively more sparse in these Figures be- 
cause much of the data is not yet reduced to 
the FMR tape format. However, the results 
available at this time are shown to indicate 
possible long-term fluctuations which may be 

due to such factors as seasonal changes and 
the cyclic variations in the orbit-sun phase 
geometry (due to the regression of the or- 
bital nodes and the opposing motion of the 
sun), rather than simply to instrumental 
degradation. Smoothed curves of the aver- 
age quasi-global effective radiant emittance, 
W:,,e, and of the quasi-global albedo, Ai ,  are 
shown for the thermal channels (1, 2, and 
4) and the reflected solar radiation channels 
(3  and 5)  respectively vs. days after launch 
in Figures 70-74. Each of these Figures 
shows a more-or-less rapid decrease in the 
magnitude of its measurements with time. 
There remains the question of the absolute 
accuracies of the initial measurements in 
Figures 70-74, and this question must be 
answered before attempting to determine 
corrections to be applied to the measure- 
ments on the FMR tapes to account for deg- 
radation in the instrumental response (or 
for any other systematic factors contribut- 
ing to the observed behavior of the experi- 
ment). 

Of the five channels only channels 1 and 
2 yield measurements in the first few days 
after launch in whose absolute values we 
have high confidence. BotH of these chan- 
nels showed stability in pre-launch checks- 
of-calibration and other tests and the valid- 
ity of their calibrations have been confirmed 
by several post-launch studies. The validity 
of the initial measurements in the 14.8-15.5 
micron region has been shown in papers by 
Bandeen et al.‘# and Nordberg et a1.I‘’ The 
validity of the initial measurements in the 
8-12 micron window has been confirmed by 
comparing the differences between clima- 
tological oceanic temperatures and channel 
2 T,,,, measurements over clear skies with 
the estimated differences given by Wark et 

pared within 5°K. 
On the other hand the initial T,,,, measure- 

ments by channel 4 appear to be definitely 
too high (i.e. approximately equal to the 
channel 2 measurements), and this offset is 
attributed to a shift in the oscillator con- 
nected with the unstable transistor and 
observed rise in the space-viewed level previ- 

~- 

a] . 33 In general the two differences com- 
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ously discussed (this characteristic is  evi- 
dent in the beginning of Figure 72). From 
Figures 73 and 74 the initial quasi-global 
albedos calculated from channels 3 and 5 are  
about 20%. This value is similar to those 
of the initial albedos measured by previous 
TIROS satellites1.4' and, for as yet unex- 
plained reasons, is apparently much too low. 

A recent study of the planetary heat bal- 
ance, using selected portions of data from 
TIROS VI1 over a period of one year, corn- 
pares the planetary albedo as inferred di- 
rectly from channel 5 measurements with the 
albedo required by the total outgoing long- 
wave flux inferred from channel 2 measure- 
ments in combination with the assumption 
that planetary radiative equilibrium exists 
over the year.'" Channels 2 and 5 were 
chosen over channels 4 and 3 for this study 
because the long term stability aspects of 
each of the former were superior to those 
of the latter. The conversion of the essen- 
tially beam measurements of channel 2 to 
total outgoing flux was accomplished by the 
method of Wark et al,n3 and the data were 
extrapolated beyond latitudes 63.6' to each 
Pole by paralleling the data given in the 
Northern hemispheric study of London.4i1 
Even after correcting the albedo values for 
the apparent denradation of channel 5 a 
Planetary albedo of only 20.1 "/o resulted. 
However, the albedo required by the long- 
wave measurements with the assumption of 
annual radiative equilibrium was 32.2 %. The 
resulting ratio 

(9) 

then represents the adjustment factor by 
which channel 5 measurements must further 
be multiplied even after correcting for all 
apparent degradation (assuming that  the 
long-wave measurements are correct). Al- 
bedo measurements from all previous TIROS 
satellites have seemingly been too low by 
approximately the same factor, 1.60, and i t  
is interestingly close to 1.7, a n  "adjustment" 
factor suggested by Fritz e t  al.16 for channel 
3 of TIROS I11 in a study concerning atmos- 
pheric absorption of solar radiation. 

-- - 1.60 32.2 
20.1 

A further characteristic pointed up by the 
planetary heat balance study is the marked 
cyclic variation occurring over each 76-day 
orbital synodic cycle (cf. Figure 66). In  
Figure 75, taken from the study,4N the over- 
all averages of channel 2 effective radiant 
emittances over the globe between latitudes 
63.5O N and S are  shown for  each of 19 
weekly periods during the first year of 
TlROS VI1 (dots with bars). The 19 periods 
are  numbered along the upper abscissa. The 
Roman numerals indicate the calendar 
months represented by groupings of four 
consecutive periods used in seasonal analyses. 
The orbit-sun phase geometry is shown by 
the sinusoid. For example, the solar meridian 
is over, respectively, the descending node, the 
southern-most point, the ascending node, and 
the northern-most point of the orbit at mid- 
week of periods 2, 3, 4, and 5, which also 
correspond to 29 June, 18 July, 6 August, 
and 25 August respectively (cf. Figure 66). 
All periods are similarly spaced every quar- 
ter synodic period (i.e. 19 days) except 1 
which occurs immediately after launch, 19 
which duplicates the geometry of 1 a year 
later, and 14 which was delayed 9 days be- 
cause of solar interference in the short-wave 
channels when the sun was over the descend- 
ing node. A least-squares quadratic curve is 
shown for these over-all "map averages." 
However, there are unavoidable gaps in the 
data coverage, caused by such factors as 
noise and engineering considerations pre- 
venting the successful acquisition and reduc- 
tion of every possible orbit, which might 
bias the map averages. Upon close examina- 
tion of the data, such biases were ascertained 
in the map averages of Figure 75. Therefore, 
averages of the values over an  equatorial 
region of the Pacific Ocean which was uni- 
formly covered by all 19 weekly maps were 
calculated and plotted (squares). The ap- 
proximate boundaries of this area were 30°N, 

3OoS, 180". A least-squares quadratic fit for  
the Pacific Ocean averages is shown in Fig- 
ure 76. This curve indicates virtually the 
same rate of degradation as the curve in Fig- 
ure 71 and is interpreted as representing the 

150"W - 30°N, 120"W - 3OoS, 150"W - 
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true instrumental degradation. An unmis- 
takable cyclic pattern stands out in both 
types of data but especially in the Pacific 
Ocean averages. The highest values occur 
when the sun is over (or  near) the descend- 
ing node (Le., periods 2, 6, 10, 14, and 17), 
with successive decreases over the following 
three periods. Only period 16 deviates from 
this pattern. The reason for  this pattern is 
not clear at this time but is under investiga- 
tion. From Figures 65, 66, and 75, it  is seen 
that the highest values over the Pacific Ocean 
region occur near local midnight when view- 
ing through the wall side only whereas the 
lowest values occur near local sunrise when 
viewing through both the floor and wall sides. 
If the lowest values over the Pacific Ocean 
had occurred one period earlier (Le. near 
local noon when viewing through the Aoor 
side only) one would be tempted to conclude 
that there is a difference in the wall and floor 
calibrations. On the other hand one must 
be cautious in concluding that the variations 
are due on2y to diurnal meteorological effects 
(e.g. clouds) in view of the possibility of a 
difference between the floor and wall which 
does not manifest itself in an observed shift 
in the space-viewed level (cf. 6.2.1 below). 
The second-order corrections mentioned in 
Section 3.4 for the variations of Tc over an 
orbit were applied with the aid of Figures 
17 and 18 and Figures 26-32 in producing 
the map averages and Pacific Ocean averages 
shown in Figure 75. These corrections 
amounted to about one-fifth of the observed 
periodic amplitudes in Figure 75 and actually 
served to decrease them slightly compared 
to the values calculated directly from the 
FMR tapes (where a mean value of T ,  was 
assumed throughout each orbit in originally 
reducing the data). Thus the fluctuations of 
Tc over an orbital period cannot explain the 
76-day periodicity of Figure 75. It is also 
evident from Figure 75 that such cyclic vari- 
ations might be misinterpreted as being due 
to instrumental degradation in a shorter- 
lived satellite. 

In comparing data from channels 2 and 4, 
the method developed by Wark et aLaa for 
converting TRB (or p) measurements from 

these channels to total outgoing long-wave 
flux, W ,  was utilized. Plots of W vs. TeR 
(and r) calculated for three zenith angles 
are shown in Figure 76 (specifically, the 
equations for TIROS 111 and TIROS IV 
given in the Supplement to MSL Report 
10 were used). The following linear fits 
were adopted for comparing data from chan- 
nels 2 and 4 of TIROS VII: 

Chan. 2 . . . .W = 98.35 + 6.32 (10) 
Chan. 4 . . . . W = 20.79 + 4.92 (11) 
Because of the angular motion of the spin 

vector of TIROS over the celestial sphere44 
(Figure A-1) , occasionally the 45O half-angle 
conical figure, generated by the radiometer 
axis in the wall direction as the satellite 
spins, intersects the direct rays of the sun. 
Under these conditions, direct solar radia- 
tion impinges upon the sensors from the wall 
direction momentarily once during each satel- 
lite rotation. Such an unfavorable satellite- 
sun geometry will exist until it is eliminated 
by a change in the attitude of the spacecraft. 
There were three periods in the history of 
TIROS VI1 between launch and September 
30,1963, when such an unfavorable geometry 
occurred, viz,, the periods including the or- 
bits numbered 0321-0343 (TIROS VI1 days 
22 and 23), 0462-0562 (days 30-38), and 
1401-1466 (days 96-99), When the direct 
solar radiation interference affects the long- 
wavelength channels the data are not re- 
duced. However, in several orbits where 
there was no interference with the long- 
wavelength channels but interference with 
the short-wavelength channels only, the data 
were reduced. Data users should note that 
these “sun spikes” in the short-wavelength 
channels will produce erroneous values. Map- 
ping of these data is especially misleading; 
however, one can recognize and eliminate 
these “sun spikes” from computer listings of 
the data. 

6.2.1 Channel 1 The history of AF is shown 
in Figure 68a. The absolute magnitude of all 
values is less than 1 except for a few initial 
measurements which are only slightly greater 
than 1. Therefore the symmetrical optical 
degradation model 4i was used, assuming 
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that the smoothed curve in Figure 70 repre- 
sents the true degradation of the instru- 
mental response. The resulting correction 
nomogram is shown in Figure 77. These 
corrections are to be added to the wall and 
floor T,,,’ measurements contained on the 
FMR tape. In addition to the nomogram 
corrections there is evidence of another devia- 
tion from the original ,preflight calibration. 
In a study of channel 1 data l o  it  was found 
that measurements made over the same area 
a few minutes apart through the floor and 
the wall sides differed by varying amounts, 
generally from’ 4’ to 6OK up to orbit 1626, 
with the measurements made through the 
floor being the higher. No consistent pattern 
has been detected, and we have as yet no 
satisfactory explanation for this effect. Such 
a difference between floor and wall measure- 
ments could readily be explained by the asym- 
metrical optical degradation model given in 
the “TIROS 111 Supplement li” if negative- 
going pulses were observed. But no negative- 
going pulses are observed in the channel 1 
data, and additional investigations are now 
under way attempting to explain this phe- 
nomenon. Hence, for the lack of a better 
Procedure at this time, we suggest increasing 
the wall measurements by an additional 2’ to 
3’K and decreasing the floor measurements 
by the same amount, For example, from 
Figure 77, it is Seen that an equivalent black- 
body temperature of 220’K measured by 
channel 1 during orbit 450 should be in- 
creased by 6OK, and further modified by 
2.5OK, yielding a corrected wall measurement 
of 220° + 6’ + 2.60 = 228.6OK or a corrected 
floor measurement of 220’ + 6’ -2.5’ = 
223.5OK. 

6.2.2 Channel 2 The history of AF is shown 
in Figure 68a. The absolute magnitude of all 
values is less than 1. Therefore, the sym- 
metrical optical degradation model was 
used, assuming that the smoothed curve in 
Figure 71 represents the true degradation 
of the instrumental response. The resulting 
correction nomogram is shown in Figure 78. 
These corrections are to be added to the wall 
and floor T,,,,’ measurements contained on the 
FMR tape. For example from Figure 78 it 

is seen that an equivalent blackbody temper- 
ature of 260°K measured by channel 2 dur- 
ing orbit 1060 should be increased by 2OK, 
yielding a corrected measurement of 262’K. 

6.2.8 Channel 4 The history of AF is shown 
in Figure 68a showing an initial value of 
+2.6 C.P.S. The lack of any “negative-going 
pulses’’ indicated that the degradation was 
at least partially electronic in nature, and the 
previous knowledge of an unstable oscillator 
transistor pointed to a shift in the frequency- 
voltage transfer function of that component. 
The compound degradation model was used 
in the initial degradation analysis in the man- 
ner described below. 

From Figure 69 and equation (7) we oan 
write 

T V ( T B n )  = K +  [ W ‘ ( T B B ’ )  + p’] (12) 
where p4 = (-AFJk) . From Figures 40-46 
and Figure 9 a mean linearized curve of F,w 
vs. was drawn, determining the value of 
k. The parameter, pi, was determined using 
values of AF from Figure 68a. The only re- 
maining step was to determine d, after 
which the equivalent blackbody temperature 
corrections ST,, = T,, - THH’, as a func- 
tion of orbit number, were determined from 
equation (12) with the aid of Figure 9. It 
was assumed that the values of average 
quasi-global effective radiant emittance, w(,,,, 
from Figure 72 could be applied to equation 
(E) ,  yielding 

wa,.r f undrgradrd) = K ’ [  K,:e + p i  1. (13) 

refers to the value from where W,,., 
Figure 72 which would be measured by an 
undegraded channel 4. I t  was decided to 

for channel 4 to “normalize” Waw 
its channel 2 counterpart (which was as- 
sumed to be undegraded on launch day) by 
means of equations (10) and (11). From 

Figure 71 we have on launch day = 24.26 
watts/m’. Substituting this value in equa- 
tion (10) and combining equations (10) and 
(11) we have 
98.36 + 6.32 (24.26) 

- i (undrgraded) 

i fundrgradrd) 
- 

= 20.79 + 4.92 W f i , , e ( u n d r p m d r d )  
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- - 
-Wh, ,p(undrQraded)  = w 3 1 0  = 46.9 watts/m’ 

Il l ‘P 

(14) 
where “310” refers to the orbit (on TIROS 
VI1 day 21) at which the curve of w:,, in 
Figure 72 coincides with the “undegraded” 
value. This value agrees well with 47.1 
watts/m’, the value at  which the quadratic 
least-squares portion of the fit in Figure 72 
(beyond day 30) intersects the ordinate if 
extrapolated backward. Substituting equa- 
tion (14) in equation (13) we have 

Values of K~ then were calculated by equa- 
tion (15) .  

From Figure 68a the initially large value 
of AF decreases and stabilizes at -0.7 C.P.S. 
after only 70 orbits or 5 days (at which time 
the parameter pi was set equal to zero and 
the degradation model became equivalent to 
the symmetrical optical degradation mod- 
el 4 7 ) ,  but the time duration of rapidly chang- 
ing slope in Figure 72 extends over the first 
30 days before apparently becomiqg stabi- 
lized. This behavior is interpreted as indi- 
cating that a marked “rotation” as well as 
“translation” of the oscillator frequency- 
voltage prevailed at launch and that the 
translation of the space-viewed level dimin- 
ished after only 5 days, whereas the rotation 
did not disappear for some 30 days, after 
which symmetrical optical degradation ap- 
parently predominated until about day 249. 
Beginning on day 249 an erratic “stepped” 
characteristic was observed in the space- 
viewed portions of analog presentations of 
channel 4 data. This peculiar behavior quite 
probably is still another manifestation of the 
known oscillator instability and interjects 
added doubt as to the validity of attempting 
to correct the channel 4 data after day 249. 

The correction nomogram for channel 4 is 
shown in Figure 79. These corrections are to 
be added algebraically to the wall and floor 
T,,”’ measurements -contained on the FMR 
tape. For example, f?om Figure 79 it is seen 
that an equivalent blackbody temperature of 
240°K measured by channel 4 during orbit 
100 should be decreased by 3.4% yielding 

a corrected measurement of 236.6OK. 
6.2.4 Channel 3 The history of AF is shown 

in Figure 68b showing a continuing decrease 
to approximately orbit 550 after which AF 
stabilizes at about -- 1.25 c.P.s., indicating 
that a small amount of electronic degradation 
persists over most of the first 1525 orbits. 
Values of the quasi-global albedo were cal- 
culated assuming that all solar radiation was 
diffusely reflected according to the Lambert 
cosine law, and a least-squares quadratic 
curve was drawn through the data in Fig- 
ure 73. The equation used was 

(16) 
where oo ,  the solar zenith angle, was con- 
strained within the limits 0” < o, < 60°. 
The compound degradation model was used, 
and it was decided to “normalize” the data 
to the annual planetary albedo of 32.2% 
deduced from channel 2 and 5 data in Ref- 
erence 48. 

From Equations (7) and (16) and Figure 
69 we have 

-- 
A = W/W* cos O ,  

- - 
W w + p’ 

= K t  [ w* cos 0, ] = A =  - w* cos 0, 

[ kW* AF cos 0, 1 = K4 A’ - 
(17) 

Taking the mean value of cos o ,  over many 
measurements as 

______ 
cos 0, = = 0.827 

(60157.296) radians 
(18) 

and taking the values 
A,,,, = 0.322 (from Reference 48) 

A’,,,,, = A i  (from Figure 73) 
IC = 0.147 c.p.s.,/watts m-2 (from 

-- I Figures 33-39) 
W* = 484.36 watts/m’ 

we have, after substitution in equation (17),  
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Values of K i  were calculated using Equa- 
tion (19) and Figures 73 and 68b, values of 
pi = ( -  A F / k )  were calculated, and both 
were plotted in the nomogram of Figure 80. 
From Figure 80 it is seen that the normaliz- 
ing parameters for orbit 725 are K *  = 1.89 
and p+ = + 8.5 watts/m', and that the norm- 

alized value of a measurement w' = 50 watts/ 
mz becomes 

W = 1.89 [ 50 + 8.51 
- 

= 110.6 watts/m2 (20) 

6.2.5 Channel 5 The history of AF is shown 
in Figure 68b. The absolute magnitude of all 
values is less than 1. For generality the 
compound degradation model was used, 81- 
though the small initial value of pi rapidly 
diminished, and after orbit 70 it  was set to 
zero (at  which time the compound degrada- 
tion model became equivalent to the sym- 
metrical optical degradation model 4i). 

With equation (18) and taking the values 
A,,., = 0.322 (from Reference 48) 
A',,,, = A i  (from Figure 74) 

k = 0.675 c.p.s./watt m-* 
(from Figures 47-53) - 

W* = 117.13 watts/m' 
we have, after substitution in Equation ( 177 , 

\ 65.38 1 J 
Values of K 1  were calculated using Equa- 

tion (21) and Figures 74 and 68b, and ,values 
of pi = ( - a F / k )  were calculated and Plotted 
in the nomogram of Figure 81. In Figure 81 
it is seen that the normalizing parameters 
for orbit 700 are K I  = 1.66 and pi = 0 
watts/m2, and that the normalized value of 
a measurement w' = 10 watts/m' becomes 

W = 1.66 [lo] = 16.5 watts/m* (22) 
6.3 Estimate of the Accuracy of the Data 

Inaccuracies in the data are caused not 
only by the degradation of the various chan- 
nels after the original calibration, but also 
by such effects as wow and flutter in the 
magnetic tape, noise, drifts of T E  and TO 
(and, after orbit 1276, 2'") from their as- 

- 

sumed relationships, and uncertainties in the 
original calibration. 

The estimates of accuracy given below 
apply to the mid-range of target intensities. 
I t  is evident from the figures of F,, vs. TI{,, 
that the accuracy of the thermal channels 
suffers a t  very low target temperatures. 

6.8.1 Channel 1. The estimated short- 
term relative accuracy of measurements 
from a given side (floor or wall) is &2'K, 
and the estimated absolute accuracy is k7'K 
after applying corrections from Figure 77. 
6.3.2 Channel 2. The estimated short- 

term relative accuracy of Tltn measurements 
from a given side is *:2OK, and the estimated 
absolute accuracy is k5"K after applying 
corrections from Figure 78. 

6.3.3 Channel 4. The estimated short- 
term relative accuracy of TRn measurements 
from a given side is *2"K, and the estimated 
absolute accuracy is &8OK after applying 
corrections from Figure 79. 

6.3.4 Channel 3 and Channd 5 .  The esti- 
mated short-term relative accuracy of 
measurements is &lo watts/m* and *2 
watts/m2 respectively for channels 3 and 5. 
Because of the lack of a satisfactory explana- 
tion for the adjustment factor (of the order 
of 1.60) by which channel 3 and 5 measure- 
ments of all TIROS satellites have seemingly 
been too low, no estimates of absolute ac- 
curacy are given. 

6.4 Comments on Significant Engineering 

In the preceding paragraphs, the behavior 
of the radiometer has been described in de- 
tail. In  the following paragraphs a summary 
will be given of other types of behavior which 
affected the radiation data or their coverage. 

Tiros VI1 had been in orbit only 39 days 
(orbit 673) when a malfunction developed in 
the playback mode (described in Section 4.1), 
requiring two playbacks to recover the data. 
The nature of the two-playback operation 
resulted in the loss of some data a t  the begin- 
ning of each orbit. The amount of data lost 
was variable but generally quite small. 
As pointed out in Section 4.3, the sampling 

Aspwts of thc Experiment 
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rate used in digitizing the data at the Data 
Processing Center was doubled on TIROS 
VI1 day 73 (orbit 1080), providing twice as 
many measurements per unit time on the 
FMR tapes. 

The Fairbanks, Alaska, Command and 
Data Acquisition station started to operate 
on Day 83, acquiring data from orbit 1230 
as its first interrogation. The addition of 
the Fairbanks station did not, in general, 
provide for the acquisition of additional data 
than was previously provided by the Wallops 
and San Nicolas stations. However, on rare 
occasions the Fairbanks station acquired the 
fifth orbit of the nine orbit series which 
comprises an interrogation day. The fifth 
orbit could never be acquired by either Wal- 
lops or San Nicolas. 

Beginning with the interrogation day for 
Tiros VI1 Day 87, the channel 6 commutator 
(described in Section 4.1) failed to switch 
and remained set on the electron temperature 
probe sensor. Thus, the radiometer housing 
temperature, among other elements, was not 
received from the satellite. As a conse- 
quence the housing temperature was derived 
from the TV clock number 2 temperature 
(described in Section 3.4) . 

VII. CONCLUSIONS 
The major limitation of the TIROS VI1 

medium resolution radiometer experiment is 
the uncertainty in the absolute values of the 
measurements, resulting from the degrada- 
tion of the radiometer response and, also, 
from electronic degradation which, for the 
first time, was conclusively detected in TIROS 
VII. The degradation corrections given in 
Section VI can serve as a guide for interpret- 
ing the data in terms of absolute values. 
However, it must be emphasized that these 
corrections are only our best estimates, based 
upon certain simplifying assumptions, of the 
effects of a complicated degradation mecha- 
nism which we do not yet fully understand, 
and that the measurements thus corrected 
may still contain appreciable uncertainties. 

Because of the extended lifetime of the 
radiometer, which as of this writing exceeds 
fifteen months, the potential of the TIROS 
VI1 radiometric data for climatological stud- 
ies is significantly greater than it was for 
previous TIROS satellites. In utilizing the 
measurements over extended periods, how- 
ever, channel 2 and 6 data should be used in 
lieu of channel 4 and 3 data respectively 
wherever possible because of the superior 
stability characteristics of the former two 
channels. 

The data from all channels are of value 
throughout the period covered by this Vol- 
ume for studies involving relative measure- 
ments over a short period of time, for ex- 
ample the contrast mapping of cloud systems. 
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TABLE III-Filter and Lens Materials 

Chnnnel 8 Chnnnel 1 I Chnnnel 2 Channel 6 Channel 4 

Syn the t i c  Rnr ium 
Flouride ( B a F a )  
with no continua. 

- 
Lens 1 

- 
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- 
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- 
Filter 2 
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KRS-6 (Thnl l ium- Pure quarts ( S i o s )  
Bromo-iodide) with with no coatlnsa. 
no continpi. 

KKS 5 (Thni l ium- 
bromo-iodide) with 
no continua. 

Syn the t i c  s a p p h i r e  
(AlrOs) with no 
continpi. 

None _ _ _ _ _ _ _ _ _ _ _ _ _ _  Syn the t i c  S a p p h i r e  
(AlrO,) with no 
continga. 

Cermnnium with both 
nurfnces conted with 
pure ZnS of A/4 
opticnl thickness nt 
104. 

Germnnium with both 
surfaces coated with 
ZnS of X/4 onticnl 
thickneai a t  l o w .  

None _ _ _ _ _ _ _ _ _ _ _ _ _ _  I None _ _ _ _ _ _ _ _ _ _ _ _ _ _  I None _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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.0288 
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.OR22 

. I 162  
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. I R Z R  

.1HR3 

.1!)04 
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15.70 
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18.00 
16.10 
18.20 
16.80 

i m o  

None _ _ _ _ _ _ _ _ _ _ _ _ _ _  OCLI Band Pnsi Fii- 
ter centered nt 
1 5 . 2 ~  with hnif 
nmpiitude at 1 4 . 0 ~  
and 15.64. csl thicknem at 184 

nnd the other at 
20p. 

(As&%) ulnas. un- 

plnne piece. 

TABLE IV-Effective Spectral Response, Channel 1 TABLE VI-Effectiiie Spectral Response, Channel 9 
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TABLE V-Effective Spectral Response, C}iannel 2 TABLE VII-Effective Spectral Response, Channel 4 

x ( C )  $A 

. 2 m  
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.2426 
.2866 
.2286 
.2214 
.2118 
.2041 
.1914 
.17R8 
. le67  
.1667 

,1602 

. m 2  

,1628 

( C )  

26.0 
26.6 
27.0 
27.6 
P R . 0  
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TABLE VIII-Effective Spectral Reeponee, 
Channel 5 

T n s ( ' K )  
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220 
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260 
280 
800 
820 

.KO 
.62 
.64 
.66 
A8 
.80 
.62 
.ti4 
.68 
.68 
.70 
.72 
.74 
.I6 
.78 
.EO 
.82 
.84 
.86 
.88 

F(watts/m') 

4.916 

22.666 
82.901 
46.611 
60.911 
18.829 
99.868 

/ 

14.748 8.927 

/ 

.0041 

.0284 

.loll 

.2922 
3419 
.8496 
,8898 
3084 
.2692 
.2811 
2106 
.17K7 
.1488 
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.0161 
.OK41 
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.0266 . o m  

.om2 
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.004K 

.0092 
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TABLE IX-TDB v8. w, Channel 1 

Channel 

1 

2 

B 

4 

6 

.8628 

.9288 
1.888 

2.891 

TABLE X-TBD v8. %, Channel 2 

.0011 

.0126 
117.0 .0721 
181.0 2 7 6 2  
167.0 .7960 
171.0 1.884 
197.0 8.887 
211.0 6.966 
287.0 11.66 
267.0 17.88 
27'r.O 26.12 
297.0 88.42 
811.0 ""T 48.86 ~ 

TABLE XI-TBB ve. w, Channel 4 

TABLE XII-Changee in Blackbody Temperature (TnD) and Effective Radiant 
Emittance (w) Due to Difference8 of TO from Tm 

Side 

Floor 

Wall 

Floor 

Wall 

Floor 

Wall 

Floor 

Wall 

Floor 

Wall 

0 
7 
7 
0 
0 
7 
7 

I 
7 
0 
0 

-!- 

I 

7 
7 
0 
0 
I 
I 

-4- 
I 
I 
0 
0 
I 
7 
0 

7 
0.8 

0.8 

87.6 
87.0 

0.8202 

0.8416 
0.8468 0.0048 
0.8202 
0.81 68 0.0048 

0.8168 o.oo4a 
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TABLE XIII-Vertical Alignment Check of the Various Channels of TZROS VZZ Radiometer 

(Bottom) Fleld 

Left Edge Field of View 
Minus Base Angle 

PIu8 % Aeld of View 

spect to Base Plate 

mum 46' 

ODtlcal axis with re- 

Error Angle from Optl- 

Noise Voltage 1.86 VDC .40 VDC .41 VDC .70 VD 
-0 10 8.5 -1 46 26.6 +o 11 88.6 18 

L-41 O H A N N E L - - 6 1  

: n 313 VDC I 
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Figure 1-Block diagram of one channel of the medium resolution radiometer. 
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Figure 2-The e fk t ive  spectral response of channel 1 versus wavelength. 
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Figure 3-The effective spectral response of channel 2 versus anrvelen-. 
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Figure /-The effective spectral response of channel 3 versus wavelength. 
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Figure 5-The effective spectral response of channel 4 versus wavelength. 



Figure &-The effective spectral response of channel 5 versus wavelength. 
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Figure 7-The equivalent blackbody temperature versus effective radiant emittance for 
channel 1. 



Figure 8-The equivalent blackbody temperature versus effective radiant emittance for 
channel 2. 
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Figure 9-The equivalent blackbody temperature versus effective radiant emittance for 
channel 4. 
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Figure l@-(a) Schematic representation of t ransfer  functions associated with instru- 
mentation in  the satellite and at the  ground station. (b )  Three-dimensional repre- 
sentation 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, T#. (d)  Conversion from s u b c a m e r  frequency to digital number. 
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Figure II-The response of the voltage controlled oscillator for channel 1 shown as a 
parametric function of the electronics temperature, T.. 
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Figure 1 S T h e  response of the voltage controlled oscillator for channel 2 shown as a 
parametric function of the electronics temwrature, TE. 



Figure I$-The response of the voltage controlled oscillator for channel 3 shown as a 
parametric function of the electronics temperature. T.. 
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Figure 1;6--The response of the voltage controlled oscillator for channel 4 shown as a 
parametric function of the electronics temperature, TP. 
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Figure 15-The response of the voltage controlled oscillator for channel 5 shown as a 
-kit t-tiom of the ektronies tremperpture. TE. 
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Figure I6-(a) Percent of the orbital period which the satellite spends in sunlight 
versus orbit number. Also shown on the upper abscissa is A+# the right ascension of 
the sun minus the right ascension of the orbital ascending node. (b) Radiometer 
electronics temperature (T,), television clock number 2 temperature ( Tv)  , and 
measured and derived radiometer housing temperatures ( T c )  versus orbit number. 
Telemetry of the "housekeeping information" for the radiometer ceased at orbit 
1276, after which To was derived from Tv. 
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Figure 17-Selected TIROS VI1 orbits showing the variation of the satellite housing 
temperature, Tc, during an orbital period as a function of the time the satellite is 
in the earth’s shadow or in sunlight. 
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Figure 18-Portions of the 97.4-minute orbital period when the satellite is in sunlight 
and in the earth's shadow, expressed in minutes after the ascending node, versus 
orbit number. 
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Figure 194ubcamer frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides'of channel 1. (TO = 0°C) 
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Figure 20-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 1. (Tc = 7°C) 



Figure 21-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for ROOT and wail sides 0% channel 1. CTE = lz"C1 
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Figure %?-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 1. ( T c  = 18°C) 
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Figure %?-Subcarrier frequency and digital number versus equivalent blackbody 
tremperatare for fi.oor a d  wall sides of channel 1. (Tc - 25°C) 
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Figure Z/-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 1. (Tr = 35°C) 



Figure 25-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 1. ( TC = 40°C) 



Figure 26-subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 2. (TP = 0°C)  
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Figure 27-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for ffmr and wall sides of channel 2. (T, = 7°C) 
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Figure Zd-Subcarxier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 2. (T,, = 12°C) 



Figure 29-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 2. (Tc = 18°C) 
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Figure 30-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and waI1 sides of channel 2. (TC - 2 5 ° C )  
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Figure .%?--Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 2. (T, = 40'C) 



280 127.0 

270 101.6 

n 

Y 

6260 76.2 

Y 

tL 

t 
2 
3 

LL 
u- 

50.8 

240 25.4 

0 
100 2al 400 230 

0 

E F F E C T I M  RADIANT EMITTANCE,  w -2 Y) 
Figure 33-Subcarrier frequency and digital number versus effective radiant emittance 

for floor and wall sides of channel 3. (Tr = 0 ° C )  



EFFECTIVE RADIANT EM1 ITANCE, (-) 
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Figure 35-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 3. (Tc = 12°C) 
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Figure S-subcamer frequency and digital number versus effective radiant emittance 

for floor and wall sides of channel 3. ( T c  = 18°C) 
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Figure 39-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 3. (Tc = 40°C) 
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temperature for floor and wall sides of channel 4. (Tc = O T )  



Figxre 41-Subcarrier frequency and digital number versus equivalent blackbody 
temperature for floor and wall sides of channel 4. (Tc = 7°C) 
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Figure 46-Subcamer frequency and digital number versus equivalent blackWy 
temperature for floor and wall sides of channel 4. (To = 40°C) 
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Figure 47-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. (Tc  = O'C) 
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Figure 48-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. (Tc 7°C) 



Figure 49-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. ( T c  = 12°C) 



Figure 50-Subcamer frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. (Tc = 18°C) 



Figure 51-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. (Tc = 25°C) 



Figure 52-Subcarriers frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. (Tc = 35°C) 



Figure 53-Subcarrier frequency and digital number versus effective radiant emittance 
for floor and wall sides of channel 5. (Tc = 40°C) 
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Figure 54-(a) Calibration of the emitted thennal radiation channels 1,2, and 4. 
(b) Calibration of the reflected solar radiation channels 3 and 5. 
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Figure 55-Field of view measurements for channel 1. 
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Figure 56-Field of view measurements for channel 2. 

89 



12 

1 1  

10 

9 

8 

5 4 3 2 1 0 1 2 3 4 5  

LEFT & UP RIGHT 8, DOWN 

DEGREES OFF AXIS 

Figure .57--Field of view measurements for channel 3. 
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Figure .5&-Field of view measurements f o r  channel 4. 
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Figure 58-Field of view meaeuremente for channel 6. 
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Figure 60-Block diagram of the radiation experiment in the satellite. 
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Figure 65-Nominal world-wide radiatioa data The shaded area shows the 
geographical areas from which n& aIl radiation data are acquired. The data 
acquisition circles for a 10" antenma elevation angle at the CDA stations are also 
shown. 
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Figure 67-Solar illuminated latitudes for TIROS VII. 
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vs. orbit number for channels 1, 2, and 4. 
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vs. orbit number for channels 3 and 5. 



F 5  r 

4 Idealized linear 
transfer function from 
original calibration 

Result of compound 
degradation, includin~ 
electronic and possibly 
symmetrical optical 

degradations 

F 

F, - Spacc~-viewcd 
lcvrls 1, 

t - 
- t W  - 

p# -: Po' - F") W' W 
Degraded True 

measurement va 1 ue 
on FMR tape 

( a )  kW' (F - F,) 

(b) k'W = (F - F i )  = (F - F,) - (F; - F,) 

At orbit i 

Figure b'g-Schematic representation of the  compound degradation model, including 
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corded as a measurement, W'. Equation (d)  converts the degraded measurement to 
i t s  t rue  value at orbit i. 
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DAYS AFTER LAUNCH 

Figure 7@-The average quasi-global effective radiant emittance, pare, for channel 1 
vs. days after launch. 



Figure 71-The average quasi-global effective radiant emittance, w:re, for channel 2 
vs. days after launch. 



Figure 72-The average quasi-global effective radiant emittance, Fire, for channel 4 
vs. days after launch. A dashed line follows day 249 when an erratic “stepped” 
characteristic was first noticed in the spaceviewed portions of the analog presenta- 
tions of the data. 



Figure 73-The quasi-global albedo, A', for  channel 3 vs. days after launch. 



Figure 74-The quasi-global albedo, A', for channel 5 vs. days after launch. 
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instrumental response and a periodic variation n i th  the orbit-sun phase geometry. 
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Figure 76-Total radiant emittance, r, plotted as %function of effective radiant emit- 
tance to which an undegraded sensor responds,.W, for channel 2 (a)  and cha'nnel4 
(b) at zenith angles of 0", 30", and 5 2 2  The straight line approximations were 
adopted for further manipulation of the W values printed out by the computer. 
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Figure 77-Temperature corrections, STBs, vs. orbit number, channel 1, both sides. An 
equivalent blackbody temperature measurement, TRR', should be corrected by adding 
the STBB value corresponding to the appropriate orbit number. (There is some evi- 
dence that, in addition to the nomogram corrections, approximately 2 5 ° K  should be 
subtracted from measurements made through the &or and added to measurements 
made through the waU of channel 1 ) .  
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Figure 78-Temperature corrections, 8TRR, vs. orbit number channel 2, both sides. An 
equivalent blackbody temperature measurement, TnR', should be corrected by adding 
the 8TRR value corresponding to  the appropriate orbit number. 
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Figure 79-Temperature corrections, 6 TnR,  vs. orbit number, channel 4, both sides. An 
equivalent blackbody temperature measurement, T R n ' ,  should be corrected by adding 
algebraically the 6 T n n  value corresponding t o  the appropriate orbit number. 
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Figure 80-Normalizing parameters K~ and pi for channel 3- A measurement, w, 
should be corrected to yield W by means of the equation W = Ki [W' + p ' ] .  

3 

2 

.1 

0- 

11 
1 

2 %  

3 5  

4 z  

.n 

+ 
4 

5 

6 

7 

8 

9 

10 



ORBIT NUMBER 

Figure 81-Normalizing parameters IC' and p' for channel 5. A measurement, W', 
should be corrected to  yield W by means of the equation W = K' [m" + p ' ] .  



APPENDIX A 
INDEX OF FINAL METEOROLOGICAL 

RADIATION TAPES 
105 FMR tapes, containing data from 576 

individual orbits of TlROS VI1 from launch, 
June 19, 1963, to September 30, 1963, a re  
tabulated on the following pages. The FMR 
tapes for  this period a re  numbered from 333 
through 437. TlROS 11, TIROS 111, and 
TIROS IV radiation data are  contained on 
the first 332 numbered tapes. 

The lndex is designed to be used in coii- 
junction with the Mercator Projection World 
Maps in Appendix B and the master sub- 
point track overlay in the pocket at the rear 
of this volume. The subpoint track is divided 
into one minute intervals referred to ascend- 
ing node time, with thc “ininus” and “plus” 
indicators corresponding to “before” and 
“after” ascending node time, respectively. 

The Index is divided into two basic sec- 
tions. One section contains inform a t‘ ion con- 
cerning the attitude of the satellite and the 
location of the subpoint track as a function 
of time for  each orbit listed on the FMR 
tape. The second section of the Index con- 
tains information that  gives the time for  
which radiation data are  available on the 
FMR tape for  each orbit listed. The nomen- 
clature used in the Index is defined below. 

_ _  
_I_ -- 

INDEX NOMENCLATURE - _  __ - _ _ _  . __ 
Heading Explanation _ _  - - --- ---___ -- -.-__ 

Orbit No. Thc orbit number in- 
creases by one lit 
each ascending node, 
orbit wro being 
from launch to the 
first ascending node. 
The orbit number 
given in the Index 
is the “readout” or- 
bit number, Le., the 
number of the orbit 
at the time of “read- 
out“ over the acqui- 
sition station. The 
“ r e a d o u t ”  o r b i t  
number applies to 
all of the data  read 
out at  one time, 
although some were 
acquired on the pre- 
vious numbered or- 
bit. 

__ 

Heading Explanation 

CDA Station Command and Data  
Acquisition Station 
at  which the satel- 
lite was interro- 
gated. “1” is the 
Wallops Island, Vir- 
ginia station, “2” is 
the San Nicolas 
Island, California 
station, and “3” is 
t h e  F a i r b a n k s ,  
Alaska station. 

Satellite Equator  Crossing at  Orbital 
Ascending Node (ANO) 

E a r t h  longitude The longitude on the 
ear th  at which the 
sub-satellite track 
crossed the  equa- 
torial plane going 
from south to north, 
m e a s u r e d  i n  d e -  
grees from 0” to  
180” west (desig- 
nated by n “minus” 
sign) and from 180” 
to  0” east (desig- 
nated by no sign). 

Hours; Greenwich Mean Time 
minutes ; of the occurrence of 
seconds ; A N 0  in hours, min- 
(GMT) Utes, and seconds. 

Calendar date  Date on which the as- 
cending node of the 
g i v o n  o r b i t  o c -  
cu rred. 

TIIiOS Day TIIiOS I h y  refers to 
TIROS VI1 I)ay 
which advances one 
for  each succeeding 
calendar day  af ter  
June  I!), 19(iS, the 
d a y  o f  l a u n c h .  
L a u n c h  d a y  i s  
T I R O S  V I 1  D a y  
“0.” 

Spin Vector Attitude 

Declination Celestial coordinates 
of declination and 

Right Ascension right ascension of 
the satellite spin 
vector. The tabu- 
l a t e d  v a l u e s  f o r  
each orbit are f o r  
the time of ascend- 
ing node. As these 
change only slightly 
throughout one or- 

-- 

119 



Heading Explanation Heading Explanation 

bit, the value at the 
time of A N 0  is 
adequate, for most 
purposes, for the 
entire orbit. Posi- 
t i v e  o r  n e g a t i v e  
values of declina- 
tion refer to north 
or south, respec- 
tively. 

Minimum Nadir Satellite attitude in a 
(7.) system which has 

t h e  o r b i t a l  co-  
TOT ordinates chosen as 

a reference system. 
t]“ is the minimum 
satellite nadir angle 
during an  orbital 
period and TOT is 
the time of occur- 
rence of 7.. Positive 
or  negative values 
of 7. indicate that 
the spin axis (in 
the direction of the 
T V  c a m e r a s )  i s  
pointed north or 
south of the sub- 
point track, respec- 
tively, while TOT is 
given in minutes 
after A,NO. 

Spin Rate Rate of rotation of 
the satellite about 
its spin axis. 

Time Interval of File on FMR Tape 

Begin The beginning time of 
the radiation data 
a v a i l a b l e  on a n  
FMR tape in min- 
utes with respect to 
(W/R/T) the time 
of the occurrence of 
the ANO. Negative 
or  positive values 
indicate the begin- 
ning of the file was 
b e f o r e  o r  a f t e r  
ANO, respectively. 

End The ending time of 
the radiation data 
a v a i l a b l e  on t h e  
FMR tape. This 
value is given in 
a b s o l u t e  t i m e  
(GMT) and in min- 
utes with respect to 

( W / R / T )  A N O .  
The ending time, 
for  all orbits, occurs 
after the ANO. 

Dropouts The time of the drop- 
outs (where no ra- 
diation data a re  
available due to 
system noise, etc.) 
is listed in minutes 
w i t h  r e s p e c t  t o  
(W/R/T) the ANO, 
e i t h e r  m i n u s  o r  
plus. 

~ ~~ 

FMR Tape Number of the mag- 
Reel No. netic tape reel on 

which the radiation 
data for an  orbit 
a re  located. 

To illustrate the use of the tabulated ma- 
terial, the entries in the row for orbit No. 
277 indicate that when TIROS VI1 passed 
within range of the Wallops Island, Virginia, 
Command and Data Acquisition Station 
(indicated by a “1”) radiation data were 
telemetered from the satellite. The ascending 
node (ANO) of orbit 277 was earth longitude 
91.36OW (west indicated by the minus sign) 
when TIROS VI1 crossed the equatorial 
plane going from south to north at 03: 28 :26 
GMT on July 8, 1963 which being the 
nineteenth day after launch day, is “TIROS 
VI1 Day 19.” The declination and right 
ascension of the spin vector were 2 . 4 O  south 
of the celestial equator and 103.7O east of the 
Vernal Equinox. The minimum satellite 
nadir angle of the orbit was -29.8O and 
occurred 55.2 minutes after the AN0 (or 
04:23:38 GMT). The minus sign indicates 
that the intersection of the spin (camera) 
axis with the earth (the terrestrial scan-axis 
primary point) lay south of the subpoint 
track. The spin rate of the satellite was 
48.256 degrees per second. The Index also 
shows that the FMR tape data began 94.2 
minutes before the ascending node (01 :54: 14 
GMT) and ended 10.6 minutes after ascend- 
ing node, or 03:39:02 GMT. Further, i t  is 
seen that a dropout occurs on the tape be- 
tween -64.4 and -53.4 minutes before 
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ascending node; Le., between 02 :34: 02 and 
02 :35: 02 GMT. Finally, it is seen that these 
data are recorded on FMR Tape Reel No. 
352. 

The spin vector celestial coordinates and 
the satellite spin rate are  also presented in 
graphical form in Figures A1 and A2. ‘Both 
figures are based on the data presented in 
the Index. 
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RIGHT ASCENSION (Degrees) 

Figwre AI-Observed motion of the TIROS VI1 spin vector on the celestial sphere. Each 
subdivision represents one day. Positions at 12 GMT each day are indicated. 

122 



48 
'SPIN UP 

I I I I I I I 
0 200 400 600 800 lo00 1200 1400 1600 

ORBIT NUMBER 

Figure &Time history of the TIROS VI1 spin rate. 



S E A D O U T  ORBlT T I M E  I Y T E R V A L  OF FILE ON F M R  T A P E  

S A T t L L I T E  ECUATOR C K O S S I Y G  AT SPIN VECTOR 4TTITUDE BEGIV E N D  DROPOUTS, 
GRB I T A L  ASCENDING UODE ( AVO I M I N U T E S  

L C Y G I  PIhiUTES -NA ASCEN -MUM t n 1 u .  R A T E  -TES MINUTES -TES - TAPE 
NO. S T A  -TUDE SECCUDS D A T L  DAY - T I O Y  -SICIN N A D I R  AFTER (DEG W/R/T  SECONDS U / R / T  FROM- TO- R E E L  

( D F C )  I G V T )  (OEG) ( O E G )  ( D E G )  A V O )  I S E C )  AND ( G H T )  A N 0  NO. 

O R B I T  LDA E A 9 T H  HCLSS CALENDAR T I R O S  O E t L I  R I G H T  M I N I  TOT S P I N  H I N U  HOURS M I N U  W/R/T A N 0  F MR 
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173.41 
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21. 7+42 

3.29.35 

6.36.33 

9.14.1 2 

8.34.44 

-+2,q+ 9 

15+2L;+22 

I b* 5 1.4 7 

1B.35+12 

7 t 3 4 r 2 3  

lSr41.32 

17+ 1 3 ~ 5 b  

18.56.21 

2,.33.45 

7.55.35 

9.33. 2 

12.4 7.5: 

14.25. I6 

10. 2.41 

19 1 7. 3.' 

5*16*47 

6 / 1 9 / 6 3  

6 / 1 9 / 6 3  

6 / 1 3 / 6 3  

6 / 1 9 / 6 3  

6 / 1 9 / 6 3  

6 / 1 9 / 5 3  

6 / 2 ; / 5 3  

6 / 2 ? / 6 3  

6f  2 : / 6 3  

6 / 2 1 / 6 3  

6 1 2  1/33 

6 / 2 1 / 6 3  

6 / 2 1 / 6 3  

6 / 2 1 / 6 3  

' ~ 1 2 2 1 5 3  

6 / 2 2 / 5 3  

6 / 2 2 / t 1  3 

6 / 2 2 / 5 3  
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b f 2 3 / 0 3  
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6/23/63 
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0 1 2 3 / 6 3  
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2.0 
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-55.2 

-96.7 

-72.3 

-60.9 

-52.8 

-59.9 

-96.6 

-49.2 

-82.9 

-76.2 

-63.1 

-69.8 

-93.9 

11.32. 3 

13.11. 3 

16.45.33 

16.26+ 3 

20. 3. 3 

21.42.33 

8.38. 3 

17. 8. 3 

18.51. 3 

9. d.33 

10.43.33 

15-50.  3 
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19+11*53 

7*42+33 
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H E A C U U T  O R B 1  T 

S A T E L L I T E  EZUATCIR CRDSSIIS AT S P I V  VECTOQ A T T I T U D E  
.~K?IITAL A S C E U D  i t r G  UOOE ( A V O  1 

ORBIT C D A  E A ? T I i  H O U 9 5  CALEUDAR T I R O S  D E C L I  R I G H T  HIYI T O T  S P I N  
L C J G I  Y I U U T E ! ,  -(4A A S C E Y  - M U M  [MI\. R A T E  

NO. S T l i  - T U D E  SECCUDS DA T t  D A Y  - T I 0 4  - S I O N  Y A D I Y  A F T E R  ( O E G  
( D E S )  ( G P T I  I D E G )  ( O E G )  ( D E G I  ANO) / S E C l  

8 8  

89 

9 0  

9 2  

9 3  

3 4  

9 5  

1 3 2  

1 3 3 

1 0 4  

1 0 6  

1 5 ;  

1 0 8  

1 0 9  

1 1 7  

1 1 9  

1 2 1  

1 2 2  

1 2 3  

T I M E  I U T E R V A L  O F  F I L E  ON FMR T A P E  

B E G I V  E N D  DROPOUTS 
M I N U T E S  

M I ’ W  W/R/T  AVO F U R  
- T E S  M I N U T E S  - T t S  - TAPE 
W/R/T  SECONDS W/R/T  FROM- TO- R E E L  
A N 3  [ G M T )  A N 0  NO. 

1 3 1  

1 -1i8-09 d.37.50 6 / 2 5 / 6 3  6 8.4 111.8 -2.5 45.3 49 .341  -81.3 8.48, 3 1C.1 

2 -132 .77  12.15.21 6 / 2 5 / 6 3  6 9.3 111.7 -2.6 45 .4  4 9 . 3 3 3  -81.8 10+22+ 3 6.7 

2 -157 .64  11.52.45 0 / 2 5 / 6 3  6 R . l  111.7 -2.6 45.4 49 .326  -85.2 12. 3. 3 lG.3 

1 1 5 3 - i L  15. 7.34 6 / 2 5 / 5 3  6 7.9 111.5 -2.8 45.5 4 9 . 3 1 1  -74.3 15.38, 3 30.5 

1 i t a . 5 3  l t c 4 4 . 5 9  6 / 2 5 / 3 5  6 7 . 5  111 .5  -2.7 45.6 49 .334  -40.6 17+25+ 3 35.1 

2 1 * 3 . € b  1 3 . 2 2 ~ 2 4  6 / 2 5 / 6 3  6 1.4 111 .5  -3.3 45.6 49.237 -56.3 18.58. 3 35.7 

2 77.18 15.5S.48 b / 2 5 / 6 3  5 7.2 111.5 -3.1 45.7 49.23G -56.3 29.36. 3 36.3 

1 -73.52 1.21.4- 6 1 2 5 1 5 3  7 5.7 111 .5  -3.8 47.3 49.257 -95.8 7.31. 3 9.4 
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43.4 

49.5 

49.5 

49.6 

53.1 

53.3 

53.3 

53.3 

5J .4  

53.4 

55.9 

51.0 

51.1 

51.2 

51.3 

51'. 6 

51.8 

51.7 

51.1 

51.8 

52.1 

52.2 

52.1 

52.8 

52.8 

49.003 

49.010 

49.C65 

49.060 

49.030 

48.981 

40.977 

48.910 

48.965 

48.959 

48.912 

48.936 

48.880 

48.813 

48.869 

48 .021  

48.836 

48.801 

48.196 

48.791 

46.151 

40.740 

40.613 

40.663 

40.657 

-82.2 

-90.8 

-14.9 

22.3 

-69.0 

-93.6 

28.2 

-59.7 

-57.8 

-59.5 

-93.1 

-91.8 

-58.5 

-55.6 

-56.4 

-95.2 

-13.8 

25.3 

-59.0 

-59.2 

-93.2 

-94.1 

-92.1 

-91.2 

-8.2 

8.16.33 

11.32.33 

13.25.33 

15. b+24 

6.59. 3 

1J.13.33 

13.49.33 

15.29. 3 

17. 5. 3 

18-41. 3 

7.201 3 

10.36.33 

15.51133 

17.26-33 

19. 8.33 

6 .  2 1  3 

12.53. 3 

14.33. 3 

16*1C+ 3 

11.49.33 

6125. 3 

9.39.33 

6.48. 3 

10- 3.33 

11*57*33 

12.6 -29.0 -21.0 342 

13.8 3 42 

29.3 342 

32.0 342 

11.3 3 43  

11.0 343  

32.2 343  

34.3 343  

32.9 343  

31.5 343  

11.2 344  

12.9 344 

35.6 344  

33.2 344  

31.8 344 

9.4 345  

30.8 345 

33.4 345  

33.0 345  

35.1 345  

11.3 346 

11.0 346 

13 .1  3 4 1  

13.8 3 4 1  

30.4 3 4 1  



I 9EADOUT O R i 3 l T  TIME IVTERVAL OF F I L E  ON FMR TAPE i 

ORBIT 

NO. 

BEGIV 
C D A  OZDITAL SATFLLITE EA<TH ASCE.(DING HOUQS ECUATOR CALEYD4K C R f l S S I i G  qOCE (AVO1 TISOS A T  O E t L I  SPIN RIGHT VECTOR M I N I  ATTITUDE TOT S P I N  H - / e ]  MINUTES FWR 

LCVGI YIYUTES -XA ASCEN -MUM IMIN. RATE - T E S  MINUTES -TES TAPE 
S T A  -TULE S E C C \ O S  DATE DAY - T I O V  -510U NADIR AFTER IDEG W / R / T  SECONDS W / R / T  FROM- REEL 

(DEG) I S M T I  ( O E G I  (OEGI I D E G )  AN01 I S E C )  (GMTI AN0 NO. 

209 

2 1 1  

220 

223 

224 

225 

233 

234 

235 

2 36 

230 

23Y 

240 

2 4  1 

240 

249 

253 

254 

255 

263 

264 

265 

267 

260 

269 

1 

2 

2 

1 

1 

2 

1 

1 

2 

2 

1 

1 

2 

2 

1 

1 

1 

2 

2 

1 

2 

2 

1 

1 

2 

146.41 

97.C6 

-124.93 

169.98 

136.31 

111.64 

-95.74 

- 1 l V  .&I 

-135.L.8 

-159.76 

15b.ee 

126.21 

1 ~ 1 . 5 4  

76 .8?  

-35.54 

- 125.5 1 

1411.73 

16.11 

31.44 

L5.34 

3 : ~ . t l  

- 155.29 

155.36 

130.69 

1;b.cl 

13. 4.33 

16.19.22 

5.56. 4 

11.48, 1 9  

13,2942 

15. 3. 7 

4. 2.24 

5.39.48 

7.11.13 

8 * 5 4 * 3 7  

12. 7*26 

13-46.51 

15.24.16 

17. 1 ~ 4 )  

4.2 3. 32 

6. 0.57 

12+3c*35 

1 4 *  8. u 

15.45.25 

4 - 4 4 - 4 1  

6.22. 6 

7+5F*31 

l l c 1 4 . 2 J  

12.5 1.44 

14.2S- 7 

7/ 3 / 6 3  

7/ 3 / 6 3  

7/  4 / s 3  

?/ 4 / 6 3  

7/  4 / 6 3  

7/ 4 / 6 3  

?/  5 / 6 3  

7 1  5 / 0 3  

7/  5 / 6 3  

7/ 5 / 6 3  

7/  5 / 5 3  

?/ 5 / 6 3  

7/  5 / 6 3  

7/  5 / 6 3  

7/  6 / 5 3  

7/  6 / 6 3  

7/ 6 / 6 3  

7/ 6 / 6 3  

7/  6 / 6 3  

7 /  7 / 6 3  

7/  7 / 6 3  

7 /  7 / 6 3  

7/ 7 / 6 3  

7/  7 / 6 3  

7/  7 / 6 3  

14 

14 

15 

15 

15  

15 

l b  

16 

16 

16 

16 

16 

16 

16 

17 

17 

17 

17 

17 

18 

10 

18 

10 

18 

18 

-2.3 

-2.3 

-2 - 4  

-2.4 

-2.4 

-2.4 

-2.5 

-2.5 

-2.5 

-2.5 

-2.5 

-2.4 

-2.4 

-2.5 

-2.5 

-2.5 

-2.4 

-2.4 

-2 - 4  

-2.4 

-2 - 4  

-2.4 

-2.4 

-2.4 

-2.4 

1.17.9 

107.8 

l n l .  3 

157.1 

157.1 

107.3 

106.6 

196.5 

106 .,5 

106.4 

106.2 

106.2 

136.1 

106.1 

1C5.7 

105.6 

105.3 

105.2 

105.2 

134.7 

104.6 

104.6 

104.4 

134.3 

154.2 

-19.3 

-19.6 

-21.1 

-21.5 

-21.7 

-21.8 

-23.1 

-23.3 

-23.4 

-23.6 

-23.9 

-24.C. 

-24.2 

-24.3 

-25.4 

-25.6 

-26.2 

-26.3 

-26.5 

-27.7 

-27.9 

-28.3 

-20.3 

-28.5 

-28.6 

52.7 

52.8 

53.1 

53.3 

53.3 

53.3 

53.6 

53.7 

53.7 

53.8 

53.0 

53.0 

53.8 

53.9 

54.2 

54.1 

54.3 

54.3 

54.4 

54.6 

54.7 

54.7 

54.8 

54.9 

54.9 

40.652 

48.641 

48.5.33 

48.516 

48.570 

48.565 

48.519 

40.513 

40.507 

40.591 

48.409 

40.483 

40.477 

48.470 

40.427 

40.420 

48.394 

48.388 

40.381 

48.345 

40.339 

48.332 

40.325 

48.313 

40 - 357 

-61.5 

2.1 

-97.8 

-74.3 

-60.7 

-56.4 

-30.3 

-82.3 

-00.4 

-84.2 

-69.3 

-58.8 

-55.5 

-56.0 

-94.9 

-81.6 

14.7 

-58.1 

-58.8 

-93.1 

-03.2 

-04.5 

-72.3 

-58.5 

-56.4 

13.39.43 

lb.56. 3 

7.  3.33 

12.19.33 

14, 1.33 

15.36'33 

4.12. 3 

5-51. 3 

7.25. 3 

9. 6.33 

12.42.33 

14.2 3.33 

15.59. 3 

17+40* 3 

4.34. 3 

6.14.33 

13. 4.33 

14-40. 3 3 

16.21. 3 

4.56. 3 

6.29.33 

8.11.33 

11.47.33 

13-21. 3 

15. 4.24 

35.2 

36.7 

7.5 

31.3 

35.9 

33.4 

9 . 7  

11.3 

7.8 

11.9 

3 3 . 1  

36.7 

34.8 

30.4 

10.5 

13.6 

34.0 

32.6 

35.6 

11.4 

7.5 

12.0 

33.2 

35.3 

35.3 

3 4 7  

3 4 7  

348 

348 

3 4 8  

340 

3 4 9  

3 4 9  

3 4 9  

349 

349 

349 

349 

3 4 9  

3 5 0  

35G 

3 50 

3 5 0  

35G 

3 5 1  

351 

3 5 1  

3 5 1  

3 5 1  

3 5 1  



4 E A  nUUT O R B I T  T I M E  I N T E R V A L  OF F I L E  ON FMR TAPE 

I ORBIT/ LDA F FIR 
TAPE 
REEL 

NO. 

DROPOUTSI E N 0  S I T E C L l T E  EEUATUK C R O S S I A G  A T  S P I N  VECTOR A T T I T U D E  BEGIN 
URLZITAL ASCEUOIYC;  :4ODE ( A V O )  
EAZTt1 1 HOUYS 1 CALEVDaR 1 T IRCIS  D E L L 1  1 RIGHT I M I U I  1 T O T  S P l &  M I 8 U  I HOURS I MINU ~ W/R/T AND 

M I N U T E S  

210 2 81.34 16. 6 . 3 4  l /  1/63 18 -2.4 104.2 -28.8 54.8 40.331 -51.6 16.43.24 36.8 351 

277 1 -31.36 3.29.26 7/ R/53 13 -2.4 103.1 -29.6 55.2 48.256 -94.2 3.39. 3 10.6 -54.4 -53.4 352 

NO. 

278 1 

219 2 

281 1 

282 1 

284 2 

293 2 

294 Z 

296 1 

297 1 

298 2 

299 2 

336 1 

301 1 

L C V G I  M I Y L T E S  -NA ASCEN -HUM (Mid. RATE - T E S  M I N U T E S  - T E S  

(OCGI ( t i N T I  ( D E G I  ( O E t i l  ( O E G I  AN01  ISECI A N 0  (GMTI AN0 
S T A  -TCJOF SECCVOS OA TE DAY - T I O N  -SION Y A O I R  AFTER (DEG W/R/T SECO?JDS W/R/T FROM- TO- 

-116.;4 

-141.71 

169.93 

145.26 

75.Y1 

-126.15 

-153.P3 

159.P1 

135.14 

1 1 c' 47 

85.F3 

-?6.91 

-111.58 

5. 5*5" 

6.43 .  1 5  

9.58. 4 

11.35~27 

14 . 5 :: z A a 

5+26*57 

7. 4.24 

13*19* 1 3  

11056.38 

13.34s 2 

15.1 1.27 

.?*3?=1) 

4.li.44 

l /  8/63 

71 8163 

7/ 8/63 

71 ut53 

7/ 8 / 5 3  

7/ 9/63 

7 /  9/63 

l /  3/63 

l /  9163 

i r  9/63 

l /  9/63 

7/16/63 

71 10163 

19 -2.4 

19 -2.3 

19 -2.3 

19 -2.3 

19 -2.3 

20 -2.2 

20 -2.1 

20 -2.1 

20 -2.1 

25 -2 .c) 

20 -2 .o 

21 -1.1 

2 1  -1.7 

103.1 

103.6 

103.4 

103.3 

103.2 

102.7 

102.1 

102.1 

102.6 

102.6 

102.6 

102.5 

102.1 

-29.9 

-30.1 

-33.4 

-30.5 

-311.8 

-32.2 

-32.4 

-32.8 

-33.0 

-33.2 

-33.4 

-35.2 

-35.4 

55.2 

55.3 

55.2 

55.3 

55.4 

55.1 

55.8 

55.8 

55.9 

56.0 

56.0 

56.1 

56.2 

40.249 

48.243 

48.229 

48.223 

40.210 

48.151 

40.145 

48.132 

48.125 

48.119 

48.112 

40.067 

40.C61 

-81.5 

-71.2 

13.0 

-11.4 

-40.5 

-89.5 

-16.8 

-13.1 

-59.6 

-55.8 

-58.5 

-91.7 

-04.6 

5.20933 

6~53.33 

10129.33 

12. 9. 3 

15.25. 3 

5.42.33 

1. 15.33 

10.51.33 

12.33. 3 

14+ 1.33 

15.48. 3 

2.41. 3 

4.23.33 

14.7 

10.3 

31.5 

33.6 

34.8 

15.6 

11.2 

32.3 

36.4 

33.5 

36.6 

7.1 

12.8 

352 

352 

352 

352 

352 

353 

353 

-26.2 -25.2 353 

-23.6 -21.6 353 

353 

353 

354 

354 

339 2 -1bc.93 7*.25+33 7/1Cf63 2 1  -3 .9  101.3 -34.4 56.5 40.048 -92.1 7.38.33 13.0 354 

311 1 

312 1 

313 2 

314 2 

321 1 

322 1 

323 2 

325 1 

326 1 

147.72 

123.: 4 

133.37 

75.b9 

-97.:'1 

-121.L3 

-146.36 

164.29 

139.62 

1u 4c. 2 2 

12. 17.47 

1?*5C*ll 

15+?2*36 

2.54.28 

4.31.53 

6. 9.11 

9 ~ 2 4 .  I 

11. 1.31 

11 1O/63 

1/11/63 

7/15/63 

7/ 15 f 6 3 

7/11/63 

l /  11/63 

7 /  11/63 

111 1/63 

71 11/63 

2 1  

21 

2 1  

21 

22 

22 

22 

22 

22 

-4.2 

-5 .o 

-5.9 

-6.8 

-12.1 

-12.7 

-13.2 

-14.3 

-15.@ 

100.6 

150.4 

100.4 

100.5 

1J1.1 

100.9 

103.1 

100.1 

99.9 

-33.4 

-32.9 

-32.4 

-32.0 

-29.8 

-29.4 

-29.0 

-28.2 

-21.8 

56.6 

56.1 

56.9 

51.2 

59.G 

59.2 

59.3 

59.6 

59.1 

48.036 

48.029 

40.023 

48.017 

41.914 

47.960 

47.962 

47.950 

47.944 

-71.9 

-59.6 

-55.7 

-51.4 

-95.0 

-36.8 

-71.8 

-12.9 

-59.6 

11.13.33 

12.54.33 

14.30. 3 

16.11. 3 

3. 5. 3 

4.46~33 

6*25*33 

9.56.33 

11.37.33 

33.2 

36.8 

34.9 

38.5 

1G.6 

14.1 

11.3 

32.5 

36.0 

-22.4 -21.4 354 

354 

354 

354 

355 

355 

355 

355 

355 



I READOUT ORB1 1 

I I 1 S A T E L L I T E  ECUATOR C R O S S I Y G  A 1  

328 

337 

338 

340 

341 

342 

343  

355 

351 

354 

356 

357 

365 

366 

367 

369 

370 

31 1 

372 

379 

380 

382 

383 

384 

385 

2 90.27 

2 -131.73 

2 -1>6.45 

1 154.17 

1 129.52 

z i i 4 . e 4  

2 8L1.17 

1 -72.53 

1 -117.21 

1 168.76 

1 

2 

1 

7 - 
2 

1 

1 

2 

2 

1 

1 

2 

1 

1 

1 

119.42 

94.74 

-1fi2.63 

-127.31 

-151.98 

158.66 

133.99 

11.19. 32 

84.64 

-98.C6 

-112.73 

- 16 2. i A 

173.24 

149.56 

SECCYDS I DATE I DAY 
(GPT 1 

14. 16. 29 

4.53. 2 

6+30*26 

5+45+15 

11+22*4D 

13. i* 5 

14.37.29 

1.59.22 

3.36.46 

.8.2S. L* 

11.43.49 

13.21.14 

2*2C+ 3 1 

3. 57.5 5 

5.35.2; 

e .5~ .  9 

1i.27.34 

12 ,  4.58 

13.42.23 

7/11 /63  

7 /12 /63  

1 / 1 2 / 6 3  

7 / 1 2 / 6 3  

7 /12 /53  

7 /12 /63  

7 /12 /63  

7 /13 /63  

7 /  13 /63  

7 /13 /63  

7 /13 /63  

1 / 1 3 / 6 3  

7 /14/63  

7 / 1 4 / 6 3  

71 14 /63  

7 / 1 4 / 6 3  

7 /14 /63  

7 /14 /63  

7 /14 /63  

22 

23 

23 

23 

23 

23 

23 

24 

24 

24 

24 

24 

25 

25 

25 

25 

25 

25 

25 

1. 4.15 7 /15 /63  26 

2141.4e 7 / 1 5 / 6 3  26 

5.56.29 7 /15 /63  26 

7.33.54 7 /15 /63  26 

3.11.18 7 /15 /63  26 

123.69 1C.48.43 7 /15 /63  26 

S P I N  

U E C L I  
-N4 
- T I  0.4 
( D E G )  

-16.6 

-22.8 

-23.2 

-24.3 

-24.7 

-25.7 

-26.5 

-33.7 

-31.1 

-32.4 

-33.4 

-34.3 

-37.1 

-37.3 

-37.5 

-38.0 

-38.4 

-38.C 

-39.3 

-40.8 

-4s .  7 

-41 .J 

-41.1 

-41.3 

-41 - 6  

R I G H T  
ASCEN 
-SION 
[DEG)  

MIYI 
-HUM 
NAD1 3 
I DEG 1 

VECTOR A T T I T U D E  

TOT 
I M I i t .  
AFTER 
A N 0  1 

I I I T I M E  I N T E R V A L  OF F I L E  ON FMR TAPE 
I 

I B E G I N  

RATE 

/ S E C )  

DROPOUTS, 
M I N U T E S  

( C M T )  

FMR 
TAPE 
REEL 

NO. 

100.1 

192.2 

102.1 

151.8 

101.8 

102 .o 

102.5 

105.9 

136.J 

136.2 

106.4 

106.8 

111.4 

111.7 

111.8 

1 1 2 . 1  

112.3 

112.7 

113.4 

118.8 

119.2 

119.8 

120.1 

123.3 

120.8 

-26.9 

-24.5 

-24.2 

-23.6 

-23.2 

-22.8 

-22.4 

-20.9 

-23.9 

-25.1 

-19.5 

-19.2 

-18.2 

-18.1 

-18.1 

-17.8 

-17.7 

-17.4 

-17.1 

-16.6 

-16.7 

-16.7 

-16.7 

-16.6 

-16.5 

65.1 

62.3 

62.5 

62.6 

62.7 

62.9 

63.2 

65.G 

65.2 

65.6 

65.9 

66.1 

67.9 

68.G 

68.2 

68.3 

68.4 

69.6 

68.8 

70.4 

73.6 

76.9 

71.0 

71.1 

71.3 

47 932 -69 8 

47.882 -96.0 

47.876 -84.5 

47.866 -14.8 

47.860 -60.1 

47.855 -56.4 

47.850 -58.5 

41.815 -95.8 

47.810 -82.9 

47.795 -74.7 

58.230 -60.7 

58.195 -55.7 

58.150 -92.3 

>8.145 -78.2 

58.138 -84.5 

58.129 -72.7 

58.126 -57.8 

58.119 -55.1 

58.112 -58.1 

58.065 -93.9 

58.059 -85.8 

58.045 -82.0 

58.039 -75.6 

58.032 -62.7 

58.G25 -60.2 

1 4 ~ 5 1 .  3 

5. 1. 3 

6.42.33 

10.17.33 

11.58.33 

13+34+ 3 

15.15. 3 

2. 9. 3 

3.50.33 

8.59.33 

12.20. 3 

14+ 0. 3 

2+34* 3 

4. 5.33 

5.47.33 

9.23, 3 

11. 4.33 

12.33. 3 

14.20. 3 

1,15033 

2-54.33 

6. 9.33 

8. 3.33 

9.43.33 

1 1 ~ 2 5 . 3 3  

34.7 

8.0 

12.1 

32.3 

35.9 

34.0 

37.6 

9.7 

13.8 

3L.6 

36.2 

38.8 

13.5 

7.6 

12.2 

32.9 

37.0 

34.1 

37.7 

11.3 

12.9 

i3.1 

29.7 

32.3 

36.8 

355  

356  

356 

356 

356 

356 

356  

357 

357 

351  

357 

357 

358 

358 

358 

358 

358 

358 

358 

359 

359 

359 

359 

359 

359 



R E  A nuul O R B I T  

S A T E L L I T E  ECUATOR C R O S S I ' + b  AT S P I N  VECTOR ATTITUDE 
W O E  ( A ' J U I  M INUTES 

CALEVUAH T I R O S  D E C L I  RIGHT M I N I  TOT SPIM MINU 
L C U G I  YINLTCS -NA ASCEN -MUM (Hl ld .  RATE -TES 

(DEGI 
O A T t  DAY - T I O Y  - S I O N  N A D I R  AFTER ( D E G  W/R/T 

I TIME I N T E R V A L  O F  F I L E  ON FHR TAPE 

BEGIN DROPOUTSI E N D  

I I I 

386 

387 

394 

3 95 

396 

398 

399 

40u 

40 1 

410 

41 1 

41 3 

414 

415 

416 

423 

424 

42 7 

42 8 

429 

433 

437 

438 

439 

440 

2 

2 

1 

1 

2 

1 

1 

2 

2 

2 

2 

1 

1 

2 

2 

1 

1 

1 

1 

2 

2 

1 

1 

2 

? 

9 9 - 2 2  

74.54 

-98.17 

-122.F5 

-147.57 

163.12 

133.45 

113.78 

89.1.1 

-132.95 

-157.62 

153.02 
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142.93 
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12.26. 8 
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I:* 3 3. 19 

2, 7.43 
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11. 521 11 
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7/16/63 

7/16/63 
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7/19/63 

7/18/63 
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7/17/63 

7/ 19/63 
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26 

26 

27 

27 

27 

27 

27 

27 

27 

28 

29 

28 

28 

23 

28 

29 

29 

29 

29 

29 

29 
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-42.1 
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-41.9 

-41 - 7  

-41.3 

-41 -9 

-41.9 

-39.8 

-39.5 

-39.2 

-39.1 

-39.1 

-38.3 

-35.9 

-35.4 

-34.3 

-34.1 

-33.9 

-33 -6 

-2q. a 

-29.1 

-29.6 

-28 I 1  

121.5 

122.4 

128.2 

128.7 

129.3 

129.5 

129.9 

130.5 

131.3 

137.8 

138.0 

138.4 

138.3 

139.4 

143.2 

144.1 

144.9 

145.1 

145.3 

145.6 

146.2 

149.6 

149.7 

149.7 

149.6 

-16.3 

-16.1 

-16.3 

-16.2 

-16.3 

-16.4 

-16.4 

-16.3 

-16.1 

-16.8 

-17.f: 

-17.2 

-17.2 

-17.2 

-17.1 

-17.8 

-18.1 

-18.9 

-19.2 

-19.1 

-19.1 

-20. 'J 

-20.3 

-20.7 

-21.3 

71.4 

71.6 

73.3 

73.5 

73.6 

73.8 

73.9 

74.0 

74.2 

76.3 

76.4 

76.7 

75.8 

76.9 

77.1 

78.8 

79.0 

79.3 

73.4 

79.5 

73.7 

81.3 

81.6 

81.7 

01.9 

58.010 

58.012 

57.964 

57.958 

57.951 

57.937 

i1.930 

57.924 

57.917 

57.856 

57.849 

57.835 

51.828 

57.821 

57.815 

57.167 

51.760 

51.139 

57.732 

57.725 

57.718 

57.670 

51.663 

57.656 

57.650 

-55.1 

-51.8 

-95.0 

-82.5 

-77.7 

-74.0 

-57.5 

-57.3 

-59.8 

-80.6 

-85.6 

-73.1 

-60 1 

-56.7 

-58.2 

-96.1 

-81.0 

-74.9 

-18.1 

-58.1 

30.9 

-95.6 

-37 -9 

-82.1 

-04.7 

13. u.33 

14.41.33 

1.35.33 

3.17.33 

4.5J.33 

8.26.33 

10. 7.33 

11.42.33 

13.24.33 

3.33.33 

5.13.33 

0.48.33 

10-29-33 

12f 5.33 

13.46.33 

0-39~33 

2.22143 

7.30.33 

9.11.54 

10'46.33 

12-26. 3 

23.23146 

1. 1.19 

2.36.33 

4.17.33 

34.4 

38.0 

10.1 

14.7 

10.3 

31.5 

35.1 

32.7 

31.3 

6.6 

12.2 

32.4 

35.9 

34.5 

38.1 

9.2 

15.0 

3G.6 

34.5 

31.8 

33.9 

9.1 

9.9 

1.7 

11.3 
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360 
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361 
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362 
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-138.57 

-163.24 
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22.35.13 

1*12-38 
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7/20/63 
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7/20/63 
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1/20/63 
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7/21/63 
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1/21/63 
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7/22/63 
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3b -21.1 149.6 
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30 -25.3 150.3 

30 -21.7 152.3 

31 -21.0 152.2 
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31 -19.7 151.8 
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32 

32 

32 

32 

33 

33 

33 

33 

33 

33 

33 

34 
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-9.6 

-9.1 

-3.7 

-4.0 

-4.1 

-4.2 

-4.4 

-4.4 

-4.5 

-4.6 

-5.5 
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151.6 

151.6 
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151.5 
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151.4 

151.4 

151.3 

151.0 

-21.8 

-21.9 

-21.9 

-23.3 

-23.1 

-24.2 

-24. 6 

-24.9 

-25.2 

-25.5 

-25.6 

-28.0 

-28.4 

-29.8 
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-31.9 

-32.4 

-32.2 

-31.9 

-31.4 

-31.2 

-31.3 

-30.8 

-28.8 

82.2 

82.4 

82.5 

84.2 

84.4 

84.5 

84.1 
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84.9 

85.0 

81.0  

87.2 

81.6 

87.7  
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89.6 

89.6 

89.5 
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89 .7  

87.1 

8 9 . 7  
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51.629 

51.622 

51.615 

51.567 

57.560 

51.553 

51.546 

51.539 

51.532 

57.525 

51.518 

57.456 

51.449 

51.421 

51.414 

51.365 

51.358 

57.351 

51.344 

51.331 

51.324 

51.311 

57.310 

51.241 

-60.0 

-56.3 

-58.6 

-95.5 

-81.6 

-19.4 

-15.9 

-75.8 

-61.7 

-57.9 

-54.9 

-98 .l 

-85.6 

-56.5 

-59.4 

-39.5 

-32.1 

-8b.5 

-83.7 

-12.1 

-59.0 

-56.5 

-51.7 
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9.34.33 

11. 9.33 
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23.44.33 

1 + 25- 33 

2.58.33 

4.40.33 

6.34.33 

8r16.33 

9.56.33 

11.32.33 

1.43.33 
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10.13.33 

11-55.33 

22.47. 3 
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2. 3.33 

3.44.33 

7.20.33 
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10136.33 

12.16.33 

2.24.33 

36.0 

33.6 

31.2 
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12.9 

8.5 
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29.1 

34.3 
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35.5 
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8.4 

FMR 
TAPE 
REEL 

NO. 

363 

363 

363 

363 

364 

364 

364 

364 

364 

364 

364 

364 

365 

365 

365 

365 

366 

366 

366 

366 

366 

366 

366 

366 

367 



w '?E A CO U T  ORB1 T T I N E  I N T E R V A L  OF F I L E  ON F M R  TAPE 

500 

501 

532 
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526 
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544 
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546 

541 

ij 

U R I I T  

NO. 

1 

1 

L 

2 

1 

1 

1 

2 

1 

1 

2 

1 

2 

1 

1 

1 

2 
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111 .La4 6.45.45 
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-aci.34 21.45. 2 

-195.1 1 23-22.27 
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162.75 4.57. ; 
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7/23/63 
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7/23/63 
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7/23/63 
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7/24/63 

7/24/63 

7/24/63 

7/24/63 

7/24/63 

7/25/63 
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7/25/63 
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7 /25/63  

7/26/63 
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34 

34 

34 

34 

34 

34 

35 

35 

35 

35 

35 

35 

36 

36 

36 

36 

36 

36 

36 

37 

37 

37 

37 

31 

31 

-5.6 

-5.1 

-5.8 

-5.9 

-6.5 

-6.6 

-6.1 

-6.8 

-6.9 

-1 .@ 

-1.1 

-1.9 

-8.1 

-8.1 

-8.2 

-8.3 

-8.3 

-8.4 

-9.1 

-9.2 

-9.2 

-9.4 

-9.4 

-9.4 

-9.4 

151.0 

150.9 

150.9 

150.8 

150.5 

150.5 

150.5 

150.4 

150.4 

150.3 

150.3 

149.9 

149.8 

149.8 

149.8 

149.8 

149.7 

149.1 

149.4 

149.3 

149.3 

14Y. 3 

149.3 

149.2 

149.2 

-23.3 

-23.1 

-27.9 

-27.7 

-26.1 

-25.9 

-25.7 

-25.5 

-25.0 

-24.8 

-24.6 

-22.6 

-22.2 

-22.3 

-21.7 

-21.5 

-21.3 

-21.1 

-19.6 

-19.3 

-19.1 

-18.6 

-18.4 

-18.2 

-18.1 

93.0 

9J.O 

93.0 

93.0 

93.2 

90.2 

93.2 

90.2 

93.3 

93.3 

93.4 

90.5 

93.6 

93.6 

93.6 

90.'6 

93.6 

90.7 

93.7 

93.8 

93.8 

93.9 

93.9 

90.9 

91.0 

51.233 

57.226 

57.219 

57.212 

57.164 

57.157 

57.150 

51.143 

51.129 

51.122 

51.115 

57.053 

51.039 

57.033 

51.026 

51.019 

57.012 

51.055 

56.957 

56.950 

56.943 

56.929 

56.923 

56.916 

56.939 

-74.7 

-57.5 

-53.3 

-63.4 

-48.6 

-83.8 

-81.3 

-16.1 

-72.9 

-59.7 

-56.0 

-92.2 

-85.6 

-75.6 

-62.1 

-57.5 

-55.0 

-56.8 

-40.1 

-81.4 

-53.5 
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-61.4 

-57.4 

-58.6 
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9.17.33 
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23.33.33 
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6.24.33 
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9.40.33 

23.56.33 

3.11.33 
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6.47.33 

8-27.33 

10; 3.33 
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0.13.26 

1.52. 3 

5.28. 3 

1. 9.33 

8.45.33 

10.26.33 

30.6 

32.2 

31.8 

33.9 

8.5 

11.1 

15.7 

11.3 

32.5 

36.1 

33.6 

13.0 

13.1 -86.4 -85.4 

29.7 -21.8 -25.8 

34.3 -23.2 -22.2 

36.9 

35.5 

39.1 

10.7 

8.7 

9.9 

31.1 

35.2 

33.7 

37.3 
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368 
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555 

556 

557 

559 

560 
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588 
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59 1 
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1 -85.97 

1 -1 l J .65  

2 -135.32 

2 -1b i r .C~L 

1 15J.65 

1 125.YE 
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6+55+34 
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21-32+15 

23+ 9.43 

C+41+ 5 

4 +  1.54 

5+39+19 

7-16.43 

8+54+ e 
21+53+25 

i+ e + i 4  

4-23. 3 

t* d*28 

9.15.17 

2 2 + 1 4 +  34 

4+44*13 

7*59+ 2 

2G*5E+19 

2+13+ 8 

7/  2 6/63 

7 / 2 6 / 5 3  

7 / 2 7 / 6 3  

1 / 2 1 / 6 3  

7 / 2 7 / 6 3  

7 / 2 1 / 6 3  

7 / 2 1 / 6 3  

1 / 2 1 / 6 3  

7 /27 /63  

7 /27 /63  

7 /28 /63  

1 / 2 8 / 6 3  

7 /28 /63  

7 / 2 8 / 5 3  

1 / 2 8 / 6 3  

1 / 2 8 / 6 3  

7/  29/ 63 

1 / 2 9 / 6 3  

7 / 2 9 / 6 3  

7 /23 /53  

7 /29 /63  

7/32/63 

7 / 3 5 / 6 3  

7 / 3 0 / 6 3  

7 /31 /63  
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37 

38 

38 

38 

38 

38 

38 

35 

38 

39 

39 

39 

39 

39 

39 
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4u 

4, 

41 

41  

41  

42 

-9.3 

-9.3 

-9.2 

-9.2 

-9.2 

-9.2 

-9.2 

-9.2 

-9.3 

-9.0 

-9.9 

-9.9 

-8.1 

-8.9 

-8.1 

-8.7 

-e .l 
-0.6 

-8.6 

-e .6 

- 8 . 3  

-8.2 

-8.2 

-7.9 

- 7 . 8  

148.Y 

148.9 

148.8 

148.8 

148 .1  

148.6 

148.6 

148.6 

148.4 

148.3 

148.3 

148.2 

148.1 

148.1 

148.1 

141.8 

141.8 

147.7 

141.6 

141.6 

147.4 

141.2 

141.2 

141.0 

146.9 

-16.9 

-16.8 

-16.6 

-16.5 

-16.2 

-16.3 

-15.R 

-15.7 

-14.5 

-14.4 

-14.2 

-13.9 

-13.7 

-13.6 

-13.4 

-12.1 

-11.1 

-11.4 

-11.3 

-10.9 

-9.5 

-8 .9  

-8.5 

-1.2 

-6.9 

91.3 

91.3 

91.4 

91.4 

91.4 

91.4 

91.5 

91.5 

91.8 

91.9 

91.9 

92.0 

92.1 

92.1 

92.2 

92.5 

92.6 

92.6 

92.6 

92.1 

13.c 

93.2 

93.3 

93.6 

93.8 

56.861 

56.854 

56.041 

56.841 

56.821 

56.820 

56.813 

56.807 

56.159 

56.152 

56.745 

56.132 

56.125 

56.118 

56.112 

56.658 

56.645 

56.631 

56.624 

56.611 

56.558 

56.531 

56.518 

56.466 

56.453 

-95.4 

-82.2 

-80.2 

-82.0 

-72.0 

-58.7 

-54.9 

-58.3 

-94.6 

-80.8 

-78.3 

-63.9 

-54.1 

-51.5 

-51.6 

-74.1 

-80.8 

-59.2 

-52.7 

-40.3 

-19.3 

-56.9 

-53.5 

-74.0 

-75.1 

21+21+ 3 

23, G + 3 3  

0+36+  3 

2+16+21  

5+51+33 

7+32*33 

9. 7. 3 

10 +48*33 

21+43+ 3 

23.23.33 

0.59. 3 

4+32+33  

6+13+33  

7.50. 3 

9 +30 + 33  

22. 6+ 3 

1*21+ 3 

4+55+33 

6.36-33 

9 + 5 2 + 3 3  

22.27.33 

5r18.33 

8.34. 3 

21+ 9.33 

0.24. 3 

10.0 

12.0 

10.1 

13.1 

33.4 

37.0 

34.1 

38.2 

10.8 

13.9 

12.0 

30.7 

34.2 

33.3 

36.4 

12.6 

12.8 

32.5 

36.1 

31.3 

13.0 

34.3 

35.0 

11.2 

10.9 

371  

371 

371 

371 

371 

371 

371 

371  

372 

372 

-26.1 -25.1 372  

372 

372 

372 

372 

3 7 3  

373 

313 

-25.5 -24.5 373 

313 

374 

-24.2 -23.7 374 

374 

375 

375 



9 EA UUUT O R B I T  T I M E  I N T E R V A L  O F  F I L E  ON FHR TAPE 

617 

619 

620 

627 

628 

630 

632 

634 

642 

644 

647 

649 

658 

659 

661  

662 

672 

673 

678 

686 

687 

688 

690 

691  

692 

S A T E L L I T E  EQUATOR C R G S S I V G  AT S P I N  VECTOR A T T I T U D E  B E G I N  E N D  OROPOUTS. 
M I N U T E S  O R R l i A L  ASCE”JII:.IG NODE ( AVO ) 

ORBIT CDA EARTH HOURS CALEh(O411 T I R O S  U E t L I  RIGHT H I Y I  TOT S P I N  M I N U  HOURS M I N U  W/K/T  AN0 F HR 
LONG1 E I Y L T E S  -NA ASCEN -MUM ( H I N .  # A T E  -TES M I N U T E S  - T E S  TAPE 

I D E G )  I G P T )  I D E G )  I O E G )  ( D E G )  AUO) / S E C l  A N 0  ( G M T )  A N 0  
NO. S T 4  - T U D F  SECCVOS DATE D A Y  -TION -SION NADIR AFTER ( D E G  W / R / T  SECONDS w / w T  FROM- in -  REEL 

1 NO. 

1 

_I 

L 

2 

1 

1 

2 

1 

2 

1 

2 

1 

2 

2 

2 

1 

1 

1 

2 

2 

1 

2 

2 

1 

1 

2 

159.58 3.27.57 

110.23 6.42.46 

85.56 8.20.11 

-87.15 19-42. 3 

-111.82 21*19*28 

-161.17 0.34.17 

149.48 3.49. 7 

lu0.13 7. 3.56 

-97.25 2.5. 3.13 

-146.59 23.18. 2 

139.38 4+10+16 

70.L.3 7.25. 5 

-132.52 22. 1.47 

-156.69 23*39-11 

153.95 2.54. 1 

113.27 4.31.25 

-117.45 2C145.31 

-142.12 22.22.56 

94 -50  6.29.59 

-1ii2.ee 17.29.16 

-127.55 21. 6.41 

-152.22 2 2 ~ 4 4 .  5 

158.42 1 .58~55  

133.75 3.36.19 

10J.C7 5~13 .44  

7 /31 /63  

7 /3  1/ 63 

7 /31 /63  

7 /31 /63  

7 /31 /63  

8/ 1 /63  

8/ 1 / 6 3  

Y/ 1 / 6 3  

8 /  1 / 6 3  

8/ 1 /63  

81 2 /63  

a/ 2 /63  

a /  2 /63  

Y/ 2 /63  

a /  3 /63  

0 /  3/63  

0 /  3/63  

e /  3 /53  

a /  4 / 6 3  

S/ 4 /63  

a /  4 / 5 3  

6 /  4 / 6 3  

8/ 5 /63  

a/ 5 /53  

a /  5 /63  

42 

42 

42 

42 

42 

43 

43 

43 

43  

43 

44 

44 

44 

44 

45 

45 

45 

45 

46 

46 

46 

46 

47 

47 

47 

-7.7 

-6.5 

-5.5 

2.4 

3.4 

5.1  

6.6 

a .3  

17.1 

15.9 

21.2 

23 .i) 

32.6 

33.4 

34.3 

35.6 

45.3 

45.2 

44.7 

43.7 

43.6 

43.5 

43.3 

43.2 

43.1 

146.9 

146.8 

146.9 

146.8 

146.5 

145.8 

145.0 

144.6 

144.1 

143.4 

142.1 

141.7 

140.4 

137.9 

139.C 

138.5 

137.2 

137.3 

137.3 

137.1 

137.1 

137.1 

137.1 

137.1 

137.1 

-6.5 

-6.4 

-6.7 

-9.2 

-9.7 

-10.9 

-11.9 

-13.0 

-15.9 

-17.0 

-18.5 

-19.4 

-22.7 

-23.1 

-24.1 

-24.5 

-27.8 

-27.4 

-26.4 

-24.8 

-24.6 

-24.4 

-24.3 

-23.8 

-23.5 

93.8 

93.9 

94.2 

96.2 

96.5 

95.9 

97.3 

3.2 

2.5 

3.0 

3.5 

3.9 

5.5 

5.8 

7.2 

7.4 

13.3 

13.4 

13 .3  

13.1 

13.1 

13.1 

10.1 

13.1 

13.2 

56.440 

56.426 

56.420 

56.375 

56.368 

56.355 

56.342 

56.330 

56.279 

56.266 

56.247 

56.234 

56.178 

56.172 

56.159 

56.153 

36.292 

56.035 

56.055 

56. C37 

>6.CtJ1 

55.995 

55.983 

55.977 

55.971 

-58.3 

-46.1 

-51.8 

-83.8 

-75.0 

-81.8 

-59.8 

-53.4 

-86.9 

-62.2 

-51.3 

-37.3 

-68.5 

-76.6 

-60.2 

-51.7 

-78.9 

-70.4 

-37.7 

-77.6 

-72.4 

-75.7 

-65.6 

-53.5 

-47.4 

3.58.33 

7.15.33 

8.57.33 

19.51. 3 

21.32. 3 

0.46.33 

4.21.33 

7.38.33 

20.13. 3 

23.28. 3 

4.43.33 

8. 1.33 

22. 9.33 

23.51. 3 

3.26.33 

5 .  6.33 

20 +58+ 3 3  

22-33. 3 

7. 5.33 

19.40. 3 

21.14. 3 

22.55. 3 

2.29.33 

4 .11~33  

5+47+ 3 

’ 30.6 

, 32.8 

37.4 

9.0 

12.6 

12.3 

32.4 

34.6 

9.8 

10.0 

33.3 

36.5 

7.8 

11.9 

32.5 

35.1 

13.0 

10.1 

35.6 

1’2.8 

7.4 

11.0 

30.6 

35.2 

33.3 

375  

375 

375 

376 

376 

376 

3 76 

376 

-20.2 -27.2 377 

-19.0 -17.G 377 

3 77 

377 

378 

378 

378 

378 

3 79 

379  

379 

3 86 

38r  

3 80 

3 86 

3 8C 

3 82 



READOUT O R B I T  

SATFCLITE EQUATJR CKUSSIYG AT SPIN VECTOR ATTITUDE 
ORBITAL ASCEND IYG NOCE I AVO 1 

ORBIT CDA E A 9 T H  HOCRS CACENDAQ TIKUS DELL1 RIGHT HIYI TOT SPIN 
LOVGI YIYLTES -NA ASCEN -HUM I M I N .  RATE 

NO. S T 4  -TUCE SECC:4OS DATE DAY - T I O Y  -SION YADIK AFTER IDEG 
(DEL) I G P T )  I D E G )  IOEGI IDEG) AND) /SECl 

70 2 

70 5 

706 

715 

717 

719 

723 

122 

729 

730 

731 

735 

736 

737 

744 

745 

748 

749 

751 

76 1 

764 

765 

766 

774 
Y 

775 
c; 
cn 

TIME INTERVAL OF FILE OY FHR TAPE 

BEGIY 

HIYU HOURS MINU W/R/T AX0 F MR 
- T E S  MINUTES - T E S  ~ TAPE 
H/Q/T SECONDS W/R/T FROM- TO- REEL 
AN0 I G M T )  AN0 NO. 

DROPOUTS s E N 0  
MINUTES 

2 

1 

1 

1 

2 

1 

1 

2 

1 

1 

2 

1 

2 

2 

1 

1 

1 

1 

2 

2 

-137.65 

148.29 

123.62 

-98.43 

-141.18 

162.86 

138.19 

88.84 

-Q3 .86  

- 1 Cl8 - 5  3 

-133.21 

128 . i9  

133.42 

78.74 

-73.96 

-118.64 

161.34 

142.66 

93.32 

-153.41 

1 132.56 

2 1:17.e9 

2 a 3 . i i  

1 -114.17 

2 - i 3 a . i 4  

2 1 + 21. 5 2 

2.20. 4 

3.57.28 

18+34+1C 

21.48159 

1. 3.48 

2.41. 1 3  

5.56. 2 

17. 11.54 

18.55.19 

2C132.44 

3. 2.22 

4.39.47 

6. 17.11 

17.39. 4 

19.16-28 

'3. 8.42 

1.46. 7 

5 .  b * 5 t  

21.15. 2 

2. 1.16 

3*44.4L 

5.22. 5 

€3.21.22 

9.59.47 

8 1  5 / 6 3  

8/  6 / 6 3  

8 /  6 / 6 3  

8/  6 / 6 3  

8/  6 / 6 3  

8/ 1 / 6 3  

8/ 1 / 6 3  

8/  1 / 6 3  

a/  7 /63  

8/  1 / 6 3  

8/  1 / 6 3  

8 1  8 / 6 3  

8/ 8 / 6 3  

8/ 8 /63  

e /  8 /63  

8 1  8 / 6 3  

8/ 9 / 6 3  

8/ 9 / 6 3  

a /  9 / 6 3  

8 /  9 / 6 3  

8 / 1 9 / 6 3  

8 / 1 0 / 6 3  

8 / 1 6 / 6 3  

6 / 1 5 / 6 3  

R / l i / 6 3  

47 

48  

48  

4e 

48 

49 

49 

49 

49 

49 

49 

50 

53  

50 

53  

5:, 

51 

51 

51 

51 

52 

52 

52 

52 

52 

41 - 9  

41.6 

41 -5 

43.5 

43.3 

43 .1  

43  .O 

39.8 

37.0 

38.9 

38.9 

38.5 

38.4 

39.3 

37.6 

37.5 

31.3 

37.2 

37 .o 

36.3 

36.4 

36.4 

36.5 

36.7 

36.9 

136.9 

136.9 

136.9 

136.7 

136.7 

136.7 

136.7 

136.6 

136.4 

136.4 

136.4 

136.4 

136.4 

136.4 

136.2 

136.2 

136.2 

136.2 

136.1 

135.8 

135.8 

135.1 

135.7 

135.7 

135.7 

-21.5 

-23.8 

-20.6 

-18.8 

-18.4 

-17.9 

-11.7 

-17.3 

-15.9 

-15.6 

-15.4 

-14.6 

-14.4 

-14.2 

-12.7 

-12.5 

-11.9 

-11.7 

-11.3 

-9.3 

-8.9 

-8.7 

-8.6 

-1.4 

-7.3 

13.0 

9.9 

13.0 

9.9 

Y . 9  

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

13.0 

13.0 

13.1 

13.1 

13.2 

13.2 

13.5 

13.5 

55.912 

55.895 

55.889 

55.838 

55.026 

55.815 

55.809 

55.790 

55.759 

55.754 

55.748 

55.706 

55.730 

55.694 

55.654 

55.640 

55.631 

55.625 

55.614 

J5.558 

55.541 

55.536 

55.530 

55.407 

55.481 

-68.5 

-57.0 

-53.8 

-07.0 

-73.5 

-60.5 

-53.0 

-55.6 

-86.8 

-72.1 

-69.5 

-51.1 

-47.3 

-50.0 

-04.4 

-73.5 

-61.4 

-33.4 

-39.8 

-80.2 

-51.8 

-40.5 

-50.8 

-58.5 

-74.6 

21+37* 3 

2-53.33 

4.33.33 

10.45. 3 

21.59.33 

1.34.33 

3.15.33 

6-32.33 

11.29s 3 

1 9 1  7.33 

20.40. 3 

3.38.33 

5.14. 3 

6.55.33 

17.50. 3 

19.30. 3 

0.39. 3 

2*18+33 

5.36s 3 

21.27s 3 

2.42.33 

4-18.33 

5.59. 3 

18.34. 3 

23.12. 3 

9.2 

33.5 

36.1 

lG.9 

l G . 6  

30.8 

34.3 

36.5 

11.2 

12.2 

7.3 

36.2 

34.3 

30.4 

11.0 

13.6 

30.4 

32.4 

35.1 

12.0 

35.3 

33.9 

37.0 

12.7 

11.3 

381 

381 

381 

382 

3 a2 

382 

302 

3 82 

383 

383 

383 

3 83 

383 

303 

384 

384 

384 

3 84 

384 

3 85 

-18.3 -17.3 385 

385 

385 

3 86  

386 



R E  A COUT ORB I T P w 
Q, S A T F L L I T E  EQUATOR CRUSSIVG AT S P I N  VECTOR ATTITUOE 

U R Y I  TAL ASCFND ING NODE I AVO I 
ORBIT C O h  EA4Tt1 HUUQS CALEXDAR T I 9 0 S  D E C L I  RIGHT M I N I  TOT S P I N  

L C U G I  P I ' I L T C S  -NA ASCEN -MOM (MIS. RATE 

( D E G )  I G P T )  ( D E G I  (DEG)  ICEGI AN01 /SCC)  
NO. S T A  -TUUF SECCUDS DATE DAY -110.4 - S I O N  N A D I R  AFTER I D E G  

776 

779 

783 

788 

789 

790 

792 

793 

794 

795 

832 

603 

805 

007 

808 

809 

813 

818 

82 1 

831 

832 

836 

837 

838 

837 

T I M E  INTERVAL OF F I L E  ON FMR TAPE 

B E G I N  

M I N I 1  W/R/T AN0 FMR 
- T E S  K I N U T E S  - 1 E S  - TAPE 

AN0 I G M T I  ANU NO. 

DROPOUTSt E N D  
M I N U T E S  

W/R/T SECONDS W/R/T FROM- TO- REEL 

2 

1 

2 

1 

1 

z 

1 

1 

2 

2 

1 

1 

2 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

2 

2 

-163.51 

12.2 -46 

97.79 

- 9<? .5 7 

- 124.27 

-148.94 

161.7- 

1 3 7 . ~ 3  

112.36 

87.69 

-83 .c 2 

- 1 ~ 9 . 6 9  

-159.L4 

1 5 1 . t~ 
126.97 

192.24 

77.57 

-119.81 

166.17 

- f i O .  56 

- 1.3 - 2  3 

156.r6 

131.39 

1D6.7? 

52..  4 

2 1* 36*l l  

2.28.25 

4. 5.53 

17* 5. 7 

13+42+31 

2O*lS+56 

23e34.45 

l*l2*10 

2*49*34 

4r26.59 

15*4@+51 

17c26.15 

2b.41. 5 

23+55*54 

1*33+19 

3 + 1 ~ * 4 3  

4*48. 9 

17+47*75 

22*39* 38 

14*53.44 

16+31+ 9 

23. 3.47 

: * 3 e - l i  

2.15.37 

?*53. 1 

8/1"/63 

8/11/63 

8 /  1 

8 /  1 

8/  1 

8 /  1 

1 6 3  

/63  

163 

163 

a / i i / 6 3  

8/12/63 

8 /12/63  

8/12/63 

PI12163 

8/12/63 

8/12/63 

8 /12/63  

a /  13/63 

8/13/63 

8/13/63 

8/13/63 

8 /13/63  

8/14/63 

8/14/63 

8/14/63 

@/15/63 

8/15/63 

8/15/63 

52 

53 

53 

53 

53 

53 

53 

54 

54 

54  

54 

54 

54 

54. 

55 

55 

55 

55 

55 

56 

56 

56 

57 

57 

57 

36.8 

36.3 

36.9 

37.2 

37.3 

37.3 

37.3 

37.4 

37.4 

37.4 

37.7 

37.8 

37.8 

37.3 

37.9 

38.0 

38.9 

317.2 

38.5 

37.3 

37.2 

37.0 

36.9 

36.9 

135.7 

135.6 

135.6 

135.6 

135.6 

135.6 

135.5 

135.5 

135.5 

135.5 

135.6 

135.6 

135.6 

135.5 

135.5 

135.5 

135.6 

135.8 

135.8 

135.7 

135.7 

135.8 

135.8 

135.8 

36.8 135.8 

-7.1 

-6 .7 

-6.6 

-5.4 

-5.3 

-5.1 

-4.9 

-4 .7 

-4.6 

-4.5 

-3.5 

-3.4 

-3.1 

-2.8 

-2.7 

-2.6 

-2.4 

-1.3 

-".7 

1.3 

1.4 

2.2 

2.4 

2.6 

2.8 

12.6 

13.7 

10.8 

11.1 

11.1 

11.2 

11.2 

11.2 

11.3 

11.3 

11.6 

11.6 

11.7 

11.8 

11.9 

1.1 .9 

12.6 

12.3 

12.4 

12.6 

12.6 

12.7 

12.8 

12.8 

12.8 

55.476 

55.4oG 

55.454 

55.411 

55.456 

55.431 

55.390 

55.3a5 

55.383 

55.374 

55.337 

55.332 

55.322 

55.311 

55.356 

55.301 

55.295 

55.254 

55.238 

55.186 

55.181 

55.160 

55.155 

55.150 

55.145 

-75.1 

-53.7 

-49.3 

-64.4 

-67.8 

-71.6 

-64.3 

-56.0 

-53.2 

-52.9 

-05.8 

-77.2 

-79.9 

-61.6 

-54.8 

-51.5 

-52.1 

-78.9 

-66.9 

-95.4 

-78.5 

-8.4 

-54.7 

-51.3 

-51.8 

21149.33 

3. 5+ 3 

4.41. 3 

17.15. 3 

18.58. 3 

20. 30.33 

0. 6 .  3 

1+46. 3 

3.23. 3 

5. 3.33 

15.57*33 

17.38- 3 

20.54. 3 

0.28* 3 

2. 9* 3 

3.45. 3 

'5.261.33 

18. 2.33 

23.10. 3 

15. 3* 3 

16.43.33 

23.33. 3 

1.14. 3 

2*5u* 3 

4*30* 3 

13.4 

36.6 

35.2 

9.9 

15.5 

1C.6 

31.3 

33.9 

33.5 

36.6 

8.7 

11.8 

13.0 

32.2 

35.7 

34.3 

38.4 

15.1 

3G.4 

9.3 

12.4 

32.3 

35.9 

34.4 

37.0 

386 

386 

386 

387 

307 

387 

387 

3 87 

387 

387 

388 

388 

388 

388 

388 

388 

388 

389 

389 

3 90 

390 

390 

390 

390 

390 



I 
PEAGOUT O R B I T  T I M E  I N T E R V A L  O F  F I L E  O N  FMR T A P E  

I DROPOUTS,  E N 0  S A T E L L I T E  E C U A T U R  C R O S S I W G  AT S P I N  VECTOR A T T I T U D E  B E G I N  I 
ORBIT 

NO. 

846 1 - 3 ~ , . 6 6  15.14-54 8\15/63 57 3 6 . 3  135.7 4.1 13.0 55.109 -85.5 15.25. 3 10.2 391 

847 1 -115.33 lt+S2*13 bll5/b3 57 3 6 . 3  135.7 4.3 13.G 55.153 -75.3 17. 6. 3 13.8 391 

851 1 145.96 23+21.57 a115163 57 31.1 135.8 5.0 13.2 55.083 -57.6 23-56.25 34.5 391 

853 2 36.62 2*36*46 e/16/63 58 3 6 . 3  135.8 5.4 13.2 55.072 -31.3 3.11.33 34.8 391 

, r l r l S I 1 A L  A S C E N D I N G  ‘,DOL ( A Y O )  M I Y U T E S  
COE, EA;ITH HOURS CALtUUAR 1 1 9 0 5  O E Z L I  R I G H T  M I N I  T O T  S P I N  

5 T A  - T U r J E  SECCUUS OA TE DAY -110’4 - S I O N  N A D I R  A F T E R  ( D E G  R E E L  
(DEG) ( G Y T )  ( O E G )  I O E G I  (OEG) A N D )  I S E C )  I G M T )  NO. 

L i s l G I  t‘ I ’ iLTES - Y A  A S C E X  -MUM ( H I V .  Y A T E  

861 1 

865 1 

866 1 

068  2 

875 1 

881 1 

882 2 

890 1 

892 2 

894 1 

I395 1 

896 Z 

934 1 

906 2 

909 1 

910 1 

911 2 

912 2 

919 1 

w 921 2 W 

-1~J.76 

15- .54 

135.b.6 

8 5 . 5 2  

-96.19 

123.76 

1Jl.f? 

- 7 6 . 2 3  

-145.64 

165.. 1 

15.36. 3 

221 5.41 

22-43. b 

t.57+55 

14-19.47 

‘.* 4-15 

1*41*33 

14 *4.;* 5 6 

17*55*46 

21*1<*35 

144.33 22*47*59 

115.66 Ls25.24 

-31.72 13.24.41 

-131.: 6 15139.3- 

154.95 21.31.44 

i3<.i3 2 3 -  SI a 
1:15.55 i+46*33 

9u.P? 2.23.57 

-91.F3 13*45*5O 

-141.19 17. C.39 

A/l6/63 

8/15/63 

9/16/63 

8/17/63 

8/17/63 

e/19/53 

wie/63 

8/  13/63 

a/i~/63 

0 /  1 Q/63 

a118163 

8/19/53 

b/17/63 

0 / 1 3  I 6  3 

a/i9/63 

9/17/63 

8/20/63 

8/  2.2 / 6 3 

8 1 2 ~ 6 3  

8/29/63 

5 0  35.5 

58  35.3 

58 35.3 

59 35.2 

59 34.8 

bi 34.5 

60 34.5 

6.2 34.1 

63 34.1 

6; 34.1 

6i) 34.1 

61 34.1 

61 33.7 

61 33.7 

61 33.7 

61 33.7 

62 33.7 

62 33.7 

62 33.4 

62 33.4 

135.7 

135.8 

135.9 

135.9 

135.8’ 

136.L 

135.9 

135.3 

135.3 

135.3 

135.3 

135.3 

134.7 

134.7 

134.8 

134.8 

134.8 

134.7 

134.3 

134.4 

6.3 

7.6 

7.8 

9.2 

9.4 

l‘i.4 

10.6 

11.7 

11.9 

12.2 

12.3 

12.5 

13.5 

13.7 

14.1 

14.2 

14.3 

14.4 

15.3 

15.5 

13.5 

13.6 

13.6 

13.7 

13.9 

14.1 

14.2 

14.4 

14.4 

14.5 

14.6 

14.7 

14.8 

14.9 

15.1 

15.2 

15.2 

15.2 

15.5 

15.6 

55.631 

55.C.10 

55.334 

54.994 

54.957 

54.925 

54.920 

54.877 

54.867 

54.856 

54.850 

54.845 

54.801 

54.730 

54.774 

54.768 

54.763 

54.757 

54.712 

54.705 

-76.4 

-59.9 

-53.2 

-57.0 

-84.8 

-53.7 

-49.5 

-75.9 

-64.2 

-63.8 

-56.6 

-50.9 

-79.3 

-66.0 

-64.1 

-55.2 

-51.7 

-52.5 

-79.3 

-63.3 

15.47. 3 

22 37.27 

0.19. 11 

3.35. 3 

14.29.27 

0-41. 3 

2.16. 3 

14.51. 3 

18. 7. 3 

21.41. 3 

23.24. 3 

0.57-33 

13.34- 3 

16.48. 3 

22. 4. 3 

23.45- 3 

1.21. 3 

3. 1.33 

13-55. 3 

17.10. 3 

11.0 

31.8 

36.1 

37.1 

9.7 

36.8 

34.4 

10.1 

11.3 

30.5 

36.1 

32.2 

9.4 

8.6 

32.3 

35.9 

34.5 

37.6 

9.2 

9.4 

392 

3 92 

392 

392 

393 

393 

393 

394 

394 

394 

394 

394 

395 

395 

395 

395 

395 

395 

396 

396 
4 

925 1 12C.12 23.32.17 8/2C/63 62 33.5 134.5 16.3 15.8 54.686 -57.5 0. 8-33 38.3 3 96 



O R B I T  

YO. 

726 

934 

936 

936 

939 

945 

9 4  1 

948 

949 

950 

351 

953 

354 

955 

956 

963  

964 

967 

968 

969 

973 

977 

978 

980 

982 

S A T t L L I T E  EQUATOR C R O S S I V G  A T  S P I Y  VECTOY A T T I T U O E  
O Y O I T A L  A S C E N D I U G  YODC I A N 0 1  

LT)A E A 3 T H  11OU9S C A L E N 0 4 R  T I R O S  D E C L I  R I G H T  M I V I  T J T  S P I N  
L C i L l  P I  JUTES - N 4  A S C E N  -MUM ( M I " .  R A T E  

S T 4  - T U r t :  SECCUDS IDA TE DAY - T I O Y  - S I J N  U A D I R  A F T E R  I O E G  
I D E C )  ( G t ' T )  I O E G )  I D E G )  I D E G )  AYO)  / S E C )  

2 

1 

2 

1 

1 

L 

2 

1 

1 

2 

2 

1 

1 

2 

2 

1 

1 

1 

1 

2 

L 

1 

1 

2 

I 

W / R / T  
AN0 

95.45 1. 7.42 

- 1 C l . Y ;  14.  6.58 

-151.2Q 17.21.48 

153.37 2C.36.37 

134.63 22.14. 1 

1 1 C . i  2 23r51.26 

35.35 l * 2 8 + 5 1  

-87.35 12*50*43 

-112..3 14.28. 7 

-136.7C 16. 5 ~ 3 2  

-161.58 17.42.57 

149.17 22.57.46 

124.53 22*35*1:, 

9 9 - 9 2  d.12.35 

75.;5 I*5L. 3 

-37.45 13*11*5?  

-122.13 14.49.16 

153.64 lS*41+3 \*  

139.17 21.18.55 

114.49 22.56.19 

w . e 2  6.33.44 

-32.69 11.55.36 

- i - 7 . 5 5  13.33. 1 

-156.9- 16*47*53 

153.74 2G+ 2.39 

SECOXDS W/R/T  FROM- TO- R E E L  
I G M T )  A N 0  NO. 

6 / 2 1 / 6 3  

8 / 2 1 / 6 3  

8 / 2 1 / 6 3  

8 / 2 1 / 6 3  

8 / 2 1 / 5 3  

a i21163 

0122 /53  

8 / 2 2 / 6 3  

R/22/63  

8 / 2 2 / 6 3  

8 / 2 2 / 6 3  

8 / 2 2 / 6 3  

8 / 2 2 / 6 3  

8 / 2 3 / 6 3  

8 / 2 3 / 6 3  

8 / 2 3 / 5 3  

8 / 2 3 / 6 3  

8 / 2 3 / 6 3  

8 / 2 3 / 6 3  

8 / 2 3 / 6 3  

8/74/63 

8 / 2 4 / 6 3  

8 / 2 4 / 6 3  

8 / 2 4 / 6 3  

8 / 2 4 / 6 3  

6 3  

63  

63  

6 3  

6 3  

6 3  

64 

64 

64 

64 

64 

64 

64 

65  

65 

65 

65 

65 

65 

65 

66 

66 

66  

66 

66 

33.4 134.4 

32.9 133.8 

32.3 134.0 

32.8 134.1 

32.7 134.1 

32.7 134.1 

32.6 134.0 

32.1 133.5 

32.9 133.6 

32.5 133.7 

32.3 133.8 

31.3 134.i  

31.9 134.0 

31.8 134.0 

31.7 133.9 

31.3 133.6 

31.2 133.6 

31.1 133.7 

31.0 133.7 

31.3 133.7 

33.9 133.7 

30.5 133.3 

33.5 133.3 

3G.4 133.3 

3Z.4 133.4 

T I M E  I a T E R V A L  O F  F I L E  ON FMR TAPE 

16.1 

17.2 

17.5 

17.9 

18.3 

18.1 

18.3 

19.3 

19.4 

19.6 

19.7 

27.1 

20.3 

23.4 

20.6 

21.5 

21.6 

22.b 

22.2 

2?.3 

22.5 

23.4 

23.5 

23.7 

23.9 

15.9 

15.0 

15.1 

16.3 

15 .4  

16.4 

15.5 

15.6 

16.7 

16.8 

16.8 

16.9 

17.0 

17.v 

17 .1  

17 .3  

17.4 

17.6 

17.6 

17.7 

17.8 

18.C 

18.1 

18.2 

18.3 

54.680 

54.640 

54.630 

54.620 

54.615 

54.610 

54.635 

54.568 

54.563 

54.557 

54.552 

54.542 

54.537 

54.532 

54.527 

54.433 

54.405 

54.47G 

54.465 

54,462 

54.455 

54.416 

54.412 

54.404 

54.396 

B E G I N  I E N 0 I DROPOUTS. I 
M I N U T E S  

F HR 
TAPE 

-23.4 

-31.3 

-79.0 

-63.5 

-55.2 

-51.6 

-52.5 

-@5.2 

-77.2 

-67.7 

-78.3 

-61.9 

-54.0 

-53.6 

-51.2 

-85.5 

-76.1 

-68.3 

-55.1 

-50.3 

-54.0 

-86.1 

-79.1 

-83.5 

-64.3 

1.41.33 

14.19. 3 

17.32.33 

21. 8.33 

22.53. 3 

3.26. 3 

2. 6.33 

13. 3 

14.41. 3 

16.14. 3 

17.56. 3 

21.31. 3 

23.12. 3 

~ + 4 a t  3 

2.20.33 

13.23. 3 

15. 4. 3 

20.13. 3 

21.56. 3 

23.29. 3 

1.12. 3 

12. 4. 3 

13.45.33 

16.58.33 

20.35. 3 

33.9 

12.1 

1C.8 

31.9 

36.0 

34.6 

37.7 

9 .3  

12.9 

8.5 

13.1 

33.3 

36.9 

35.5 

36.6 

11.2 

14.8 

31.6 

37.1 

32.7 

38.3 

8.5 

12.5 

l V . 7  

32.4 

396 

397  

397 

3 97 

397 

397  

397 

398  

398 

398 

398 

398 

398 

39a  

398 

399  

3 99 

399 

399 

399  

399 

40C 

400 

400 

400 



9 8 3  

9 0 4  

9 0 5  

9 9 2  

9 9 3  

9 9 4  

9 9 6  

397 

9 9 3  

1 3 2 6  

10'38 

1 2 1 9  

1 5 1 1  

1 2 1 2  

1 3 1 3  

1C14 

1 3 2 1  

1 : , 2 b  

1,127 

1 5 2 a  

1536 

1 3 4 0  

1 3 4 1  

1 5 4 2  

7EACZUT ORRI T 

S A T t L L I T C  E C U A T U ; 1  CKCSSIdC. AT SPIY VECTOR ATTITUDE 
ZX3 ITAL ASCFUD I ' iG ' iOCE I A.10 1 

OR311 CUA E4qTH H O L K S  CALEUDA? T I S J S  DECLI R I G H T  M I N I  TOT SPIN 
L C  1 G I  Y I ' I L T t S  -YA ASCEN -MUN I H I Y .  RATE 

NO. >TA -T'JrF 5ECC"rUS DATE DAY -TI,J)V -SIOX NADIK AFTER I D E G  
I D , = L )  i C r r )  I D E G )  IDEG) IDEG) AVO) / S E C )  

T I M E  IVTERVAL OF F I L E  ON FHR TAPE 

BEGIN E N D  DROPOUTSt 
MINUTES 

MINU HOURS MINU W/R/T AN0 
-TES MINUTES -TES - 
Y / R / T  SECONOS W / R / T  FROM- TO- 
AN0 ( G N T )  AN0 

* 1 ; 4 3  
W 
c3 

i - 1 4 2 . 3 3  15.31.34 B / 2 5 / 6 J  67 23.7 133.0 25.2 1 9 . 9  54 .334  -7.5 15.39.33 8.0 

1 16P.32  13146 .23  8 / 2 5 / 6 3  61  29.3 133.1  25 .4  19.0 54 .322  -67.2 19.16.33 3L.2 

1 i43.C.4 2 ~ * 2 ? * 4 3  8 / 2 5 / 6 3  67 29.3 133 .1  25.5 13.1 54 .316  18 .6  29.56. 3 32.3 

7 74.27 23.3e.37 3 / 2 5 / 1 3  67 29.7 1 3 3 . 1  25 .1  19.3 54 .334  -22.3 @*14* 3 35.4 

1 -7R.41 l i s  is29 6 / 2 6 / 6 3  68  23.5 132 .8  26.4 13 .6  54 .252  -00 .0  11. 9: 3 8.6 -15.5 -14.5 

1 - 1 2 7 . 7 5  14-15.13 9 / 2 6 / 6 3  t 3  29.5 132 .8  26.5 19.7 54 .249  -03.9 14.31. 3 15.0 

2 - 1 5 2 . 4 3  i 5 * 5 2 * 4 3  a / 2 6 / 6 3  6 8  23.5 132.8 26.5 13.6 54 .243  -71.3 16. 3* 3 l G . 3  

1 : 5a .k i  I S .  7.32 d / 2 6 / 6 3  68 29.5 1 3 2 . 3  26 .1  19.9 54.231 -62.9 19.4c.s 3 32.5 

2 1 3 3 . 5 4  2 . f44 .57  9 / 2 5 / 6 3  63 23.5 132 .9  26 .1  23 .0  54 .225  -54 .1  21*2O- 3 35.1 

2 i , 9 . P 7  2 2 * 2 2 = 2 1  8 / 2 6 / 6 3  68 29.5 132.3 26.9 23.0 54 .219  -51.2 22.56s 3 3 3 . 1  

L ? + . I )  z 3 * ; $ * 4 6  P I 2 5 1 4 3  6 9  23 .4  132 .3  26.9 23 .1  54 .214  -53.2 0.36 .  3 36.3 

1 - 8 9 . 5 4  l l * 2 : * 3 1  3 / 2 7 / 6 3  69  29.4 132.6 21.4 23.5 54.175 -81.4 11.30. 3 0.4 

1 ; 4 . ~ . : ' 3  1 ; * ~ + - 4 1  e / 2 7 / 5 j  6~ 23.4 132.6 27.6 23.8 5 4 . 1 5 1  -66.3 20. 2. 3 33.4 

1 1 2 3 . 4 !  Z1* 5* 5 e / 2 1 / 5 3  67 29.4 132 .3  27 .6  23.9 54.147 3.9 21.43. 3 37 .3  

L 3 i i . 7 L  2 2 * 4 3 * 3 ; >  8 / 2 7 / 6 5  6 9  25.3 1 3 2 . 3  27.7 21 .0  54 .143  -53.2 23.19.27 36.0 

1 - 9 e . i ~  i i . 4 2 * 4 7  3 / 2 e / b ;  13 29 .3  132.4 23.1 21.4 54.135 -08.9 11.52-33 9.8 

1 1 6 2 . 6 6  1Y!. l i*25 b / 2 ? / 6 3  7C, 2 3 . 4  132.6 29.1 21 .1  54 .083  -68 .1  19 .43 .  3 39.6 

i i 3 7 . q Q  1 3 * 4 ~ * 5 ' )  e 1 2 3 1 6 3  l( 29.4 132 .6  28.2 21.8 54.078 -56 .5  20.25. 3 35.2 

2 i 1 3 . 3 :  21.27*14 8 / 2 5 / 6 3  70 27.4 1 3 2 . 6  23.2 21 .9  54.G12 -52.3 2 2 1  0. 3 32.8 

2 qe . t .4  23 .  4.37 8 / 2 5 / 6 3  7C. 2.3.3 132.6 28.3 21.9 54.066 -53.5 23.42. 3 37.4 

F MR 
TAPE 
REEL 
NO. 

4 0 3  

4 0 0  

405 

40 1 

40 1 

4 0 1  

40 1 

40 1 

401 

4 0 2  

4 0 2  

4 0 2  

4 0 2  

4 0 2  

4 0 2  

4 0 2  

403 

4 0 3  

4 0 3  

4 0 3  

4 0 4  

404 

4 0 4  

4 0 4  

4 0 4  



c. 
IP 
0 

I I 1 S A T C L L I T E  ECUATOR CROSSIMC AT I S P I N  VECTOR A T T I T U O E  I 
RE AOOU T ORB I T 

I I 1 I 

ORBIT LOA 1 NO. 1 S T A  

I I I I I D E G I  I IDEGI I I O E G I  I AVO1 I /SECI I O E G I  IGPTI 

O K 8 I T A L  ASCENCIYG VOCE I AVO1 
EARTH HOURS C A L E V 0 4 R  T I R O S  D E C L I  R I G H T  M I Y I  TOT S P I N  
L C N G I  F I N C T E S  -N4 ASCEU -MUM I M l N .  RATE 
-TUCE 1 SECCUDS I DATE DAY - T I O X  -SlON N A D l S  AFTER I O E G  

1050 

1051  

1052 

1053  

1055  

1058  

1065  

1366 

1367 

1072 

108C 

1G81 

1382 

1384 

1087 

1094  

1395  

1096 

1399 

1101 

1109 

1113 

1111 

1113  

1116 

1 

1 

1 

2 

1 

2 

1 

1 

2 

2 

1 

2 

2 

1 

2 

1 

1 

2 

1 

2 

1 

2 

2 

1 

2 

-84 .27  1C.26.31 

-1 i8 .74  12. 3.56 

-133.41 13.41.20 

-158.:9 15.18.45 

152.55 i e . j 3*34  

78.53 23.25.49 

-94.17 1Cc47.40 

-118.P4 12.25. 4 

-143.51 1 4 +  2.29 

93.11 22. 9.32 

-134.27 11. 8.49 

-128.94 12146.13 

-153.62 14.23.39 

l 5 7 . t  3 17.38.27 

33.21 22.30.41 

-99.7' 9.52.33 

-114.37 11.29.57 

-139.14 13. 1 -22  

146 -97  17*59*31 

97.59 21.14.25 

-97. E n  1 C* 1 3.42 

-124.47 11.51+ 6 

-149.15 13.28.31 

161. 5 r  16.4 3.2'1 

d 7 . 4 ?  t l * 3 5 + 3 4  

8 / 2 3 / 6 3  

8 / 2 9 / 6 3  

8 / 2 9 / 6 3  

3 / 2 9 / 5 3  

6 /29 /63  

8 / 2 3 / 6 3  

8 / 3 9 / 6 3  

8 / 3 5 / 6 3  

813.3/63 

9 / 3 3 / 6 3  

8 / 3 1 / 6 3  

13/31/63 

8 / 3 1 / 6 3  

e / 3 1 / 6 3  

8 / 3 1 / 6 3  

9/  1 / 6 3  

Y /  1 / 5 3  

9/ 1 / 6 3  

9/  1 / 6 3  

9/  1 / 3 3  

9 1  2163 

3 /  2 / 8 3  

Y /  7 /63  

9/  2 / 6 3  

9/ 2 / 6 3  

71  

71 

71 

71  

71  

71  

72 

72 

72 

72 

73 

73  

73  

73 

73 

74 

74 

74 

74 

74 

75 

75 

75 

75  

75 

2Y.2 

29.2 

29.2 

29.2 

29.1 

29.3 

28.9 

28.9 

26.9 

28.3 

20.3 

28.S 

28.8 

28.8 

28.6 

28.7 

28.7 

2d.7 

2a .  7 

28.7 

28.9 

28.3 

28.8 

28.3 

28.9 

132.3 28.6 

132.4 28.6 

132.4 28.7 

132.5 29.7 

132.6 28.8 

132.b 29.? 

132.3 29.2 

132.4 29.2 

132.4 29.2 

132.6 29.4 

132.4 29.5 

132.4 29.5 

132.5 29.4 

132.6 29.4 

132.6 29.5 

132.3 29.4 

132.4 29.4 

132.4 29.3 

132.6 29.3 

132.6 29.3 

132.3 29.3 

132.3 29.3 

132.4 29.9 

132.5 29.e 

132.7 28.7 

22.3 

22.4 

22.5 

22.5 

22.7 

22.9 

23.3 

23.4 

23.5 

23.9 

24.4 

24.5 

24.6 

24.6 

26.9 

25.3 

25.4 

25.4 

25.7 

25.9 

25.3 

25.4 

26.5 

25.7 

25.9 

54.028 

54.022 

54.017 

54.012 

54.001 

53.934 

53.946 

53.941 

53.935 

53.938 

53.065 

53.859 

53.854 

53.843 

53.827 

53.789 

53.794 

53.779 

53.753 

53.752 

5 3.78) 9 

53.734 

53.698 

53.688 

53.672 

T I M E  I 

B E C I X  

M I N U  
- T E S  
W / K / T  
AN0 

-85.8 

-77.2 

-75.3 

-79.6 

-62.3 

-52.7 

-28.0 

-74.8 

-73.3 

-38 .v 

-81.1 

-75.5 

-79.5 

-63.9 

-55.7 

-84.6 

-76.1 

-72.1 

-16.5 

-51.1 

-71.7 

-74.7 

-83.9 

-62.7 

-53.3 

HOURS 
M I N U T E S  
SECONDS 

I GMT I 

TERVAL O F  F I L E  ON FHR TAPE 

DROPOUTS. 
M I  YUTE S 

W/R/T FROH- 

19.36. 3 

12*16* 3 

13*49+ 3 

15.31. 3 

19. 6.33 

0. 3.33 

10.58- 3 

12.39. 3 

14-11. 3 

22.44. 3 

11.19.33 

12.54. 3 

14.35. 3 

18.10. 3 

23. 8.33 

10. 2. 3 

11.43. 3 

13+17* 3 

18.33. 3 

21.52. 3 

10.24. 3 

l l+5t3*  3 

13.39. 3 

17-15. 3 

22.14.33 

9.5 

12.1 

7.7 

12.3 

33.0 

37.8 

lC.4 

14.0 

8.6 

34.5 

10.7 

7 . 8  

11.4 

31.6 

37.9 

9.5 

13.1 

9.7 

33.5 

37.6 

1C.4 

7.9 

l t . 5  

31.7 

39.0 

FMR 
TAPE 
REEL 

NO. 

405 

405 

40 5 

405 

40 5 

405 

406  

406  

406  

406 

407  

407 

407 

407 

407  

408 

408 

408 

4 0  8 

408  

409 

409 

409 

405  

409  



9 E ADOUT O R B 1  1 T I M E  I N T E R V A L  OF F I L E  ON FMR TAPE 

S A T E L L I T E  ECUATOR CRClSSI\IG l T  S P l Y  VECTOS A T T I T U O E  B E G I Y  E N 0  OROPOUTSt 
U S a l T A L  ASCE'dDIXG 'JODE I 4 Y O )  

O R B I T  iD4 E A S T H  I iOUQS CALE'JDAR TlROS D E t C I  RIGHT M I Y I  TOT S P I N  MINU W/R/T AVO 
L O V C i  Y I U L T E 5  -N4 ASCEN -#UK I M I Y .  RATE - T E S  M I N U T E S  - 1 E S  

I D E G )  I G Y T I  I D E S 1  ( D E G I  I O E G )  AN01 I S E C )  A N 0  I G M T )  A N 0  

M I  NUTE S 

NO. S T A  -TUCE SECC'IDS DATE DAY - 1 1 0 4  -SIOY Y A D I R  AFTER I O E G  W/R/T SECONDS W/R/T FROM- TO- 

1123 

1124 

1125 

1126 

1128 

1130 

1138 

1139 

1140 

1142 

1143 

1145 

1152 

1153 

FMR 
TAPE 
REEL 

NO. 

1 

1 

2 

2 

1 

2 

1 

1 

2 

1 

1 

2 

1 

1 

-85.22 

-1d9..99 

- 1 3 4 . 5 1  

-151.24 

151.41' 

l 'J2.  6 

-35.32 

-117.99 

-144 - 5 1  

165 .si! 

141.31 

91.96 

-8 J . 7 4  

-1L5.42 

e.51.26 

15*34*5'I 

12.12.15 

13+49+4J 

11. 4*23 

23.19.18 

3.1e.34 

12.55.59 

12.3 2.24 

15.42.13 

11.25.31 

22.4C.27 

e. 2.19 

9.39.43 

9/ 3 / 6 3  

9/ 3 / 6 3  

9 /  3 / 6 3  

1 /  3 / 5 3  

9 /  3 / 6 3  

9/ 3 / 5 3  

9 /  4 / 6 3  

9 /  4 / 6 3  

3 /  4 / 5 3  

9 /  4 / 6 3  

9 /  4 / 6 3  

9/ 4 / 5 3  

9/ 5 / 6 3  

9 /  5 / 6 3  

16 

16 

16 

16 

16 

76 

17 

17 

17 

17 

11 

17 

18 

18 

20.5 

28.4 

28.4 

28.4 

28.3 

28.2 

21.4 

21.7 

21.1 

21.6 

21.5 

21.5 

26.1 

26.6 

133.5 

133.6 

133.1 

133.8 

133.9 

134.1 

135.3 

135.1 

135.1 

135.3 

135.4 

135.6 

136.6 

136.1 

28.5 

29.5 

28.5 

28.5 

28.4 

28.3 

2a.0 

28.G 

28.0 

21.9 

21.0 

27.1 

21.5 

27.5 

21.6 

21.1 

21.8 

27.9 

28.1 

28.2 

29.0 

29.1 

29.2 

29.4 

29.5 

29.1 

33.5 

33.6 

53.634 

53.629 

53.624 

53.618 

53.608 

53.591 

53.554 

53.549 

53.544 

53.533 

53.520 

53.517 

53.480 

53.474 

-83 .8  

-75.9 

- 5 1  - 4  

-79.3 

-61.5 

-41.2 

-14.0 

-11.0 

-13.2 

-65.2 

-13.6 

-41.5 

-86.5 

-23.4 

9.  7. 3 

19.47. 3 

12.21. 3 

14. 2. 3 

17.37.27 

20-56.33 

9.29. 3 

11.13. 3 

12.42.33 

16.18.33 

11+58*33 

2 1.1 l e 3 3  

8.12. 3 

9.50.33 

9.6 

12.2 

8.8 

12.4 

33.0 

31.3 

10.5 

14.1 

9.2 

3G.3 

32.9 

37.1 

9.7 

1 C  .8 

4 10 

4 1 0  

4 1 0  

4 1 0  

4 1 0  

4 1 0  

4 1 1  

4 1 1  

4 1 1  

4 1 1  

4 1 1  

4 1 1  

412 

412 

1154 2 -135..4 l l * 1 7 *  8 9/ 5 / 6 3  18 25.4 136.8 27.5 33.7 53.469 -31.6 11.25. 3 7.9 4 1 2  

1155 2 -154.16 12154.32 Y/ 5 / 6 3  18 26.3 136.9 21.5 33.0 53.464 -18.1 13. 6. 3 11.5 4 1 2  

1 1 5 1  1 i55 .8e  It. 9.22 31 5 / 6 3  la 26.1 131.0 21.4 33.9 53.453 -61.1 16.41.33 32.2 4 1 2  

1159 2 1G6.53 19*24*11 9/ 5 / 6 3  18 25.0 137.3 21.3 31.1 53.442 -40.3 19.59. 3 34.9 4 1 2  

1169 2 31.06 21. 1.35 9 /  5 / 6 3  78 25.9 131.4 21.3 31.2 53.431 -49.0 21.41.58 -0.4 4 1 2  

1 1 6 1  1 -93.84 8.23.21 9 /  6 / 5 3  19 24.8 138.5 27.3 32.1 53.399 -82.4 8.33. 3 9.6 

1169 2 -14J.13 11r38.16 9 /  6 / 6 3  19  24.5 138.7 21.3 32.3 53.389 -74.0 11.46.33 0.3 

1112 1 145.ia i 6 ~ 3 c + 3 1 3  91 6 / 6 3  1-3 24.2 138.8 26.9 32.5 53.373 -59.6 17. 4. 3 33.6 

1114 2 3 6 . 4 3  19.45.29 9/ b / S 3  79 24.3 139.1 26.8 32.8 53.362 -39.4 20.22. 3 36.7 

1182 2 -133.94 e.44.36 9 /  7 / 6 3  8C 22.6 140.2 26.4 33.0 53.319 -13.6 8.55. 3 10.5 

1193 2 -125.62 11.22. 1 9 /  1 / 6 3  80 2 2 - 5  140.2 26.4 33.9 53.313 -14.7 10.29. 3 7.0 

4 1 3  

4 1 3  

4 1 3  

4 1 3  

4 1 4  

4 1 4  



TEAUUUT O R B I T  

S A T E L L l T E  EOUATOR C R O S S I \ I G  AT S P I U  VECTOR A T T I T U D E  
O R B I T A L  A S C F Y U I U G  VOCE ( ANO)  

O R B I T  C D A  EARTI i  H O l R S  CALEYUAR T I R O S  D E C L I  R I G H T  M I N I  TOT S P I N  
L C X G I  F1INUTES -NA ASCEN -MUM ( M I Y .  RATE 

NO. S T A  -TUDE SECChOS DATE D A Y  - T I O W  -SIOU %A014 AFTER ( U E G  
( U E t i )  ( G M T )  ( O E G )  ( U E G )  ( D E G )  A N 0 1  /SEC) 

1184 

1186  

1188  

1189 

1196 

1197 

1198 

1199 

1201  

1203  

1211  

1212 

1213  

1215 

1216 

1218  

1225 

1226 

1230 

1231  

1233  

1241  

1242 

1244  

1245  

T I M E  I N T E R V A L  O F  F I L E  ON FMR TAPE 

B E G I N  

M I N U  FMR 
- T E S  M I N U T E S  - 1 E S  TAPE 
W / R / T  SECONDS W I R I T  FROM- TO- R E E L  
AN0 ( G M T )  A N 0  NO. 

UROPOUTSt  E N D  

2 

2 

2 

7 L 

2 

2 

2 

2 

2 

2 

1 

1 

2 

1 

1 

i 

1 

1 

3 

1 

2 

1 

2 

1 

3 

-15U.29 11*59+25 

16@.36 15*14+14 

1 l l . i l  l@*Z9*  4 

86 .33  2C+ 6.28 

-a6.37 7.2e.23 

- l l l . C 4  9* 5.45 

-135.72 lC.43. 9 

-1bU.39 12.ZC.34 

150.25 15.35.23 

130.9 1 1 8+ 5 C  12 

-96.47 7.49.29 

-121.14 9.26.53 

-145.82 11. 4.18 

164.83 14.19. 7 

140.16 15.56.32 

93.81 19*11+21  

-81.92 6.33.13 

-1G6.59 @+1C*38 

154.71 14*40*16 

130.C.3 16+17*4C 

8 t .69  19.32.3; 

- i16 .69  8c31.46 

-141.36 1:. S.11 

169.28 13-24. 3 

144.61 15. 1.25 

9 /  7 /63  

9 /  7 /63  

9 /  7 /63  

9 /  7 / 6 3  

9 /  S /63  

9 /  8 / 6 3  

9 /  8 / 6 3  

91 8 / 6 3  

9 /  8 / 6 3  

9/ 8 / 6 3  

9/ 9 / 6 3  

9 /  9 / 6 3  

9 /  9 / 6 3  

9 /  9 / 6 3  

9/ 9 / 6 3  

9 /  9 / 6 3  

9 / 1 :J / 6 3 

9 / 1 @ / 6 3  

9/ 1 gi / 6 3 

9 / 1 3 / 6 3  

9/ 1 W 6 3  

9 / 1 1 / 6 3  

9 / 1 1 / 6 3  

9 / 1 1 / 6 3  

9 / 1 1 / 6 3  

80 

80 

8C 

80 

81 

81 

8 1  

81 

e l  

e l  

e2  

F2 

82 

82 

e2 

R2 

83 

e3  

e3 

83 

e3 

84 

e4 

84 

84 

22.3 

22.0 

21.8 

21.7 

2C.3 

20.1 

19.9 

19.7 

19.5 

19.2 

17.7 

17.5 

17.4 

17.1 

17.3 

16.8 

15 .7  

15.5 

15.5 

14.9 

14.6 

13.3 

13.1 

12 .8  

12.7 

143.2 

140.3 

140.5 

140.6 

141.5 

141.5 

141.5 

141.5 

141.6 

141.7 

142.3 

142.3 

142.3 

142.3 

142.3 

142.3 

142.5 

142.5 

142.5 

142.4 

142.5 

142.6 

142.6 

142.5 

142.5 

26.4 

26.4 

26.3 

26.2 

25.E 

25.9 

25.8 

25.9 

25.7 

25.6 

25.1 

25 . i  

25.C 

24.9 

24.8 

24.7 

24.2 

24.1 

23.9 

23.8 

23.6 

23.0 

2 3 . ~  

22.9 

22.8 

34.0 

34.2 

34.3 

34.4 

35.3 

35.4 

35.4 

35.5 

35.7 

35.9 

36.8 

35.9 

37.c 

37.2 

37.2 

37.3 

38.0 

38.1 

38.4 

38.5 

38.6 

39.3 

39.4 

39.6 

39.7 

53.308 

53.297 

53.286 

53.281 

53.243 

53.238 

53.232 

53.227 

53.216 

53.205 

53.162 

53.156 

53.151 

53.140 

53.134 

53.123 

53.085 

53.079 

53.057 

53.052 

53.C41 

52.996 

52.991 

52.990 

52.974 

-61.9 

-63.3 

-43.2 

-51.3 

-85.7 

-76.6 

-74.1 

-77.3 

-61.3 

-41.7 

-76.6 

-75.1 

-72.4 

-63.5 

-54.6 

-57.3 

-88.8 

-75.2 

-24.2 

-67.9 

-66.6 

-70.9 

-71.9 

-63.7 

-57.0 

12.1~. 33  

15 +45*55 

19. 3 1  3 

20*44+ 3 

7.38. 3 

9.18. 3 

13r52.27 

12.33.33 

16. 8.33 

19.25. 3 

e. U. 3 

9.41. 3 

11 14. 33 

14.49-33 

16.31. 3 

19.47.28 

6.42.33 

8.21. 3 

14+59*33 

16.53. 3 

20.1u. 3 

8.45. 3 

13*17*33 

13+54* 3 

15.22. 3 

11.1 

31.7 

34.0 

37.6 

9.7 

12.3 

9.3 

13.0 

33.2 

34.9 

lu .6  

14.2 

1G.3 

3c.4 

34.5 

36.1 

9.3 

10.4 

19.3 

35.4 

37.6 

13.3 

8.4 

30.1 

20.6 

414  

414  

414 

414 

415 

415 

415 

415 

415 

415 

416 

416 

416 

416 

416  

416  

417 

417 

417  

417 

417 

418 

418 

418 

418 



I READOUT O R B I T  T I M E  I N T E R V A L  OF F I L E  O N  FMR T A P E  I 
I I S A T E L L I T E  E1UATI )R  C R D S S I Y ' ,  AT I S P I V  VECTOR A T T I T U D E  I 

T D T  
( M I X .  
A F T E R  
A N 0 1  

O R B I T  I NO. 

~ ~~ 

B E G I N  E N D  DROPOUTS,  
M I N U T E S  

5 P I N  M I N U  HOURS M I N U  W / R / T  AUO FMR 
R A T E  - T E S  M I N U T E S  - T E S  T A P E  
( D E G  W / R / T  SECONDS W/R/T  FROM- TO- R E E L  
/SECl A N 0  ( G M T l  A N 0  NO. 

1246 

1255 

1256 

1259 

1262 

1269 

1270 

1272 

1276 

1294  

1285  

1296 

1289 

1291 

1298 

1299 

1300 

1391  

1333 

1304 

1336 

1313  

1314 

~ 1315 
#b 

1318 

O R B I T A L  A S C F N C I  

L C Y G I  P I r d C T C S  
- T U D E  SECCNDS 
(CEG) ( G W I  

3 119.94 16.38.49 

I -1-2.11 7+15+33  

1 -126.79 8+52*55 

3 159.19 13.45. 9 

2 85.17 ie.37.22 

1 

1 

2 

2 

1 

1 

2 

3 

2 

I 

1 

2 

2 

3 

3 

2 

1 

-e7.54 

-112.21 

-161.55 

99.74 

-37.64 

-122.31 

-146.98 

138.99 

89.64 

-83.56 

-127.73 

-152.4 1 

- i57 . ;e  

153.55 

128.97 

77.54 

-'33.16 

5.59.14 

7.36.39 

1C.51.26 

17+21+  6 

6 2C+2 3 

7.57+47 

9.35.12 

14+  2 7-26 

17142.15 

5 +  4. 7 

6m41.3 1 

8+18+56 

4+56.21 

13+ 11-12 

14*4?+34 

18. 3.23 

5+25-15  

1 -117 . t3  7 +  2.40 

2 -142.51 9+45* 5 

3 143.45 13.32.19 

9 /  1 1 / 6 3  

9 /12 /63  

9 / 1 2 / 6 3  

9 / 1 2 / 5 3  

9 / 1 2 / 6 3  

9 /  13/53 

9 / 1 3 / 5 3  

9 / 1 3 / 5 3  

9 / 1 3 / 6 3  

9 / 1 4 / 6 3  

9 / 1 4 / 6 3  

9 / 1 4 / 5 3  

9 /14 /63  

9 / 1 4 / 6 3  

9 / 1 5 / 5 3  

9 / 1 5 / 6 3  

9 / 1 5 / 6 3  

9 / 1 5 / 6 3  

9 / 1 5 / 6 3  

9 / 1 5 / 6 3  

9 / 1 5 / 6 3  

9 /  1 6 / 6 3  

9 / 1 6 / 6 3  

9 / 1 6 / 6 3  

7 / 1 6 / 6 3  

e4  

e 5  

85 

e 5  

85 

8b 

66 

e6 

86 

e7  

87 

e7  

87  

97 

8% 

99 

ea  
ea  
R8 

sa 
88 

39 

E9 

09  

5 9  

12.6 142.4 

11.2 142.7 

11.0 142.8 

1'5.6 142.8 

13.5 142.9 

1 ~ . 7  143.2 

13.7 143.2 

1 j . J  143.4 

13.9 143.1 

11.2 i43 .a  

11.2 143.9 

11.3 143.9 

11 .3  144.1 

11.4 144.2 

1 1 . 4  144.3 

11.3 144.4 

11.5 144.4 

11.7 144.5 

11.7 144.6 

12.1 144.6 

12.1 144.7 

12.5 144.8 

12.5 144.8 

12.6 144.9 

12.7 145.9 

22.7 

21.8 

21.7 

21.4 

21.0 

19.3 

19.C 

13.5 

17.5 

15.5 

15.3 

15.2 

14.2 

13.7 

12.2 

11.7 

11.5 

11.2 

112.7 

lC1.4 

9.9 

9.2 

7.9 

7.6 

6.3 

39.7 

43.5 

43.6 

43.9 

41.0 

41.4 

41.4 

41.5 

41 - 7  

42.C 

42.1 

42.1 

42.3 

42.3 

42.6 

42.6 

42.7 

42.7 

42.7 

42.8 

42.9 

43.1 

43.1 

43.1 

43.3 

52.968 

52.918 

52.912 

52.875 

52.878 

52.E38 

52.833 

52.821 

52.778 

52.752 

52.746 

52.740 

52.723 

52.714 

52.673 

52.668 

52.652 

52.656 

52.644 

52.639 

52.627 

52.596 

52. 5AO 

32.574 

52.557 

-64.9 

-76.2 

-74.6 

-52.1 

-50.3 

-84.5 

-75.9 

-82.6 

-62.5 

-76.6 

-75.7 

-73.2 

-54.2 

-52.8 

-88.3 

-75.6 

-76.3 

-74.2 

-63.9 

-66.8 

-56.2 

-34.9 

-75.6 

-71.1 

-60.2 

17, 2. 3 

7.25.58 

9. 8+28  

14. 4. 3 

19.16. 3 

6. 9. 3 

7.49. 3 

11. 4.28 

17+56+ 3 

6.31. 3 

8.12. 3 

9.45.28 

14.49.28 

18*18*29 

5'15.28 

6.53. 3 

8-27. 3 

I O +  8.29 

13.31. 3 

15*11* 3 

l 8 + 4 1 +  3 

5.35. 3 

7.16. 3 

8.43- 3 

13.53. 3 

23.2 

1C.5 

15.6 

18.9 

38.7 

9.8 

12.4 

13.0 

35.0 

1C.7 

14.3 

1c. 3 

22.0 

36.2 

9.4 

11.5 

8.1 

12.1 

19.9 

22.5 

37.7 

9.8 

15.4 

9.0 

20.8 

418 

419 

419 

419 

419 

420 

420 

420 

420 

421 

421 

421 

421 

421 

422 

422 

422 

422 

422 

422 

422 

423 

423 

423 

423 



F S E A C O U T  O R B I T  T I M E  I U T E R V A L  O F  F I L E  ON FMR T A P E  
A 
A 

S A T E L L  I E  E Q U A T O R  C R O S S I ’ J G  A T  S P I N  V E C T O R  A T T I T U D E  
O R B I T A  A S C E N D I N G  &ODE I A N 0 1  

UkfrIT LOA E A Q l H  H O U R S  CALEWOAK T I S 0 5  D E L L 1  R I G H T  M I N I  TOT S P I N  
L O U G I  M I N L T E S  - X A  A S C E N  -MUM I M I i 4 .  R A T E  

NO. S T A  - T U D E  S E C C Y O S  D A T E  D A Y  - T I O Y  -S Ic lW \ I A D I R  A F T E R  ( D E G  
I O E G I  IGMTI I D E G I  I O E G I  I O E G I  AVO1 / S E C l  

B E G I Y  

M I N U  
- T E S  
W / R / T  
AN0 

E N 0  

I GHT I 

1328 

1329 

1110 

1332 

1333 

1335 

1343 

1346 

1345 

1348 

1357 

1358 

1359 

1352 

1363 

1364 

1371 

1372 

1371 

1374 

1376 

1377 

1379 

1387 

1388 

1 -1.33.23 

2 -127.96 

2 -152.63 

3 

3 

2 

1 

2 

2 

3 

1 

1 

2 

3 

2 

2 

1 

1 

2 

2 

3 

3 

2 

1 

2 

5.46.24 

7.23.49 

9. 1.13 

158.C1 12.16. 2 

133.34 13.53.27 

83.99 17. 8.16 

-113.39 6. 7.32 

-138.06 7.44.57 

-162.73 9+22*22 

123.24 14.14.35 

-98.61 4.51.16 

-123.48 6.28.41 

-148.16 8. 6- 5 

137.61 12.58.19 

113.14 14.35.44 

n8.46 16.13. 8 

-84.24 3.35. 0 

-108.91 5+ 1 2 + 2 5  

-133.58 6.49.49 

-158.26 8.27.14 

152.39 11.42. 3 

127.71 13.19.28 

78.37 16.34.17 

-119.t.1 5.33.33 

-143.69 7.1i.58 

9/17/63 

9/17/63 

9117163 

9/17/63 

9/17/63 

9/17/63 

9/13/63 

9/18/63 

9/18/63 

9/18/63 

9/19/63 

9/19/63 

9/19/63 

9/19/63 

9/19/63 

9/19/63 

9/29/63 

9/29/63 

9/20/63 

9/2Q/b3 

9/20/63 

9/2(3/63 

9/2C/63 

9/21/63 
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APPENDIX B 
SUBPOINT TRACK SUMMARY OF 
AVAILABLE RADIATION DATA 

In this section, the time interval for which 
radiation data, are  available on the FMR 
tapes for TIROS VI1 from launch, June 19, 
1963, to September 30, 1963 is summarized 
diagrammatically by means of subpoint 
tracks for each interrogation day. As dis- 
cussed previously, an interrogation day may 
be contained within the calendar day, or i t  
may consist of parts of two calendar days. 
This method of presentation enables the data 
user to quickly appraise the orbits containing 
data in an  area of interest. 

Before discussing the subpoint track sum- 
maries, however, the various scanning modes 
of the TIROS radiometer and the relation- 
ship between the satellite nadir angle (the 
angle between the local vertical and the spin 
axis in the direction of the television 
cameras) and the optical axis of the medium 
resolution radiometer will be illustrated. 

The three possible earth scanning pat- 
terns, or  modes, of the TIROS radiometer 
may be characterized as follows (Figure 
B1) : 

(a) Closed Mode-All scan spots through- 
out a number of spin cycles of the satellite 
are  earth viewed, either through the wall 
sensor or the floor sensor. 

(b)  Single Open Mode-Some scan spots 
of a spin cycle are  space viewed and the re- 
mainder are  earth viewed through the wall 
sensor only or through the floor sensor only. 

(c) Alternating Open Mode-The scan 
spots of a spin cycle are  a combination of 
space and earth viewed, alternately through 
the wall sensor and the floor sensor. 

In  Figure B2, on an  earth cross-section, 
are  shown nominal satellite nadir angle 
values bounding the various radiometer 
scanning modes. These values are  for a 
height above the earth of about 635 km. It 
has been assumed that the spin vector co- 
ordinates remain constant throughout one 
orbit and that the minimum nadir angle is 
zero. Generally, the minimum nadir angle 
encountered throughout an  orbit is not zero, 

hence diminishing the time period of the 
closed mode. I n  a number of orbits, the 
minimum nadir angle is greater than 20.5O, 
and hence there is no closed mode. 

On the subpoint track summaries, each 
interrogation day is denoted by its calendar 
date or dates as the case may be. Dropouts 
are  indicated by a symbol I - I where each 
dash represents one minute for which data 
are  not available. Dropouts which occur at 
the beginning of tape have been left off the 
subpoint summaries. Each orbit is identified 
by orbit number and the time of occurrence 
of the ANO, to the hour and nearest minute 
in GMT. The symbol "0" indicates the point 
with respect to the orbital subpoint track 
where the minimum satellite nadir ( q o )  
angle for the interrogation day occurs and 
its location is the point a t  which the spin axis 
intersects the earth's surface. The orbit to 
which v,, applies is indicated by a straight 
line drawn normal to that orbit and the 
value of v,, to the nearest degree is also indi- 
cated. I n  cases where any ambiguity might 
arise as to the orbit to which 7)" applies, an 
arrow parallel to the applicable subpoint 
track is used (e.g. on page 180, v0 = -19' 
applies to Readout Orbit 427). The spin 
vector changes only slightly in declination 
and right ascension during one interrog a t ' 1011 

day; and, thus, the minimum nadir angle is 
essentially constant and remains a t  approxi- 
mately the same relative position to each 
orbit during one interrogation day. 

To illustrate the use of the subpoint sum- 
maries, we use the same example as was 
used in Appendix A. If the master subpoint 
track overlay from the back cover of the 
Catalog-Manual is placed over the subpoint 
track for orbit 277 (plage 170) with the 
ascending node at longitude 91.36" West, 
then the subpoint truck shown is applicable 
to  the available data acquired during this 
interrogation. For a limiting scan nadir 
angle of 58") the radiometer can acquire data 
from an area along the subpoint track which 
is within 11" of great circle arc on either 
side of the track. It can be seen that the data 
began 94.2 minutes before and ended 10.6 
minutes after the ascending node time which 
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was approximately 03:28 GMT. Also, a one 
minute dropout occurs between -54.4 and 
-53.4 minutes with respect to the ascending 
node time. The minimum satellite nadir 
angle to the nearest whole degree, and suffi- 
ciently accurate to apply to the entire inter- 
rogation day, was -30° on orbit 279. The 
intersection of the spin (camera) axis with 
the earth, indicated by an  “a”, lay south of 
the subpoint track as indicated by the nega- 
tive value of the minimum satellite nadir 
angle. 

The bounding orbits of .periods where 
there exists direct solar radiation inter- 
ference in the reduced channel 3 and 5 data 
(as described in Section VI) are given in 
the lower right hand corner of the Subpoint 
Track Summaries for the period in which 
they apply. For example, direct solar radia- 
tion interference in channels 3 and 5 on all 
orbits from 0321 to 0343 inclusive is indi- 
cated on the Subpoint Track Summaries for 
the days July 11 and 12,1963. 
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Figure B1-Scanning modes of the TIROS radiometer: (a) closed mode, (b) single 
open mode, and (c) alternating open mode. 
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20.50 O0 20.5O 

69. 

110. 

159.5O I 159.50 180° 

Figure B2-Nominal boundary satellite nadir angles f o r  the  various scanning modes at 
a height of about 635 km. Arrows indicate the spin vector through the top of the 
satellite, and the  nadir  angles refer  to  the opposite direction, viz., t h e  spin (camera) 
axis. Solid lines at 46" to  the arrows indicate the floor and dashed lines the  wall 
scans of the  radiometer. 
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