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PREFACE -

The purpose of this document is to help the user understand the
Earth Radiation Budget (ERB) sensor characteristics, their advan-
tages and limitations. During the past decade, fragments of the
ERB sensor characteristics have been published in a nurmber of
different periodicals. This complete assembly {illustrating pre-
cisely how the ERB on Himbus-6 and -7 collected radiation data
should aid the user in data analysis.

Technical support in the performance of this study was furnished
informally by various ERB HET members. The following individuals
contributed significantly to this study.

Les Kyle, HASA/GSFC, Greenbelt, MD
H. Jacobowitz,. . NOAA/NESS, Mashington, D.C.
J. Hickey, Eppley Lab, KRewport, RI
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NI¥3US-6 AND -7 EARTH RADIATION
BUDGET (ERB) SENSOR DETAILS AKD
COMPONENT TESTS

1. INTRODUCTION

The average user of Earth Radiation Budget (ERB) data is usually pnfamiliar.
with the operating characteristics of the sensor systems that provide the
data. The dissimilarity between the thermopiles (used in the solar and fixed-
earth channels), the pyroelectric detectors (used {in the earth-scanning chan-
nels), and traditional detectors makes it fimportant that a basic review of
their operational characteristics be made easily available. This basic infor-
mation should help the user understand the advantages and limitations of the-
ERB sensor system.

Since ERB sensor construction details are sometimes of interest to the user
and not readily available, they are given in Appendizes A, B, C, and O,

The "Design Study (Final Report) for the Nimbus-7 ERD Experiment“l contains
most of the'peftihgnf details regarding the ERB design history. Its historical
completeness (up to Decembder 7, 1970) makes it unnccessary to repeat, the de-
tails in this 200-pagz report. '

2. DETECTOR SELECTION

ERB radiat}cn méééuéemcﬁt requfﬁéménfé were found to be unique. These %§Qu1re-
ments included fairly uniform sensitivity to a range of wavelengths from about
0.3 to 50.0 um and a linear response to several orders of magnitude intensity
changes. In addition, an excellent long-term (months or years) response uni-
formity in a space environment vas needed.

Pyroclectric, thermistor bolometers and thermopiles Were among the'severa1
types of detectors cvaluated. Based on this analysis, the thermopile wes se-
lected for the solar and fixed carth-viewing channels 1 through 14 primarily
because in edditién to having the desired capabilities, it also had the re-
quired response time capability. For the scanning channels 15 through 22,
because a very chort dwell time was available, pyroelectric sensors qué'uscd.



3. THERMOPILES

A wire-wound thermopile consists of a coil of constantan wire that s wound
around an anodized aluminum heat sink. A portion cf the constantan wire is
copper-plated to form the thermocouples. The thermopile signals are gencrated
by temperature differences between thermocouple junctions in intimate contact
with the primdry receiver and corresbonding reference junctions. The reference
Junctions for the Eppley-type N3 thermopiles are in contact with a reference

~receiver which {s identical with the primary receiver, but face fn the oppo-

site direction and view a relatively constant temperature housing. Thus, they
afe in nearly therma) equilibrium with the ERB main frame. The tima constants
of the primary and reference receivers are matched so that thermopile body
temperature changes will not generate false signals.

Hickey2 indfcates that in the Eppley thermopile design, the best properties of
two classical techniques are ccrbinsd: those of the Coblentz mass compensated
thermopiie and those of the heat simk thermopile. The desirable qualities of
these wire-vound thermopiles are good linearity, Tow-tempsrature coefficient,
and long-term stability.

As with all sensor systems when extremzly high radicmetric accuracy s de-
sired, many response characteristics, which are considered trivial when run-

..:of-the-mill. accuracies .are .adequate, heceme problem areas. For instanca, the

output signal of a thermopile is generated by the temperature difference be-
tween thermocouple Junctions in contact with a black-painted radiation re- '
ceiver surface and a corresponding set of reference Jjunctions. The radiation
absorption and emission characteristics of the painted surface determine the
detector response. The instrument thermal desfgn must isolate the thermopiles
from spacecraft temperature changes during data-sampling periods and between
channel calibration checks. Figure 1 indicates the nature of the thermal in-
terchangz between the thermopile and 1ts surroundings. Knowledge of the module
termeratures of both the solar and earth-flux channels is needed to correct
for thaermopile sensitivity chances with temperaturce. Thermistor temperature
sensors and very high accuracy platinum resistance temperature sencors.were
installed in the thermopile bodies and in the module bodies. e
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In_theory and in carefu!!y‘controlled.laboratory tests, thermopiles have been
found to have noise levels comparable to the Johnson nofse of a standard re-
sistor of the same resistance. Thus, their inherent accuracy is limited by the
analog-to-dfgitalv(A/D) conversion error of one bit in 2047 and not by either
the thermopile or fts preamplifier, '

3.1 THERMOPILE ELECTRONICS!»23

The analog chain for the thermopiles shown in Figure 2 is essentially identi-
cal for all these sensors. Since the thermopiles are de devices, electrenic
chopping is used to produce an ac signal to eliminate offset effects in the
amplifiers. The preamplifier converts the high-impedance, low-level signals to
low-impadance signals at a higher level. To minimize nofse, both the chopper
and preamplifier are located near the thermopile. Tha post amplifier has two
roles: amplification and bandpass frequency shaping. This filtering maximizes .
the signal-to-noise, particularly, by reducing 1/f noise. Tha full-wave syn-
chronous damodulator is used to convert the éc signals back to dc. To elimi-
nate possible-sﬂifdﬂing'n6i39‘transients, blanking is used. Further signal-
to-noise ratic improvermant is proQided by the gated integrator, which.inte-
grates the signal for a fixed tima. The sample-and-hold circuit stores the
integrator output while the integrator is reset foir the next integration
period. Sipce,ph; thqrmgpj]e_;gnsi;jvitips vary approximately 20 percent’ from
'Unft'to'hﬁii;ﬁéﬁ.1ﬁiﬁiél'fhroughpﬁt (output voltage per given input radiance)
¥as needed to set amplifier gains so that the full-scale range was kncwn.
Absolute accuracies of a few percent and relative accuracies of 0.2 percent
viere required. The cé]ibration used in the data analysis was primarily deter-
mined from extensive vacuum calibration of the whole instrument.

3.2 PROBLEN AREAS

amount of work was required to eliminate any sensitivity of the detector to
radio frequencies (RF's). This vas necessary because 3 thermopile resemSles a
small multiturn iocp and therefore requires adequate RF shielding and o@héﬁ
electrical system noise pickup precautions,



TREDMCDLE
CITCZCTON

1€3%2

[idseptens

FULLUIAVE

CRUIFINLLD

£52

3 B
oo p oo
wiedde

CLESTTONE

CIFTERCHTIAL LIFUT
© BHISLEENDED CUNRUT

A

oviis
| s |

WITECRATT

AD
HOLD

Stz Tkl

FULL\ZAVE
wiTHELA

Figure 2. Analog Circuit Block for ERB Solar Channels (design developed by Gulton)3

TOA/D

-0 COVERTER

(@]
‘11’

et 4

vd 1y

e

VYN0 u

Al
&1

S N b ke s e iee e g n -



IRy

S e e “‘\_‘;(.7.
4. PYROELECTRIC DETECTORS4’5 .

The pyroelectric detector was fabricated from a thin slice of a materiél hay-
ing a permaneﬁt electrical polarization (i.e., a ferrcelectric). The detector
response is produced by the dependence of {ts degree of polarization on its
temperature. However, polarization cannot be sensed on a continuous basis be-
cause a measuring circuit that is connected to the detector will allow any
charge distribution to flow to the detector electrodes, neutralizing the po-
larization effects. Thus, the application of the pyroelectric effect relies on

~sensing a change in polarization. For this reason, a pyroelectric detector

should be considered as strictly an ac device.

The equivalent circuit of a pyroelectric datector is a current source in par-
allel with its own capacitance. Therefore, a change in datector polarization
will give rise to a displacement current in the detector material and a com-
pensating current flow in the external mzasuring circuit.,

To determine the response of the detector to incident radiation, it is neces-
sary to measure both the effects of input radiation from a blackhody af.Vari-
ous temperatures and the effect of sensor temperature changes. Each of these

‘temperatures must be held constant over a range of values until a constant

output sensor signal is observed. In general, the detector response. is a.lin-

© ear fﬁﬁct{oh'of changing input (chopped) radiation. However, the currerms will

depend on the heat sinking of the detector element and on the response time of
any coating used to enhance its radiation absorption. Figure 3 illustrates the
typical response to a rectangular radiation pulse. Heat sinking causes the
element temperature to approach a constant value, at which point the rate of
heat loss is equal to the rate of input from the constant radiation flux. The
slowing of the temperature increase corresponds to a decay (or droop)- in the
output current. Surface coatings produce a rounding of the pulse's leading
edge.,

The inherent response speed of a pyrcelectric detector is due to the fect Fhat
it responds to the rate of change of temperature, rather than direct]y-tb the
temperature itself. It has been noted in Reference § that its (3dB) frequency
range is from 2 to 2000 Hz. The inherent linearity of the pyroelectric effect
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ensures that the output cu;;chf\iﬁ ﬁr@ﬁériiona1 to incident power even when
the element heating 1is nonuniform.. This is especially important for fast pul-
ses, in which heating during the pulse may bhe concentrated near the element's
surface. '

4.1 PYROELECTRIC ELECTRONICS

Since the hasic equivalent circuit of a pyroelectric detcctor is simply a cur-
rent source in parallel with its own capacitance, to convert the low-level
current produced by the dotector to a voltage at a convenient impedance level,
2 high-impedance current-to-voltage converting prearplifier must be used.

It is usually very important to minimize current nofse by using a high value
of load resistance, or feedback resistance (typically 1011 ohms), and by se-
lecting low-current leakaga components. voltage noise is also important, par-
ticularly at high frequencies or when using a larce-area detector.

4,2 PROBLEM AREAS

In.the ERB pyroelect}§é datector design, particular attention was given to the
potential problems associated with the high-impadance nature of the input cir-
cuits, particularly susceptibility to electromagnetic interference and micio-
phonics. These factors require either a hwbrid detector/prearplifier design or
:moﬁplar.qonptryciiqn,>Thg‘lagtqr approa;h,a1lowed performance flexibility and
the selection of amplifier 6omponen£§.pr6du¢ihg minicum noise. o

An additional concern was the pyrcelectric nature of the detector itself. A
detector system specifically designed for low microphonics and acoustic isola~
tion was used. The detector was firmly mounted in a relatively massive struc-
ture. -

5. DETECTOR BLACK COATING CHARACTERI TICS6

A1l the ERB detector surfaces werc blackened with 3M-401C10 velvet black
paint. This means that the absorpticn/refiection characteristics of the
painted sensor surface are important in deternining the detector responsc.
Both the spectral and angular response characteristics of the sensor wi;F'jts
painted surface should be accurately kngwn. One of the basic rcasons'this



knowledge ‘{s important is that vihen very accurate absolute measurements of the
Earth's radiation are made, fairly large terperature variations are present in
the field of view (FOV). Therefore, the angular response, as well as the spec-
tral response, is important. In addition, since the painted sensor surface
radiates energy back to the Earth or space, its emission characteristics
should be measured throughout the spectral regions used. Unfortunately, the

" gpectral response out to 50 microns was not measured on either the black-

painted thermopiles or the pyroelectric detectors.

Practical black coatings necver attain the {decal absorptance value of unity,
nor are they ever ideally free of spectral selectivity. The latter shertcoming
has become more apparent during the past docade bocause of improvements in
spectrophotometric methods. For ideal heat transfer to the underlying receiv-
er, the thermal resistance between the front and back surfeces of the black
coating should be zero, but this is also never achfeved in practice. In par-
ticular, it is important to ensure during infrared measurcments that the inci-
dent beam does not heat the black significantly, for it becomes difficult to
distingquish between reflected and thermally remitted radiatien. In any'inves-
tigaticn regarding differences batween laboratory and operational’ éeasura-
ments, this problem should be investigated because of the considerable differ-
ence between the two data-moasuring techniques.

R

In the mathematical Iong-waveie gth }adiometric conversion from a bléc?body to

an carth/atmosphere radiation spectral input, an important consideration is
that the thermopiles had 2 very thick coating of 3 black paint, whereas the
pyroelectric had such a thin 24 paint coat that the base material could be
seen through the paint. This could result in quite a different tong-wavelength
thermopile detector response than vas maasured for the pyroclectric detector.
Fragments of data ‘indicate that a thick 34 coat of paint has high-infrared
absorption out to long wavelengths. The lightly painted pyrcelectric relative
response because -of increasing surface reflectivity with increasing wavelength
decreased to about 40 percent of its near-infraraed rcsponse4 at 40 pm. Unfor-
tunately, a thick-paint coat on the pyroelectric cell would have considerably
degraded 1ts-pefformance at all wavelenaths. o



6. ERB SEHSOR CONSTRUCTIO“

Since the optical characteristics of the ERB sensors is not detailed in-efther
the Nimbus-6 or -7 Users Guide, a brief description of the construction of
thesc sensors {s necessary. A detailed description of each group of ERB sen-
sors appears in Appendixes A, B, and C.

6.1 SOLAR CHANNELS

Figure 4 shows a cross-sectional drawing of the typical-filtered solar chan-
nel. Incoming radiation enters the sensor throuch a protective window. After
passing through a spectral filter, 1t passes through a second windo+ and
strikes a 3H black-painted thermopile detector surface. The first protectivé
window minimizes the effects of charged particles, whereas the second window
reduces the effects of solar filter heating on the detector. The whole interi-
or of the cell was painted black to reduce the effects of sclar radiation
reflections cn the detecter. ’

In ERB-7, a wide spectral region (0.20 to 50 um) channel 10c replaced the very
narrew tandwidth channel used in ERB-6. This channel consisting of an inwerted
cone within a cylinder proved very stable and rediom2trically accurate.

6.2 WIDE FIELD-OF-VIEY SENSOR

L Figure 5-shews - the typical-optical- arrangement of the earth-obser?iﬁg-wide

field-of-view (UFOV) channels. The two domes provided the same chargéd par-
ticle and infrared attenuation filtering as was the case for the solar chan-
nels. Other HFOV channels had no hemisphere-sheped windows and sensed the
entire spectral range from about 0.2 to 50.0 pm. ‘

6.3 SCANHING CHARHELS

The ERB has four optical telescopes arranged in o fan shape which is éiways
oriented perpendicular to the scan directions so that a wide area of Earth is
svept. The tolescope contains a short-wave and long-wave optical system. As
shostn in Ficure 6, the optical hardeare schematic of the narrow field-of-view
(NFOV) scanning channels, the telescope focuses collected radiation alter-
nately on ona of two apertures. This is performad usina a chopping whcé1.with

10
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mirrored teeth as shown in Figure-7. . When-the mivrors are in the radiation

beam, the radiation is reflected to the {nfrared optical system. The openings
in the mirror teeth pass the radiation to the short-wave relay assembly. As
noted in Fiqure 6, the short-wave relay assemdly focuses reflected radiation
via M3 throuch an appropriate ¢ilter onto the pyroelectric detector.

The Tong-wrave portion of the scanning channcls cperates in a rather unique
fashion. Hhen a reflecting tooth ic in the radiatiocn beam as shewn in Ficures
6 and 7, the reflected radiatien passing through the zperture 1s focused on
‘the pyro=lectric detector by the M5 mirror. It passes throuch a coated diamond
long-wiave interference filter before striking the doetector.

Hhen the openings between the mirrer teeth are in the optical path, blackbody
radiatfon frem an arca surrcunding the aperturc fe reflected by M4 and focused
back through the eperture clit as show#n in Ficure 6. This radicticn s also
focused thrbugh the coated dizmond filter conto the dotectors As a result, the

- -pyrozlectric (ac) detector senses tho difference hetwoen the Earth/atmosphere

or extertor blackbody radiztion and the internal slit-produced blackbody radi-
ation. ) ' )

The radiatfon flow schematic sheun in Figure 7 illustrates in detail the na-
- ture’of this’ long-vavelength radiation mezsurcmant process. A space view and 2
calibrated blackbody source on the sensor system support wall are used’in
space to determine the long-wave dztector system blackbody calibration. They
produce Ebb-l as shown in Figure 7. After passing through the coated diamond
filter, filtered radiation Eyy , results. The very thin 3! black paint on the
pyroelectric detector produces detector response variation with wavelength,
which can also bz mathematically treated as a fi1€ering effect. This proguces
3 theoretical radiation Epy 5 that heats or cools the detector. Simi\a%l},
Ee/a-l from the Earth/atmosphere produces Ee/a-3 that alternately heats or
cools the detector when the telescope views the Earth. The internal blackbody
radiation Ei-l produced by the aporture results in the radiation E1_3. The
resultant counts transmitted to ground stations therefore represent the 1np§§
grated spectral radiaticn differences betweon two different thermal sources.
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6.4 ASSEMBLED CONFIGURATION

.

Figure 8 shows the location of each of the ERB sensor components. As noted,
the solar channels face forward while the large FOV sensors and the scanner
point down toward Earth. ‘ ‘

7. SENSOR TESTING AND CALTBRATION!*8

The National Aeronautics and Space Administration (NASA) has established ex-
tensive space operational performance criteria for most of the components used

in the Nimbus satellite and the ERB sensor system. Appendix E describes a few -

of the tests made on ERB components. Complete sensor testing and calibration
viere frequently combined, and complete sets of tests repeated a number of
times as the problems that became apparent in the tests were corrected. Sev-
eral test Jocations were needed because of the inherent nature of the tests
and the lack of certain special facilities .t each testing site. In Reference
7, the extensive detafls of both Eppley Lab and Gulton test requirements,
preparations, procedures, and data processing are listed. The overall testing
of each of the ERB components is described in Appendix D. Additional test
details arc given in the references. Figure 9 indicates the typical ERB-7 test
plan flow diagram. Problems occurring at any of the test steps requirgd a

- .- repeat “of - much. of ‘the complete cycle, -Thus, 1 or 2 years were required for

completing all the steps listed in Figure 9. Perhaps the most critical pa%t of
all the test procedures listed in this figure was the thermal vacuum testing
of the complete satellite with all sensors in place and operating. Reference 8
indicates some of the precblems that arose in this performance testing.

These tests were designed primarily to expose weak or deficient components by
stressing them with temperature cxtremes and tfansients. Therefore, instrument
functional checks were used to verify proper performance. Instrument function
was verificd either manually or visually in real time during these tests. An
exception was the scan routines or patterns that required computer diagnos-
tics. Magnetic tape records were macde of each test sequence to permit-post-
test reconstruction of events and trends. As indicated in Reference 7..the
calibration process required exercising mest of the commands and functions so
as to significantly reduce the amount of explicit functional testing., For time
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Figure 9. ERB Test and Calibration

Plan Test Flow Diagram
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and equipment economy, vacuum calibration was usually interlecaved with thermal
cycling. This combination was required: because temperature dependent coeffi-
cients were nceded to compute orbital data. The {nstrumant had to be accurate
over a range of about 10°to 40°C. It was not physically possible to hold the
censitivities of the 22 detectors constant over this temaerature range.

The desired extremely accurate ERB radiometric moasurements dictated that
laboratory measuremants bé made using standards traceable to the best inter-
‘npational standard available at the time of the tests. Unfortunate1y. only
recently has a "Horld Radiometric Reference” (MRR) become official. At the
start of the ERB calibration, the most widely accepted pyrheliometer calibra-

tion was the International Pyrheliometeric Scale (1pS) of 1956. Since this 

scale was under revision at the time of the tests, a second pyrheliometeric
reference scale was also used. This reference scale was in close agreemant
with the results of self-calibrating cavity radioreters.g

The ERB transfer standards vere the Reference Sensor Bodal (RSH) 2nd an Eppley
Normal Incidence Pyrheliometer (NIP). The transfer standards were calibrated
against both the Kendall-type PACRAD (cavity radiomater) and the Angstrom-type
pyrheliometer in natural sunlight at Albuguerque, New Hoanico. These transfer
standards were then used in conjunction with & solar simutator and a quartz-
.. windowed. vacyum chambar to.establish the final vacuum sensitivities of the ten
solar channels. T o

Roth types of transfer standards were needed because of time and spatial uni-
formity limitations of the solar simulator and the vacuum/air sensitivity
differences of the RSH and the ERB. Many crosschecks were necessary because a
direct calibration in a vacuum using a uniform solar £1lux vas not possible. In
addition to determining the basic sensitivities, it was necessary to establish
a sensitivity temperature coefficient in a vacuum in the as-mounted condition
{n the instrument.

The traceability of the filtered solar channels shewn in Fiqure 10 required
that a set of filters matching those mounted in the ERR sensors be in.the bear
of the particular calibration source (usually the solar simulator) vihile the
transmitted radiation was moasured by the reference {nstrument. Genorally this
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was one of the ERB NIP's, but occasiona]ly the cavity was used to check the
results. During routine 1ntercomparisons 1n ‘the thermal vacuum test1ng, the
ERB Reference sensor model was emp]oyed. It was also fitted with a set of
matching filters. Since the spectrum of the solar simulator was different from
that of extraterrestrial sunshine, a filter factor analysis had to be per-
formed to allow for adjustment. Although this did not affect the relative work
done during the various tests, it would affect the ultimate results after
launch. In order to do this, the simulator spectra had to be measured using a
spectroradiometer consisting of a double-prism (quartz) monochromator which
viewed a standard c¢f spectral irradiance and the simulator beam alternately.
The reference lamp was traceable to the then current version of the National
Bureau of Standards (NBS) scale of spectral irradiance. The transmittance
curves of the filters were determined using a spectrophotometer. The mathem-
atical convolutions were performed to determine the magnitude of the differ-
ence in filter factors for siwvulated and actusi solar flux. Since the true
extraterrestrial solar tlux curve was not known, three of the most videly
accepted spectia were employed in the calculations. These calculations were
employed to éhlculatc‘the expected transmitted energy in ecach band. The cal-
culated energy was used to alles adjustr~nt of the qain of each channel so
that it would read near full scale when in orbit. The calculations were suc-
cessful for all channels except channel 10s of Nimbus-6 (not a cavity) which

_requinedxinggrtion,gf,scrcen.to.gut down the incoming radiation.

The traceability diagram for the fixed WFOV channels shown in Figqure 11 was
followed in calibrating these channels. Basic blackbody calibrations were all
performed in the manner indicated. The basic standard for this calibration was
the International Practical Temperature Scale of 1968 as resident in the plat-
inum resistance thermometer standard (traccable to NBS) used in the calibra-
tion of the PRT sensors in the Total Carth-flux Channel Blackbody (TECB). The
problems with the calibrations using the TECB exposure technique are related
to geometry and algorithm use. The geometry was imposed by the project con-
straints. The tast environment did not allow for a true simulation of the
orbital geometry and required that the radiation leaving the TECB be intcr-
cepted by ERB in such a manner that it would not interfere with adjo{ning
instruments. The only alternative was to set the geometry so that the channels
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11 and 12 were overfilled. This meant that the portion of the FOV, which vould
norma11y be filled by deep space (ihe annular space ring around the Earth)
when in flight, was no# filled by blackbody radiation from the TECB. Tests to
accurately assess this effect were not performed until 1981, 3 years after the
launch of HNimbus-7. The study of hos to apply this newt information to the
flight data is still in progress.

The channels having hemispherical filters (channels 13 and 14) were essen-
tially calibrated using techniques'simildr to the calibration of the solar
‘channels. The original intent was to perform shading calibrations of the
standard technique employed for pyranometers (sotar radiometers with a 18¢°
FOV), using a cavity or NIP as the reference. This proved to be 1mpract1ca1 as
did a number of other alternatives. As a result, the Nirbus-6 ERB channels 13
and 14 were calibrated in air (atmospheric pressure) on a bench in the labora-
tory at Gulton, using the solar efmulator as the source and the HIP as the
reference. For Nimbus-7, the samo procedure was followed except that the tests
vere performnd 1n 3 modified chamher under vacuum.

Figure 12 shows the traceability of the scanning channel calibrations. These
channels were calibrated in terms of radiance responsivity rather than 1rrad1-
ance responsivity as were the solar and fixed earth-flux channels.

The'short-wave”scanning-channels-are.spectra11y limited to the region matching
channels 1S, 25, and 13E by matching Suprasil W windows. The calibration ref-
erence for these channels was the cavity scale through a reference normal
incidence pyrheliometer. The radiance responsivity of the RIP was obtained in
tvo ways: (1) from the calculation of the effective solid angle and subsequent
application of this factor to the measured {rradiance rasponsivity and (2) by
exposure to a diffuse source of known radiance. The latter method was per-
formad by irradiating a Mg0-smoked plate with a stable beam froem a solar simu-
lator at one solar constant of total irradiance. The uniformity of the radi-
ance field was checked by viewing the plate at a number of different angles
with the instrumant under test. A radiance uniformity of less than 20.5 per-
cent was determined in this manner. The radiance rosponsivity of the RIP. be-
tween the two methods agreed to within 1 percent. B
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The short-wave scanning channels of the RSM were directly compared with a
reference NIP by alternately viewing a common reflectance target that was
irradiated by natural and simulated solar radiation. The reflectance target in
this case was coated with barium sulfate. This procedure included monitoring
the incident radiation with another calibrated NIP in such a manner that the
effective reflectance of the plates for the geometrical conditions was estab-
1ished.

7.1 SOLAR CHANNELS 1 THROUCH 10

Solar channe] calibration consisted of exposing the Normal Incident Pyrheliom-
eter (NIP ) (in room air) and the Reference Sensor Model (RSH } (in air or
vacuum at various temperatures) sequentially to the solar sfmulator beam. The
solar simulator was adjusted to approximately one solar constant as measured
behind a quartz window identical with the vacuum chamber windows. The HIP was
used to determing the solar constant.

To correct for short-term solar simulator varfations, a traveling thermopile
was used to 1nstantannou;1y monitor solar simulator output. It was not cali-
brated in absolute terms. A mask was mounted in the sirulator beam so, that
correspohdfng channels in the RSM and ERB used exactly the same part of the
simulator beam leading to reproducible ERB/RSH ratios even in the face of
spat1a1 nowunifonw1t1e4 of 1 or 2 percent in the beam. Either the ERB or the
.RSH cou]d be 111Uﬂinutcd by a 5imp1e translation of the simulator.

7.2 EARTH-FLUX CHAKNELS 11 THROUGH 148

Calibration of the WFOV earth-flux chanrels fell into two categories: short-
wave (channels 13 and 14) and longwave (channels 11 and 12). The calibration
of channels 13 and 14 (the short-wave vhole earth-flux channels) used proce-
dures similar to those for the solar channels but required additional equip-
ment. Physical limitations in the vacuum chamber prevented illumination of
these channals from a source external to the chamber. A quartz {odine lamp was
arranged to illuminate the foregoing channels in vacuum and air to establish
vacuum/air response ratios. The lamp current was carefully controlled to en-
sure constancy during the two measurcments. L
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Having established the vacuum/air ratios, the instrument was removed from the
chamber and set up for illumination of channels 13 and 14 by the solar simu-
lator operating at a reduced level. The simulator beam was again masked so.
that the beam intensity was well characterized over the small region involved.
Mthough this approach for calibrating a wide-a2ngle sensor differs from the

reflecting hemisphere approach, it was thought to be more accurate. Available

_hemispheres were not suitably Lambertfan or uniform to produce a better cali-

bration.

Channels 11 and 12 (shown in detail in Appendik B) were calibrated using a
highly emissive TECB, designed to fill the FOV with a uniform target tempera-
ture (no thermal gradients were present). Precision platinum resistance ther-
mometers were used to mzasure thé target temperatures. Target temperatures
from 180°to 390°K were used in ten approximately equal radiance steps. Tem-
peratures were controlled and monitored to 0.1°C for these calibrations. This
approach established not only the sensitivity but also the linearity of the
channel response to various blackbody temperatures. Calibration measurerents
were also perforiad &t 'various instrument temperatuves to establish. their
temnerature response coefficients.

7.3 SCANNING CHAKNELS 15 THROUGH 228

The ERB scgnning channels wore the only earth-viewing channels having a flight

"calibration system. The Yong-wave infrared channels had an internal blackbody

reference which could be viewed through the telescope. The short-vave ‘channels
had an aluminized flat plate which could be used to reflect solar radiance.

In the laboratory, the long-wave channels can be considered to 'have a dual
calibration. First, they were calibrated directly in vacuum by use of 2 Long-
Wave Scan Channel Blackbody (LHSTB). The LUSCB has four target areas that are
highly emissive because they had emissive surfaces as well as qeow~tr1c radi-
ation trapping. Each target zrea overfilled the 0.25° by 5. 14° FOV, and each
area had its own ‘platinum resistance thermometer. A target temperature 10-
level calibration was performed over the range of -165 to +50°C.
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The internal blackbody target was calibrated using the direct calibration of
the channels as a transfer standard. In other words, by viewing first an ex-
ternal target of nearly the same temperature as the internal target and then
viewing the internal target, the latter {is calibrated directly against the
external target. Since the geometry of viewing the internal target did not
change, a well-defined calibration point for in-flight use was available. It
is important to note that the internal target temperature readout scheme was
part of this calibration. Because of the articulation properties of the scan

~ head, the internal target was buried deep inside the instrument wvhere it was

least subject to surface degradation and was in a stable temperature environ-
ment.

The prelaunch short-wave scan channel calibration was performed by viewing an
aluminized flat plate reflectance target, which was {lluminated by the solar
simulator. The amount of light leaving the target was determined by direct
measurement using a specially calibrated NIP. Over the viewing angtes used,

-the target was found to be very nearly Lambertian so that with knowledge of

the incident radiation level, the reflected radiation could be determined.
Highly reflective, freshly smoked magnesium oxide plates were used for the
final calibration that verified earlier calibrations using barium sulphate

plates.

This flat plate calibration target was used in space to reflect sunlight into
the short-wave scan channels during calibration periods. Since the solar angle
of incidence on the plate varies continuously as the spacecraft orbital posi-
tion changes, the rcflected radiation intensity also varies. This angle effect
was determined in laboratory testing by tilting the instrument in front of the
solar simulator and obtaining the sensor responsc ratio relative to normal
incidence. Should the spacecraft yaw cxceed design limits, similar yaw angle
correction factors were determined over & 220 degree range.

7.4 IN-FLIGHT CALIBRATION AND cHECks:!s12

In-flight checks of the degradation of the solar and earth-flux charingls were:
accomplished by occasionally unshuttering the veference channels 1 and 11,
which are duplicates of channels 2 and 12, respectively.
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In addition to these optical calibration checks, the electronic linearity and
gain were checked, on command, bj replacing the normal varying scene signals
with fixed staircase input signals. Any changes in electronic calibration were
noted and corrections applied.

‘A go/no-go heater system provided an additional functional check for channels

1 through 14. Each of the foregoing channels has a resfstor installed adjacent
to the reference junction thermopile receivers. Upon actuation of the go/no-co
command, a precise voltagz was applied to these resistors. Since there are no

~ shutters for channels 13 and 14, their response was contaminated by the scene.

Channels 11 and 12 were influenced by the shutter temperatures that are in-
cluded in the temperature telemetry points. The short-wave channels 1 through
10 were checked with the solar door shut. Although this system was designed
primarily for prelaunch checkout purposes and not for calibration, its repeat -
ability and stability were useful in long-term flight calibration confidence
determinations.

Periodic'in-f1ight checks of the short-wave scanning channel's calibration
were accomplished by viewing the solar-illuminated, diffusely ref1ect1ng‘piﬁte
described in Sectfon 7.3. When the scan head was commanded to “"Shortwave
Check," a door opened exposing the laboratory-calibrated flat plate to sun-

-1ighty athich. it roflected into the.short-vave channels. Studies of the.reflec-

tance characteristics of this plate in space have indicated a slow steady
temporal degradation even though it is securely stored behind a door between
measurements.

Periodically the infrared NFOV system was calibrated by pointing the telescope
at space and then at an internal blackbody having a very accurate temperature
measurement system. A linear interpolation between these tvio blackbody-.radi-
ances was used to determine the operational infrared algorithm coefficients.

In the determination of sensor drift or changz in sensor response (sensitiv-
ity), the fact (indicated in Sectior 6.3) that the short-wavelength and long-
wavelength channels operate in two entirely different modes needs emph;f@é.
The short-wave channels operate in a conventional sensor mode, and therefore
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any sensitivity change becomes apparent vhen correlation with other channel
data 1s made.

In the long-wave scanning channel calibration, the counts are determinéd by
the difference between reference radiances. Therefore, any change in sensor
detectivity will not be apparent in the data using conventional analysis tech-
niques. It {s necessary to consider in detail the implications of this non-
conventional data recording before it can be understood.

In the prelaunch tests, équ1pment limitations made it necessary to overfill
the WFOV detector field of view with blackbody target radiation. Tests were
made recently determining the WFOV response to the cold ring of space around
the Earth, vhich is included in the field of view of channels 11 and 12 on
both ERB 6 and 7. 1In these tests, a flight sparc of the ERB WFOV sensors
viewed a blackbody surrounded by a 1iquid nitrogen cooled ring. A modified
algorithm allowing solutions for all calibraticn gecmetries was developed.12

Additional calibration checks have been performed on the ERB-7 data after the
data were processed-into radiance data. Among these checks are the following:

© Comparison between the UFOV and NFOV data to determine an adjusthaﬁt to
the original calibrations.

(4] Est1mat1on of channel 13 by subtract1ng channel 12 night from channel 12

"'day w\en _obs erved over & uniform]y emitting surface (e.g., Tropica]
Pac1f1c).11 :

© Comparison of channel 13 observations over the Sahara Desert. Channel
13 measurements were normalized for solar zenith anqgle and averaged over
2-vicek, 3-week, and monthly cycles. These values were then compared to
determine the degradation of channel 13.

o Comparison of channels 11 and 12 when both are unshuttercd.

© Analysis of data taken during satellite pitchup maneuvers that allow the
WFOV channels to view the Sun directly.
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As part of the ERB-6 reprocessing, the ERB-6 WFOV channel data are also being
compared with the ERB-7 WFOV data for. orbits that are approximately collo-.
cated. o
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APPENDIX A
SOLAR CHANNEL CONSTRUCTION

In ERB-6 and -7 there were 10 solar channels. These were independent medular
elemants each having only filters, apertures, and a mated amplifier. They were
mounted in an array with no imaging optics. Thermopile detectors respond to
temperature changes produced by solar radiation striking their surfaces. Sen-
sor thermal emission through the aperture and to their surroundings cool them
and require algorithm correction based on laboratory measurcementse.

i. THERMOPILE HARDWARE DETAILS1

The detectors for all channels discussed here wvere improved versions of the
wire-wound type of thermopiles used in the Eppley-JPL radiometers. There were
two types: N3 and KZz. Type'N3 is used for channels 1S through 8S and 11E
through 14E. Those in the earth channels had a circular blackened area on the
receiver, Whereas_those in the solar channels were blackened over the entire
square. Channels 95 -and 10S had type K2 thermopiles, which were larger but
similar in construction to the N3 type. Figure A-1 is a drawing of the N3
thermopile. The identified basic parts are given in this fiqure. -

The thermopiles were constructed to react to a conductive thermal transient in
. such -a-way- that-both. active and.reference receivers would respond simultane-
ously and equally to the temperature offset, thus cancelling any offset in
output signal. The time constants of the actual active and reference couples
were also matched by position control during the plating operation. The re-
ceivers were matched, coated, and mounted so as to ensure a time-constant
balance. This requirement was extremely important because of the orbital char-
acteristics of the experiment, since solar measurcments were made during the
thermal transient period due to the satellite crossing the terminator. from
darkness to full sunlight. It was a highly critical parameter for channels 9s
and 10S, having type K2 thermopiles, because of the low-radiation input signal
levels and the high sensitivity of the thermopiles. For this reason, the ac-
tive and reference junction timz constants of the K2 thermopiles werc balanced
within 2 percent. The type H3 thermopile was balanced within £5 percent %o
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(1Hhermap11e body (the two mounting lugs rxtend to
either side of the main body; the top surface of
the lugs is the thermal transfer control surface
o the channel body)
The hole in the right lug at (a) was for mounting
the monitoring thermister

@%ontacts

®Insu1ator that electrically isolates the contact
‘mounting screw

C:Eontacﬁ mounting screw

Q.’ound and plated copper-censtantan thermocouple
wires (the couples are made by plating copper
rover a wound constentan coil in a particular
manner)

(:%ctive (upper} and reference {1cwer) receivers

Figure A-1. Schematic of the construction of a typical

Solar Sensor Thermopile
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meet the accuracy objectives of the other channels. The ERB-7 channels are the
same as those of ERB-6, except for channel 10, which was designed as indicated
in Table A-1 and described in Section 4. '

A1l ERB-6 channels except for channels 95 and 10S had the same thermopile,
type N3, whereas channels 95 and 105 had type K2. The larger size K2 thermo-

“pile was required to obtain adequate irradiance responsivity. The very narrow

spectral bandwidths used for these two ERB-6 channels produced relatively
small {rradiance signals. The K2 thermopiles had a larger receiver area but
otherwise were similar in construction to the N3 thermopiles. However, because
of the larger thermisters, channel 95 and the ERB-G 10S FOV's were different
from the other solar channels.

Definitions of the FOV geometry used are shown in Fiqure A-2. The unencumberad
field is that for which the source fitled the entire receiver. The central
field was such that the geometrical center of the receiver was considered as a
point detector, and the maximum field was that over which any part of the
source could be §eep_py.any part of the detector.

The Sun was viewed by ERB when it was within the unencumbered field for about
3 minutes over the Antarctic region. The solar channels were also monitored
both before and after solar acquisition to obtain space radiation for refer-

ence usc.

2. ERB SPECTRAL RESPONSE

The spectral intervals monitored by the ten ERB-6 solar channels are fllus-
trated in Figure A-3, which are superimposed on the 1971 standard extraterres-
trial NASA curve. Basically, the intervals include:

¢ Necessary input data for the heat budget calculations
o Bands in which deviations among various solar spectral curves exist
© Bands in which solar variability may be evident

Channels 1 and 2 were duplicates, channel 1 being the reference for channel 2
in the in-flight calibration program. Channels 4 and 5 contained broad band-
pass filters that matched those of the standard Schott glasses, 0GS30-and

A-3
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Table A-1 )
Characteristics of ERB-6 and -7 Solar Channels
Channel Havelength Limits Filter
(um)
1 0.2 - 3.8 Suprasil W
2 0.2 - 3.8 Suprasil H
3 <0.2 to >50 None
4 0.526 - 2.8 0G530
5 0.698 - 2.8 RC695
6 0.395 - 0.508 Interference
Filter
7 0.344 - 0,860 Filter
8 0.300 - 0.410 Filter
9 . ... | . 0.275 - 0.360 Filter
10c (ERB-7) |  <0.2 to»50 None
. Variation of ERB-6 from ERB-7 Solar Channels
10s (ERB-6) 0.243 - 0.312 Interference
' Filter

Notes:

1.

Channels 1 and 2 are redundant. Channel 1 is
normally shuttered and is open pariodically
to adjust value of channel 2.

Channel 10c is a self-calibrating cavity

channel added to Nirbus-7 and replacing the
UV channal on Hinbus-6.

AN Care types of Eppley wire-viound thermo-

piles.

- The uncncumbered FOV for all channels is 10

degrees; the maxirum field is 26 deqgrees for
channels 1 throuah & and ERB-7 10c. The maxi-
mum FOV for ERR-7 channel 9 is 28 deqrees and
for [RB-6 channel 10 is also 20 degrees.
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Figure A-2. Pertinent FOV Definitions for ERB Solar
' and Earth-Flux Channels

RG695, of the World lMeteorological Organization. The filters were protected
against particle radfation by d-pom-thick windows or hemispheres of fysed sil-

“fca. The interference filters verc déposited on Suprasil W (grade I1I1) fused

substrates to minimize degradation. Blocking outside the primary transmission
sands was achicved by interference layers only. No abscrbing glasses were
used. The radiation in the bands A= 0.2 - 0.53, 0.53 - 0.70, and 0.20 - 0.7
pm was obtained from the differential values of channel 4 and 5 data, together
with values obtained from channel 2.

3. SOLAR CHAMNEL MODULE CORSTRUCTION

The output from all the thermopiles was balanced so that the active and refer-
ence detectors produced an equal but opposite signal in response tc a thermal
transient. A large heat sink plus a reference dotector viewing of a _r_e_]atively
constant temperature source peﬁnittod the active detector to accurately re-

“spond to the short-duration solar radiatien.
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A cutaway drawing of channels 1 and 2 is shown in E?gure A-4. The instrument
body and a mounting flange had a large contact area producing good thermal
conduction. At the left was the limiting aperture or aperture stop. The ther-
~mopile element was the field stop. Windows are fecured by bushings that to- .
gether with the wave spring washers and the retaining rings hold the two fused
silica windoss in place. Two thermistors for temperature monitoring were in-
cluded, one in the thermopile body and the other in the module” body. The
flange was the mounting surface for the heat sink. The components to the left
all fit within a hole drilled cut of the heat sink. The blackened areas were
produced by a special inorganic dye anodize applied to the aluminum pleces.

Figure A-4. Cross-Sectional View of Solar Channels 1S and 251

Procceding from 1eft to right in Figure A-4, the front aperture asse~b1y 1s
to reduce so1ar_rad1ation absorption. The second item was the forvard, 2 -~
thick Suprasil ¥ window. Behind it are its mylar gasket for protcction against
vibration damage and the wave spring washer that held it in place. The next
large metal piece was the dual-purpose transition baffle that holds the two
wave spring washers in carefully machined seats. During assembly, the rear
Suprasil W windos was inserted in the main baffle followed by fts mylar and
wave spring washers and then the transition baffie. The other components were
1agically mounted in reverse order with the front aperture asserbly halding
all components in place. A roll pin was inserted at final assemdbly to prevent
rotation of the front aperture.
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A1l interior surfaces of the forward areas of the channels viewed by the de-
tector were black. In normal high-irradiance level £{lter radiometry, it was
desirable to block all unwanted infrared radiation from reaching the detector
from the baffles and other internal parts of the device. This was the reason
that a quartz window was usually placed as close to the thermopile as pracii-
cal. For dircct beam solar measurements using filters, the largest source of
unwanted infrared is usually reduced by the blocker used in conjunction vith
the filter. '

Most materials of this type absorb a portion of the incident solar enerqy and
reemit it as unwanted infrared. This design philosophy accounts for the two
windoss in channels 1S and 25 and for blockers in channels 4S through 10S.

The rear side of the mounting surface of the flange assembly was polished alu-
minum. The radiation shield was a copper can that was gold-plated on all ex-
posed surfaces. The reference receiver protruded into and was cempletely en-
closed by this gold cavity. The shield was mounted by three screws through
thermally greased flanges to the channel body. Also within the radiation
shield but out of direct view of the reference receiver was a *go/no-go"
heater (not shown). This device was used to check thermopile response ddfing
ground testing and prelaunch procedures when light could not be used to
stimulate the channels.

There were twoithcrmistor temperatdre.seﬁsors in each channel, one mouhééd'in
the thermopile body and the other in the instrument body near the thermopile
mounting surface. The differential measurement available from this combination
permitted evaluation of the thermal sinking of the detector and interpretation
of any signal offsets.

Figure A-5 shows the cutaway drawing for channel 3. It is essentially the same
as those of channals 1 and 2 except that there are no fused silica windbﬁs.
This channel was sensitive to all radiation from the UV to at least 50 pm in
the infrared.

Figure A-6 shows the construction of channels 4S and 5S. Yhe forward Suprasil
W wvindow was 4-mm thick. This window thickness was necessary to keep pérticIe
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Figure A-6. Cross-Sectional View of Channels 4S and 551

(Schott glass is middle optical element)

rédiation from recaching the filter window. The filter glass 1s the center disc

., of the three.

Channele 6S, 75, and 8S were constructed the same as 4S and 55 except for the

spectral band of the interference filter. Figure A-7 shows the parts for this
type of channel. The interference filter (left, next to aperture) had two
different-sized substrates. The 4-mm side faced the outside (tosard Sun). An
infrared blocker of Suprasil W was also used as previously described. The
filter was placed near the front aperture rather than being used for the dual
purpose of blocker and filter at the rear. Placement of the filter at the
opening permitted only radistion within the passband to enter the channel.
This prevented excess heating of the interior walls, and, in essence, reduced
the overall heating effects within the channel. Since out-of-band rejection
was primarily by reflection, the umvanted energy was removed more effiéient1y
when the filter was as far forward in the channel as possible.

A-9



b g T

- QRGINAL PAGE 13
. 707 POOR QUALITY

EAX . (-
=0

SECTION A-A

Figure A-7. Cross-Sectional View of Channels 6S, 75, and 851
(Interference filter is front optical element)

Figure A-8 shows the components of the channels 9S and 10S. In this case, the
major porticn of the baffle assemdly disconnects from the relatively smaller
flangz assembly. The active and reference receiver sections

ble. In this type of channel, the infrar
assembly by a

are clearly visi-
od blocker was mounted to the flange
separate vetainer ring. The filter was mounted into the baffle

assembly from the rear using a separate holding assembly. The baff

le and
flange 2

ssemblies were then mounted together and locked with set-screvs.

SECTION AA

Figure A-8. Cross-Sectional View of Channels 95 and 1051
(Interference filter is front optical element)
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4. ERB-7 SOLAR CHANNEL (10c) CONSTRUCTION AND OPERATIONZ®S

The ERB-7 channel 10c design consisted of a thermopile with a cavity radiation
receiver in front of it. This resulted in-a nonsymmetric senscr with a cavity
front face and a flat plate reference face. The cavity was composed df an
inverted cone within a cylinder, the interfor of which was coated with black
paint. : :

Figure A-9 shows the construction of channel 10c. As noted, its interior fis
circular and it has an aperture at A together with baffles located alohg the
interior of the cylinder at B. The inverted black-painted cone at C absorbs
and also reflects some radiation to the surrounding wall.

The radiometer had a 10°FOV that allowed the Sun to fully irradiate the cavity
for about 3 minutes during each orbit. The angular response was a cosine func-
tion. This had been proved during flight by monitoring the off-axis response
relative to the on-axis solar signal. The sensor also did not experience the
off-axis effects that occurred on Himbus & because of an {mproved baffle de-
sign. Although the adherence to cosine response holds over the entire 10°
field, the measuremoents were generally selected for an off-axis angle of -less
than 0.5°.

A precision electrical heater, attached to the cavity assembly, was turned on

. .- about-.once .every .2 .weeks .during calibration sequences while the instrument

"viewed" deep space. The sensor output was sampled once each second when the
experiment was in its operational mode.

To make very high accuracy irradiance measurements, it is necessary to measure
the cavity electrical heating power. In addition, the nonequivalence in sensor
response to radiative and electrical heating must be measured. Thus, it was
necessary to measure channel 10c cavity heater currents and voltage in addi-
tion to the sensor response. This was accomplished in the manner shown in
Figure A-10.

The 10c radiometer has been very stable. The power of the cavity heater has
remained stable to within 0.2 percent of the mean value. The sensitiviﬁy.of
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_the device has remained stable to 0.16 percent of the mean value after correc-
tion for temperature variations. The sensitivity determinations depend on
these quantities during the inéflight calibrations. The three peftinent réﬁd-
ings are heater current, heater voltage, and the thermopile signal. However,
during solar measurement, the thermopile signal is the only sensed value.

The noise equivalent irradiance is estimated to be 0.024 Hm'z. vhich is well
helow the resolution capabilities of the Nimbus ERB data system. One digital
count of signal is equivalent to 0.77 wm'z. Performance is limited by the
analog-to-digital converter to £0.5 count. Thus, the uncertainty due to this
limitation is about %0.04 percent of the signal during the solar measurement.
During calibration, the same limitation applies to the current and voltage
readings, yielding uncertainties of 0.025 percent of their full-scale values.

5. ERB SOLAR CHANNEL ASSEMBLY AND OPERATION

The ten solar channels (1 through 10) view forward of the spacecraft in its
X-Y plane. They were mounted in a solar channel assembly housing that rotated
parallel to the spacecraft Z-axis. It was possible to turn the assembly by
cormand so that its optical axes could be oriented as much as 20 degrees to
efther side of the spacecraft velocity vector axis permitting optimum solar
data acquisition.

..The. ERB channel madule consisted of .a.detector and preamplifier electromics

péckagé placed aé close as possible to the detector, thus minimizing tﬁe

lTength of electrical connections between the two units. The preamplifier was

the most important component in handling small signals of the type produced by

a thermopile. Short electrical lead lengths produced by close coupling reduced

the possibility that thermals and other effects would produce data offsets.

The method of mating the electronics can to the channel also reduced the of-

fects of radio frequency interference (RFI) and other eiectromagnetic inter-
ference (EMI).

To provide space reference reading and permit electronic testing, the averagqe
counts for three major frames 13 minutes before and after solar acquisition
were used. ERB-6 and -7 solar data analysis has indicated that fairly consténé'
values exist in the data during these periods. Usable solar data were acquired
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only during about a 3-minute period in each orbit when the spaceéraft was over

- the Antarctic region.

5.1 SOLAR DOOR ASSEMBLY

The solar channels required a sun shield to shield the housing from thé Sun's
radiation. If a shield were not used, the housing would receive a substantial
pulse of energy from the Sun causing its temperature to rise. This rise would
then influence the temperature of the thermopiles that were thermally sunk in -
the housing. This would in turn result 4n an erroneous change in the thermo-
pile's outputs. To avoid this, solar shielding was mandatony.

To protect the solar channels, the solar door assembly covered all the chan-
nels simultaneously. The device was designed principally for use in anticon-
tamination protection and was not considered a radiometric shutter. The door
was closed during all testing not involving the solar channels, all periods of
transit and storage, and during prelaunch operations. The door remained closed
duriny the launch sequence and for the first weeks in orbit. This provided
solar optical protection during maximum spacecraft "outgassing." After this
safety period, the door remained open most of the time. '
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APPENDIX 8
FIXED EARTH-FLUX (WFOV) CHANNELS

1. CONSTRUCTION

Thore were four fixed earth-flux channels numbered 11E through 14E. Channels
11E and 12E were duplicates in the same scnse as channels 1S and 25, one being
used only occastonally to check the constancy of the other. The field-of-view
characteristics of all these channels were chosen to view the entire Earth's
surface visible from the Ninbus orbit within their unencumbered FOV. An al-
lowance was made for a small angular misalignment with regard to the nadir. In
addition, channel 12€ had a selectable smaller field, consisting of an insert-
able stop that permitted viewing of slightly less than the entire Earth's
surface. Channels 11E and 12E were total radiation channels, with no filters
or windows, permitting the measurement of absolute irradiance over the band
from A= 0.2 to S0 pm. The basic channel subassemdbly is shown in Figure B-l.
The earthward-facing surfaces of these channels were highly polished vacuum-
_deposited aluminum. The channels all used type N3 thermopiles with circular
receivers. They were fabricated from aluminized Kapton on which a circle of
cured Chemglaze Z-306 paint had been applied and then overcoated with 3M-type
401-C10 black velvet optical paint. '

. F1gure 8-2 ohows channel 13E. hhich was the short-wave fixed earth-flux chan-

ne1. As hown in Figure B 3, it was equipped with two hemispheres of Suprasil
W (grade IIl) fused silica, The spectral band matched those of channels 1S and
2S. The difference in radiation, measured by channel 12E with full field and
13€, was considered to be the long-wave terrestrial component (i.e., 3.8 to
»50 um).

Figure B-4 is a drawing of channel 14E, which has a broadband (RG695 gla s)
filter hemisphere to match the band of channel 5S. The use of RG695, at a
separator of the short-wave irradiance about its cutoff wavelength of approxi-
mately 0.7 pum, has been common practice in albedo measurcments. After proper
correction for channel 13E and 14E measured irradiance values, the irradiance
in the band A= 0.20 to 0.7 um was determined. Thus, the primarily scattering
and absorhing vegions of the short-wave reflected radiation would be indcbbhd-
ently assessed. The RG695 (partial) hemisphere of channel 4L was between. two

B-1
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Figure B-1. Cross-Sectional View of Channels 11E and
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Figure B-2. Cross-Sactional View of Channel 13E
(short-vavelength earth-flux channel)1
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Suprasil W fused silica hemispheres. The outer one was thick enough to attenu-
ate particle radiation that might damage the glass. The inner dome was an
Anfrared radiation blocking filter. '

2. CHARACTERISTICS

The fixed earth-flux channels were used, in conjunction with the scanning

channels, in such a menner that the integral solid angle of the measured radi-
ance values of the scanning channels could be compared with the radiation
derived from the fixed-channel data. This permitted stability and degradation
checks as well as provided the opportunity to achieve the ERB scientific ob-
jective of simultaneous measurement of qlobal and synoptic features. It also
facilitated the introduction of correction factors. '

Table B-1 1ists pertinent characteristics of the fixed earth-flux channels.

Table B-1
Characteristics of ERB Fixed Wide-Angle FOV Channels
Channel Havelength Limits Filter Irradiance Range
(pm) . Anticipated (Vm=2) |
11 <0.2 to>50 None -200 to +600
12 <0.2 to>50 None -200 to +600
.13 o[- 0.2-t03.8 - .| -2 Suprasit M 0 to 450 . -
: Hemispheres .
14 0.695 to 2.8 RG695 0 to 250
Hemispheres
Between 2
Suprasil W
Hemispheres

Notes: 1. Channels 11 and 12 are redundant channels. Channel 11
has black-painted baffles and is used for in-flight

calibration of Channel 12. Channel 12 has polished
aluminum baffles similar to those on Nimbus 6.

2. A1l channels have type H3 thermopile sensors.

3. A1l channels have an unencumbered FOV of 121 degrees and
a maximum FOV of 133.3 degrees. Channel 12 has an addi-
tional FOV selection of 89.4 degrees unencumbered, 112.4 °--
degrees maximum. ' e

4. Output of these channels is a 3.8-seccond integral of the
instantaneous readings. ’
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APPENDIX €
SCANNING CHANNELS

1. SCANNING CHANHEL HISTORY!

A subsidiary of the Hughes Aircraft Company, Santa Barbara Research Center,

performed the preliminary ERB scanning channel study and conceptual desian
work.* Scan pattern requirements and Nimbus orbit characteristic studies
resulted in the unique ERB telescope design and scan patterns described in
this section. This unique design developed by Gulton shared one telescope

- between the long- and short-wavelergth sensor systems. Their use of all-

reflective optics made the short-wave channel polarization insensitive.

2. PYROELECTRIC HARDHWARE DETAIL52

The design of the ERB pyroeléctric sensor system was based on the kT-440
commercial detectors made by Laser Preciston, Inc. Since space-qualified ma-
terials werc used, a number of modifications were necessary. Table C-1 gives

" the basic advantages and’ disadvantages of this type of detector.

The overall design of these detectors is shown in Figure C-1. The pyroelectric
crystal after being cut and polished was electroded with a vacuum-deposiied
nickel layer. After appropriate layer bordering, aluminum was deposited on the

. “pear electrodes This: aluminum surface determined the active areca and was accu-

rately centered relative to the crystal substrate. Lead/electrode bonding and

"assembly in the can support system ccmpleted the unit.

3. TELESCOPE CONSTRUCTION*3

Four telescopes similar in cross section to- that shown in Figure 6 were
aligned so that a 12° angle separated their center lines when projected onte
the horizental plane. The instantaneous FOV of each telescope was field stop

*This design required 8 telescopes (4 lorg wave and 4 short wave) and crystal
depolarizers.
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limited to 0.25°by 5.12°. As indicated in Figure C-i, the telescopes each con-
tained off-axis mirror objectives. A ‘¢common rotating radiation chopper inter-
rupted the focused beams just bufore it entered the field stops. Separation of
the beam into short- and long-wavelength components was accomplished by a

- time-sharing beam splitter and the radiation chopper. Each telescope consisted.

of a field stop, spectral filter, cross-axis tilted relay mirror, aperture
stop, detector, and preamplifier. HWith the off-axis mirror objective‘ and
cross-axis tilted relay mirror tilted equally with reépect to the optical
axis, the effects of reflection-produced radiation polarization were mini-
mized. The detector was a pyroelectric element. The detected radiation was
intentionally defocused to provide a uniform field response.

Different filter elements given in Table C-2 distinguised the long- and short-
wave capsule characteristics. The short-wave filters consisted of a disc of
Supersil-y quartz,.wpereas the long-wave filters used diamond substrates with
d{electﬁic coatings. fﬁe long-wave coatings were designed to block the enarqy
in the region of the spectrum belew 4.5 microns. Since the diamond substrate
passed IR wavelengths out to about 50 microns, an overall 4.5- to 50-micron
filter resulted.

A "“Table C-2 -
Characteristics of ERB Scanning Channels
Channel | Wavelength Limits Filter FOv
(zm) (degrees)
15-18 0.2 to 4.8 Suprasil W | 0,25 x 5.12
19-22 4.5 to 50 Deposited 0.25 x 5.12
: layers on
diamond
substrate

A wide range of spectral response was obtained by coating the detectors with a
black 3M paint. The detector elements consisted of pyroelectric cryﬁfals
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sliced normal to their polarization axis. Electrodes were deposited on each
side; then the front was sprayed with a very thin layer of 3M4Gl black paint.

At the detector, the beam had a cross-sectional dimension of about 0.5 mm by
3.0 mm. Areas of the detector crystal more than 0.1 mm beyond the peam envel-
ope were not blackened. This helped reduce the off-field sensitivity.

‘The four telescopes had different pointing directions that were obtained by

aligning the telescope at apprdpriate angles with respect to the scan head
base plate. Fine adjustment of the FOV was obtained by a movable field stop
near the primary focus of the telescope. The telescopes were of the
Herschelian (offset parabola) type with specular black baffles along the bar-
rel for stray T1ight control. The beam bundle exited the telescope at an angle
of 23°relative to the incoming beam centerline. After the beam bundle emerged
from the side of the .telescope, it passed through the chopping plane at an
angle of about 20° from a normal through the plane. When the chopping port was
blocked, this short -wave re]ay capsule saw the black-painted surface of the
chopper blade.

The other side of the chopper blade had a gold mirror finish that efficiently
reflected the long-wave enerqy to the long-wave relay capsule. This occurred
while the short-wave capsule was blocked. The foregoing two capsules were then

'symmetr1ca11y d1sposed about “the chopping plane, alternately making use of the

incoming telescope beam on a 50-percent duty-cycle basis. Excellent mirror
finish was obta1ned by depos1t1ng gold on a polished quartz blank chopper
wheel.,

While the long-wave capsule was not viewing the external scene, it viewed a
small gold-plated mirror with an optical surface designed so that the.capsule
sees itself (i. e;, the sensor viewed the area of the field stop portion of the
relay capsule that was painted with 3M401 black and served as a blackbody
reference for the long-wave channels). A platinum resistance sensor was used
to determine the temperature of this reference blackbody.
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chopping operation.

The chopper had eight blades with the telescopes arranged about it so that the
four telescope-produced beams were cut simultaneously. A single chopper vheel
position p{ckup was adequate in the subsequent demodulation required for all
eight signals. Fur the four long-wave channels, the position pickup signal was
phase inverted to provide a proper output signal polarity. Chopping the opti-
cal signal resulted in a double sideband suppressed carrier system. Because of
the more or less square-wave chopping, the carrier or carriers occurred at the
fundamental and odd harmonics of the chopping frequency. The signal channel
then had a sensitivity to noise in a band about the above carriers. A form of
noise that had to be dealt with was the response of the detectors themseTves
to scanning channel accelerations. The final chopping frequency was set at
166-2/3 Hz after a spectral analysis of the scan head accelerations over all
scan modes was made. A minimum in the acceleration response was found near the
above frequency and at the first few odd harmonics.

4. DETECTOR ArpLIFIERs!?Z:3

The pyroelectric detectors operate on the principle that a temparature change
causes an electrical charge to be displaced. The resultant current was almost
proportional to the temperature rate of change if the resultant current was
allowed to charge the capacitance of the detector itself and the amplifier
input. A triangular voltage waveform resulted from the square-wave optical

Design of the detecéor eTémenis waé’a'édmbfomise between speed of reébqnse,
sensitivity, and ruggedness. The mass of the crystal relative to the layer of
black paint had also to be balanced so that the crystal was in fact heated by
the absorbed energy. A relatively massive layer of hlack would result in a
very small response from the crystal. By the same token, the crystal was
mounted so that it is thermally isolated from a surrounding structure; other-
wise, the crystal would change temperature.

‘The full-scale signal of the detector output was approximately 50 gV “because

the preamplifier was located as close as possible to the detector. The pream-
plifier was located on the respective delay capsules and covered by a shield.
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In the scan head a few inches away from the preamplifier sensor, a gain stage
amplified the signal to a level sufficient to be transmitted over the flexible
cable going to the scan head. Each channel had individual signal and ground
lines in this cable. -

A differential line receiver-amplifier located i~ the central electronics
produced the final gain in the channel gain string. Following this, a full-
wave synchronous demodulator removed the chopping-induced carrier in the man-
ner shown in Figure C-2. A pair of alternately operating integrators inte-
grated the signal for 0.4 second, followed by a hold period while the outputs
were digitized. Dual integrators vere required because the data format did not
permit insertion of the data from eight scanning channels in the 0.1 second
between scenes. '

In contrast to the solar and earth-flux channels, the scan channel demodulator
did not use a window. The differencq here was that optical chopping did not
induce spikes at the crossover points as did electronic chopping.

The Phase Reference Pickup (PRP) was particularly ihportant for proper scan-
ning channel performance. To provide the best possible signal-to-noise per-
formance, the PRP required calibrated adjustment. This adjustment took' the
form of maximizing the channel output signal for a constant scene situation.
Because of the different viewing or pointing angles of the telescopes, the

beam bund1es did not have exact]y the same centroid location relative to the
'chopp1ng blade edgns. The resultant comprom1se Was an adJustmewt about 1.per-

cent away from the maximum point of several channels,

The PRP- signal itself was generated by a LED 1ight source and a phototransis-
tor pair. They were mounted so that the chopper blades passed betweer them and
interrupted the LED beam on a 50-percent duty-cycle basis. Two independent
sets of light source/detectors were available; a ground command was used to
select either PRP 1 or PRP 2. ’
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5. SCAN ARTICULATIONZ*®

As indicated in Figure C-3, the scan head was in a gimbhal mounted on the main
frame of the radiometer unit. The spools of multiple lead wire betweén the
yoke and the main frame carried the sensor power and the sensor stgnals. The
gimbal arrangement providing the peinting direction of the scan head was spec-

~ ified by two angles, xvand 8. The angle @, in the vertical plane, was measured

between the Z-axis (= 0°) direction and the outside edge of the FOV, whereas
the angle 8, in the horizontal plane, was measured between the +X axis (8¢ 0°)
of the spacecraft (direction of travel) and the center of the FOV. The verti-
cal motion was accomplished with a stepper drive motor that rectated the scan
head in steps of 0.25°. The gimbal rotation was driven by a stepper motor that
rotated the gimbal in steps of 0.5°. Fiqure C-4 shows the location of the

scanner in relation to the WFOV channels.

The FOV's of the four scanning-channel telescopes were rectangular, 0.25°by
5.12°. and were arranged so that with a= 58.6°, tha2 upper corners of the
FOV's lay along the Farth's horizon. The narrew angle (0.25°) side of the FOV
was in the direciioﬁiéf.vertical (a) motion. The FOV's of the long-wavelength
channels 19 through 22 were coincident, respectively, with those of the short-
wavelength channels 15 through 18, Thus, an arc seqment having a radius equiv-
alent to the Earth's horizon when viewed from the spacecrait passed through

_the long dimension pf.pﬁg”fje]d._Thq primary scan sweep was along the 0.25°
" “direction. By indexing the scan head 5.12° between the up and down sweeps,

total coverage was obtained over the area scanned.

The scan pattern gencrator had four basic duties: the pattern determination,
beta position initialization, and incremental alpha and beta motion logic.
Each selected pattern contained a sequence of long-, short-, and long-grid
motion. This sequence was repeated once for each of the four basic pattorns.
The fifth pattern was a compound pattern, the performance of the third fol-
Towed by the fourth pattern. Long-arid motion caused the scan sensor qroup to
sweep to the local Earth's horizon and beyond, then return in a symmetrica)l
fashion about the Space-viewing position. Short-qrid motion caused the scan



Figure C-3.
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senscor group to sweep to a nadir._ angle of 55 degrees and then symmetrically -
return.

6. SCAN PATTERN DETERMINATION

The pattern of incremental scan motion was determined by the number of scan
advance commands received by a recycling module five counter. Iﬁ routine five
was selected, the pattern determinator called for efther paftern three or
four, depending on whether motion was occurring durihg the first or second
seven major frames of the pattern. If a SCAN OFF was issued during the routine

" four portion of routine five and the pattern counter was not advanced, upon

receipt of a subsequent SCAN ON command, the pattern generator called forth
pattern four, not pattern three, with the remainina three/four alternations
being reverscd.

Additional details regarding the telescope scanning characterisites can be
found in Reference° 1 and 3 or in the Nirdbus 6 or 7 User's Guide.
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APPENDIX D
MATERIALS SELECTION AND TESTING

1. FABRICATION MATERIALS:

In Phese 1 of the initial ERB-6 program, all materials to be used in the solar
and earth-flux channels were screened, researched, and tested to ensure the
Tong-term stability of the instrumentation in orbit. Many of the tests were

- performed by the Materials Research and Development Branch (MRDB) of NASA/

GSFC. Vacuum characteristics of paints, adhesives, lacquers, sealants, and
primers were considered. Two of the major results were that Eppley-Parson's -
black usually could not be used. The MRDB scientists recommended a curing
procedure for the special varnish that allowad its continued use in sea1ing
the thermopiles. A number of oven bakecout, curing, and vacuum bakeout apera-
tions were used in the manufacturing process. Thus, all of sensor surfaces
were blackened using 3M-401C10 velvet black paint. The required bakeout opera-
tipns were used in the manufacturing process. The required bakebut procedures
were performed in a vacuum of 10'6 torr. Although better blacks for cosine
response and high absorptivity, such as Parson's black and some qold Slahks.
were available, they did not meet space-use criteria.

Therma] surfaces of the channe] modu]os and the 1nterfaces to the experament
'frame mere coated with Emerson and Cunnings -type TC-4 grease to ensure. good

thermal contact under vacuum conditions.

The black coating of the interior channel walls and baffles presented a prob-
Tem because of the difficulty in applying the paints to the small reflection-
reducing grooves. A black-anodizing process usihg inorganic dyes was investi-
gated and used. Normal black anodizing was not acceptable because of its opti-
cal characteristics and vacuum environment considerations.

The coating of the solar-facing surfaces had to be one with a low solar ab-
sorbance. Polished aluminum surfaces were tested, but it appeared that highly
machined surfaces were satisfactory for the small cross-sectional areas: pre-
sented by the outer rings of these channels.
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2. OPTICAL MATERIALS

The optical materials had to withstand the Nimbus orbit environment for a long
period of time (at Teast 1 year) without suffering changes in their transmis-
sfon properties. These materials were exposed to solar ultraviolet as well as
‘to particle radiation. The primary optical materia) used in the channels was
fused silica., A program was conducted in the design study phase to determine
the best possible fused silica for use in the experiment. After a literature
and material availability data search, it appeared that Corhing type 7940,*
Dynasil 1000,T and Suprasil w* fused silicas were the best materials for win-
" dows and interference filter substrates. Of these, Suprasil W appeared best in
withstanding the particle radiation environment; further, it exhibited the
best transmission characteristics in the near infrared since the typical 2,7-
#m OH absorption band was not present. Obtaining Suprasil W, of the highest
quality, was a problem at that time because the manufacturer had discontinued
the process, apparently as a result of a lack of a market. However, it was
_agreed that they would produce sufficient stock for t'e ERB experiment.

All the foregqing fused silicas, plus Infrasil,* were tested for damage céused
by the anticipated particle and UV radiation levels of the Mimbus orbit. Radi-
ation levels were chosen based on the Nimbus orbit parameters. Particle flu-
eqcas‘pqq‘energies.fqr both-.electrons, and. protons were supplied by the Thﬁéf

.fetical.Studies Branch of NASA/GSFC. Samples were exposed in vacuum, and'it
was found that for the projected l-year Nimbus 1{fe period, no significant
changes occurred in the tranémittance of the fused silicas due to particle
radiation. It was also determined that the fused silicas in sufficient thick-
ness would be used to prevent particle radiation induced damage to the Schott
colored glasses and to the multilayer materials of the interference filtgrg.
Therefore, no transmittance changes were expected in the case of the ERB opti-
cal elements. .

“Corning Glass Corporation
Registered trade name of Dynasil Corporation of America
1E“'ic'mufactured by Eng]chard-Hcreaus-Schott. Hanau, West Germany
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The results of UV exposure testing, in vacuum, presented ancther problem since
all the fused silicas showed some changes as a result of exposure to simulated
solar radiation. Suprasil W exhibited the least effect, followed by Corning
7940 and then Dynasil 1000 and Infrasil Il. It appeared that the original
choice of Suprasil W was appropriate. Consideration has been given to “pre-
aging" the substrates before use for the final filters, because the decrease
in transmittance with time leveled off after about 1200 equivalent UV solar
hours.

The Schott glasses showed no degradation due to UV radiation. Two of the pre-
prototype interference filters exhibited transmittance depletion because of UV
exposure, which appeared to be in excess of that caused by the substrate ma-
terial, Dynasil 1000. It is not certain what caused the degradation since
other filters of similar construction did not show any effect.

3. INTERFERERCE FILTERS

The most desirable-transmittance curve for filter radiometric applications is
a sharp cut-on, flat top, and sharp cut-off (i.e., ideally a square wave).
This is seldom realizable for deposited interference filters. Filte}s must
reject radiation outside the main transmission band to the extent that the
total irradiancé at the thermopile receiver, because of out-of-band
tfahsmifiédnéhéfgy”ovéﬁ-the'éntire solar spectrum, is less than one half-of 1
percent. o )

Since the ideal shape cannot be realized, filter factors (reciprocal of the
effective transmittance) must be such that for all possible extraterrectrial
solar spectral distributions over the pertinent filter bands, they should not
differ by more than a fraction of 1 percent. For example, in the A= 0.250-
0.300-pm oxtraterrestrial band, where considerable measurement differences
between various investigators exist, the varfation in filter factor for the
ERB-6 channel 10S filter must be nearly the same for the two most different
solar curves. Since the curva shape rather than the absolute spectral irradi-
ance is the critical-consideration here, the two curves that differ most in
this manner are the most important.. R
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APPENDIX E
TEST AND CALIBRATION PROGRAMS1

The high precis1on and accuracy requirements of the experiment demanded that a
comprehensive test and calibration program be performed on components. fin-
ished modules and the overall ERB sensor system.

1. COMPONENT TESTING

The test program began with the receipt of raw materials. Optical nateria]s_
were tested for transmittance over.the pertinent spectral bands, optical qual-
ity, and proper size before being used for fabrication of windows, filter
substrates, or hemispheres. Thermopiles were tested a number of times during
manufacture to ensure that the resistance of the wire and the isolation from
the body were correct for each step in the manufacturing process. Glass and
fused silica windows were tested for the variation of transmittance with angle
of incidence over the range of the FOV of the appropriate channel, The effect
of temperature.on. the short-wave cut-on of the colored glass was measured over
the range of 0°to +50°C. These latter tests were performed to obtain correc-
tion information for use during both the calibration and the actual experiment
data evaluation programs. o ' '

,_Tests on interference fl]ters inc1uded normal and off-axis transmittance mea-

surements and changes with temperature. In addition, tests for secondary
transmittance were performed in an operational as well as in a spectrophoto-
metric manner. In the former instance, the integral transmittance of the
filter, as irradiated by a solar simulator beam, was monitored by a pyrhelio-
meter, selective sharp cut-on glass windows being used to shutter the primary
transmission region while allowing at least 90 percent of the energy in the
suspected secondary transmission region to reach the filter. The uniﬁqrmity of
transmittance over the free aperture region of the filter area was also moni-
tored using small masks.

Tests on completed tnermopiles included the evaluation of (1) vacuum-air ratio
of" respons1v1ty,'(2) 1inearity over the dynamic range of response; (3) time-
constants of the active and reference receivers; (4) temperature dependence of
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' responsivity over the operational temperature ranges in aif‘and vacuum, and
(5) preliminary air responsivity (determined as the last step in test proce-
dure after the thermopile has been mated with the appropriate module body).
Here, "air" refers to an atmospheric pressure, and "vacuum" refers to 2 pres-
sure of 10"6 torr or less. Table E-1 indicates the thermopile characteristics
in air and a vacuum. ’ '

Table E-1
ERB Thermopile Characteristics

A | Characteristic* - Type
N3 K2

Irradiance Responsivity
or Sensitivity
(mv/md cm=2)

éa; In Air - 0.098 0.750
b In Vacuum _ 0.127 1.310

Vacuum/Air Ratio
(Unitless) 1.300 1.750

Time Constant

| §a) Air (sec) ~1.000 '3.000 |
1{b) .Vacuum. (sec) C e+ 1,200 4.000
Resistance (Q) 820.000 5000.000
Inductance (mH) © 3.500 30.000
Capacitancér
) (a) Across contacts (uF) : 1.500 0.200
(b) To body (pF) 330.000 <10.000

*All characteristics vary somewhat from unit to unit; values
here are averages.

D

Thote change of units between (a) and (b).
A set of Angstrom electrical compensation pyrheliometers calibrated agdinst

the international reference, in Davos, Switzerland, was used as standards for
the total short-wave and broad-bandpass channels. Normal incidence
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(thermopile-type) pyrhe11oneters that had been calibrated against the Epp]ey

standards and that were fitted with matching filtersewere used for ca11brat1ng

the interference . filters. Obviously, the two channels having the shortest
wavelength bands could not be intercompared in natural sunlight at the Earth's
surface and.therefore were calibrated with simulated solar radiation.

With all solar channel calibrations in natural sunlight, corrections were made
for the effects of atmospheric turbidity (16) and FOV differences (17) to
account for the different amounts of the circumsolar sky radiation accepted hy
the - reference and test detectors. Corrections for the variation of filter

factor with respe~t *- *he various terrestrial and simulated solar curveS'were-'

~ made.

" The RSY transfer calibration method was based on (1} no short-wave source

being considered sufficiently stable to serve as a primary transfer device "as
pertains .to the ERB performance specifications and required calibration accu-
racies,“ (2) a thermop11e element being regarded as the most reliable and
stab1e operat1ona1 radiation detector available for use in transfer calibra-
tions of the type required for the ERB radiometer, and (3) the geocmetry of
“transfer calibrations being easily maintained vhen both instruments 1nvo]ved
in the transfer were of similar construction.

" 1.1 EARTH-FLUX CHARRELS ™

Calibrations of chanrels 11E and 12E were of two types: long-wave and short-
wave. The long-wave (IR) calibrations were performed using a special blackbody
source. The short-wave calibrations of the earth-flux channels of the RSM
instrumcnts were performed in the integrating hemisphere for diffuse radiation
and at the observatory by use of direct solar beam occulting. For channels 11E
and 12E, special Suprasil W partial hemispheres were used during short-wave
calibrations. V ' - ' .

Channels 13E and 14E were calibrated in the same manner as the foregoing
short-wave calibrations, with the exception that RG695 matching glass was uscd
on both the pyrheliometer and pyranometer standards of calibration of ‘14E.
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1.2 STIMULT EQUIPMENT

There are two basié types of stimuli equipment. for the earth-flux channels.
The first is the Total Earth-flux Channel Blackbody (TECB). It was a double-
cavity blackbody unit designed for calibrating both channels 11E and 12E_after

.they were mounted to the ERB package. It operated over the range 180 to 390 K

with - an apparent emissivity under test conditions, in vacuum of 0.995 or
greater. Its design was based on the use of the surfaces of the channel being
calibrated as an integral part of the blackbody. The FOV's of both channels
were filled during this calibration. Temperatures were measured to 0.1°C and
controlled to that accuracy in the ERB-6.

The Short-wave Earth-flux Channel Comparator (SECC) was used for intercom-
paring channels 13t and 14E of a flight instrument with the matching channels
of the RSM. It consisted of a four-aperture light box. assembly with a single
quartz halogen-lamp source having a tungsten filament. The primary light beam
vias directed tp each.oflphg four channels by a rotating mirror assembly.

The primary piece of st1mu11 equipmant for intercomparing the RSM and f11ght
instrument solar channels was the solar simulator that had a Xenon arc as a
source. Solar spectral match was provided by filters. A spectral matching

4f11ter used for channe]s IS through 83 was removed for the 1ntercompar1sons of_
" channels"9S and 105, 7

2. THERMAL ANALYSIS

Based on an early estimate of thermal transients during the on-sun-measuring
periods, the necessity of obtaining the best possible balance between active
and reference junction thermal time constants was established. Once balanced
as a unit, the thermopile transient offset signals were those caused by selet-
tive heating or cooling within its view (not the channel FOV). To prevent cuch
radiational thermal offset effects, the rcar of the thermopile was encased,
without contact, in a copper-base, gold-plated shield device to ensure that
the rcference receiver did not produce a signal because of a transient radia-.
tionai surrounding. ) e
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The situation for the active receiver was somewhat more difficult to control
~ because no -such shie]ding_cou]d be used withoutAjeopardizing the mission. -

Thus, both the conductive and radiation transients were reduced by careful
énalysis and testing. The channels in which the greatest possibility of tran-
sient offset was possible were 95 and 10S due to radiational effects .and
channels 65, 7S, and 8S because of conductive transients. '
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