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CHAPTER I

SUMMARY

1.0 INTRODUCTION

The two principal objectives of this report are (1) to
describe the NMSU/PSL Radiometer Antenna Calibration Facility
(RACF) and (2) to summarize the antenna and radome loss measure-
ments made on the Passive Microwave Imaging System (PMIS) and
the Multifrequency Microwave Radiometer (MFMR) during January
and February of 1975, This chapter summarizes the major
features of the facility, points out highlights of the PMIS/MFMR
loss measurements, and makes several recommendations for future
measurements,

1.1 NMSU/PSIL Radiomeier Antenna Calibration Facility

The physical facility used at PSL for the loss calibration of
antennas and radomes consists of a large reflecting bucket and
an electronic equipment building, both located at A-Mountain,
approximately 5 km east of the New Mexico State University. The
bucket is at an altitude of 1.46 km above MSL and is an aluminum
foil covered wooden truncated inverted pyramid with dimensions as

. shown in Pig. 2-7. The purpose of the bucket is to block thermal

emission from surrounding terrain and from near-horizon atmospheric
sources. Thus, the thermal emission incident on the antenna is
ideally isothermal and egual to the zenith sky temperature at

the freguency of interest.

In addition to the physical plant, an extensive data
reduction program has been written for PMIS and MFMR, with
separate software components tailored to the PCM output format
used in the NASA P-3A earth resources aircraft. This is discus-
sed further in Chapter III and the Appendix. '
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The bucket is similar to an enclosure at Table Mountain,
California used previously by NASA. However, the timely
availability of PSL support personnel and a real-time data
reduction capability make the RACF more useful as a radiometer

test bed.

1.2 Highlights of Test Results

It is shown conclusively in Chapter VIi. that the bucket
technique provides sufficient accuracy and repeatability for
the loss values to be used in an aircraft radiometric measurement
mission when the radiometer aircraft mockup exhibits sufficient
fidelity to the actual aircraft sitwation. An extensive error
analysis for PMIS and MFMR (Secs. 5.5 and 6.7) establishes the
following:

1. For PMIS (10.69 GHz) the total uncertainty (sum of
random plus systematic errors) in the antenna loss is + 0.022
and + 0.039 for the vertical and horizontal channels respectively.
The total uncertainty in the radome loss is + 0.014 and + 0.039
for the vertical and horizontal channels. This would correspond
to a total uncertainty in the measured brightness temperature

(in flight) of + 5.2 K and + 5.7 K for the vertical and horizontal
channels respectively.

2. For MFMR, L-Band (1.4135 GHz), the bulkhead and associated
absorber were not sufficiently good replicas of the actual aircraft
situation, with the result that the mutual coupling between the
AIlL. array and the radome was so strong that the measured values
of the radome loss were virtually meaningless. However, as
explained in Sec. 6.6, a constant value of Lp = 1.09 is a reasonable
choice. The antenna loss values were typically Ly = 1.36 (es-
sentially independent of pitch angle) when the PSL-furnished

X-Band absorber was in place on the bulkhead. However, this
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material is virtually transpafent at L-Band and thus does not
simulate the actual aircraft situation where an L-Band absorbing
material is used. Thus, in the flight situation, it may be
expected that Ly > 1.36 for pitch angles near 0° or 180°, since
the relatively hot absorber will contribute noise power through
the antenna sidelobes. In the absence of accurate near-field
in situ patterns for the AIL array, it is difficult to see how
the effect of the absorber can be estimated, short of new
improved measurements.

3. For MFMR, Ku’ K, Ka—Bands (18,0, 22.05 and 37.0 GHz),

the antenna loss is less than the radome loss and both losses
deperd much more on the pitch and roll angles than was the case

at L-Band. The antenna loss is slightly higher in Channel 1

than in Channel 2 and generally rises as the pitch angle approaches
180° when the horns are nearest the bulkhead (c.f. Figs. 6-2, 6-3,
and 6-4)., However, as explained in Sec. 6.5), the exact values

of Ly and the slope dLA/de0 depend critically on the fidelity of
the mockup used, the exact shape of the absorber used on the

bulkhead, etc.

The radome loss at Ku, K, and Ka-Bands also depends critically
on both pitch and roll angles, as shown in Figs. 6-5 - 6-10. The
jagged nature of these loss graphs is not due to errors in the
measurement (the repeatability was much better than this), but
seems to stem from resonént‘scattering between the horns and
radome material or radome resonant thickness effects (especially
at Ka-Band).

Thus, it may be stated that the precision of measurement was
good, but the accuracy was poor, since the antenna system furnished
was an insufficiently good replica of the antenna sy'stem used.

The MFMR error budget is discussed at considerable length in
Sec. 6.7.
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1.3 Recommendations

As a result of the measurement program, several major
recommendations can be made:

1. Future tests of the MFMR should be made with a much
better replica of the aircraft bulkhead, including the same
absorber that would be used in flight operations, along with any
other significant structural features such as weather radars, etc.

2. Measureménts of the input vs. pitch angle at L, Ku, E,
and Ka*Bands should be made, with and without the radome.

3. A study of the MFMR pitch and roll positioning repeat—
ability should be made.

4, TIf the Ku’ K, and Ka~Band cpannels are to be used for
skyward viewing, the horans should be located at a roll angle of
180°, rather than 0°. This would obviate the critical dependence
on the exact bulkhead geometry.

5. Greater attention should be paid to reducing PCM noise
and long-term instability in the PMIS receivers, particularly the
horizontal channel.
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CHAPTER 11

ANTENNA LOSS MEASUREMENT TECHNIQUES

2.0 INTRODUCTION

The temperature calibration of a radiometer system normally
proceeds in two parts: (1) the calibration of the connecting
waveguide, front end, etc., by use of known reference load tempera-
tures, and {2) the calibration of the antenna and radome loss. The
purpose of the NMSU/PSL Radiometer Antenna Calibration Facility
is to meacure the antenna and radome loss by using a calibrated

radiometer receiver and a known source brightness temperature.

This facility differs by comparison to many other past cali-
bration efforts, in that relatively large aircraft and satellite-
borne radiometer systems, including automatic positioners and
radomes, may be accommodated. Also, the bucket technique
employed is easily adaptable to multi-freguency use since radio-
sonde support is locally available on a timely and convenient
basis. The genesis of this effort was the requirement to
periodically calibrate the NASA JSC Passive Microwave Imaging
System (PMIS) at 10.69 GHz and the Multifrequency Microwave
Radiometer (MFMR) at 1.4, 18, 22.05, and 37 GHz. These systems
are complicated by a variety of requirements for beam scanning,
polarization switching, multiplexed data handling and subseguent
data reduction.

In response to the need for near real-time data reduction,
PSL has developed an extensive set of software packages to
handle the PCM encoded radiometer and housekeeping data, both for
PMIS and MFMR. These make use of a PCM decommutation device and
an IBM System 7 computer which transfers the stripped data from
the magnetic¢ tape to an IBM System 370 Computer for processing.
This will be described in more detail in Chapter 3.




2+1 ﬁEfinitiOns

The antenna loss of a receiving antenna is defined as

- P
Ly =_§E§BE» (2-1)
del
where'
5' ] Pcapt = powar incident on and captured by antenna
ﬂ! Piey = power delivered to load

Since the received or captured power includes both incidence and

;

re-radiation effects, it follows that

| e

P

capt = Pdel +'PJ (2-2)
}
E where
E PJ = power lost as Joule heating
f Thus
Lad
P
. Ly =1+ 5 (2-3)
I del
so that 1 < L, < =. (2-4)

A

A radome inserted between an antenna and an incident field will
introduce an insertion loss

P .
LR = 5 (2=5)

ool Lo

=1
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where
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P

a = power received before radome insertion
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Py = power received after radome insertion

It is observed that PB > PA if the radome does not interact with

+he near-field distribution of the antenna, since radome dielectric

ey B

materials have non-zero a.c. conductivities. Thus,

1 € L. <= (2-6)

Since antennas and radomes are lossy networks, it is clear

M" o

that they will introduce a small amount of their own noise power,

even when no external wave is incident. Generalizing to a two-

=2

port network, as in Fig. 2-1, we may solve for the apparent
antenna brightness temperature, i.e.

Emission Absorption

" b ;ll
' o= -1 S -
Ty = (L -L) Ty * 5 (2-7)

f—n

where it is assumed that an unpolarized random noise signal of
equivalent temperature Tg is incident on an isothermal antenna
at thermometric temperature Ty and of loss L. The first term in
(2-7) is the component of the apparent brightness temperature
due to the self-generated noise in the antenna and the second
term is due to the absorption attenuated equivalent temperature,
or received noise power. If the incident brightness temperature
distribution is Tsky (6,4) and the antenna gain pattern is G(0,¢),
then the second term of (2-7) is

s 1

= I J’.[ Toky (678) G(8,0)d0 (2-8)
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Fig. 2-1. Radiative transfer in an antenna.




2.2 Directivity/Gain Technique

It has been unofficially estimated by NBS that both the
gain and diréctivity of modérate to high gain antennas can be
measured, using the near-field sampling technique [Kerns, 19701,
to an accuracy of 0.1 dB (at the 3 ¢ point) throughout the
frequency range L to Ké—Band. This is assumed to be the state of
the art. We wish to examine the effect of such gain and directivity
measurement errors on the radiometer antenna temperature
uncertainty.

The power gain of an antenna is related to its directivity

by
G = %- (2-9)
A
where
G = power gain (dimensionless)
D = directivity (dimensionless)
L., = antenna loss

A

We next calculate the effect of systematic and independent
errors AG, AD on the insertion loss error AL*. From (2-9)

_ D
L, = 2 (2-10)

Differentiating and using the worst case formula,

) D
ALA = EAD + EEAG (2-11)

*
It is assumed that there is zero systematic error.

[
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which can be written as
AL, = & (AD + LAG) ’ (2-12)
A. G

It is next assumed that G and D are independent random variables,
normally distributed with zero mean so that T = L,. Letting
ci, cé, ug be the variances of L, G and D respectively, we

can determine ci by the familiar quadrature formula, i.e.,

2 2
L oL
2 _ A 2 a 2 _
L~ ['a—c;—] % * [m:—] D (2-13)

which yields

. 1 2 2 2
5, = T /% T La%e (2-14)

L A%

Since the errors are normally distributed we can express the 3 o
error as

30, = % \/ag + LﬁcGz (2~15)

The incremental errors o , and o_ can be related to their

L’ %G D

corresponding decibel errors by

3°L
-~10 log L = 10 logl|l + — (2=-16)

8L.(dB) = 10 log (L. + 3¢ T

)
If it is assumed that §P(dB) = 8G(dB), then it can be shown that
8D
SL(dB) = 10 log |1 + Vz¢10%0 -1)} (2-17)
When 6D = 6G = 0.1 4B, (9a) yields

8L

G.14 dB (2-18)



il

For example, when LA = 1 dB, 3aL = 0.041.

We next consider the effect of the insertion loss error on

the apparent antenna temperafure, T The noise temperature Tx

R
at the terminals of an antenna is composed of two parts: (1) the

integrated brightness temperature Tgr diminished by the antenna
loss and (2) the emissive temperature of the lossy antenna structure
itself.

Egn. (2-7) can be written as

Tg = Ta

Assuming that T, and T, are known, the effect of a random error

S A

o;, on Ty is given by

L

L
(T, - Tg) -7 (2-20)
A S L
A
Assuming that the insertion loss uncertainty is entirely caused
by the random 6G = 6D = 0.1 errors (typifying the state of the

art), eqns. (2-16), (2-17) and (2-20) can be used to calculate

g
Ty

n

O For example, a 1 dB insertion loss (LA = 1.259) corresponds
to L = 0.14 dB (30L = 0.041). Assuming TS = 10 K¥* and TA = 300 K,
op = (300 - 10.0) 204 7.5 ¢ (2-21)
B 1.259
For antennas with low insertion loss such as scalar horns, FA = 1
and a 0.14 dB insertion loss error would correspond to L, = 1 + 0.032.

A —

*This would be a typical figure for the antenna looking at the cold
sky.
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1, the effective 3°L = 0‘332 = 0,016, cor-

4.6 K. Using this approach, we obtain the

However, since LK

>
responding to Op =
B
curve of Fig. 2-2 which plots the antenna temperature uncertainty
vs. the insertion loss for two assumed values of G, D measurement

error.

The preceding results demonstrate that in the calibration
procedures where the measured insertion loss is used to deduce
the integrated brightness temperature, relatively small errors
in insertion loss can cause unacceptably high antenna temperature
errors. In particular, when the insertion loss is inferred
from the D/CG ratio, independent random errors of 0.1 dB in the
measurement of D and G correspond to temperature errors of
5 -9 K for typical values of insertion loss.

Thus, single-frequency direct measurement techniques are
not yet sufficiently accurate for the determination of the
insertion loss in a microwave radiometric calibration situation.,
In addition, this method suffers from the disadvantage that an
extremely large near-field sampling device would be required for
large radome-covered radiometer systems such as PMIS or MFMR,
and that to date no such large system has been built.

2.3 Cryoload Technigue

A second technigue which is usable for smaller antennas
such as horns makes use of a LN2 cooled microwave absorbing
hohlraum or cooled blackbody enclosure, as shown in Fig. 2-3.
If the horn views an isothermal brightness distribution Tg in
a perfectly absorbing (and emitting) medium, then solving for

LA from (2-7).
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Fig. 2-2. Apparent temperature error (ATB) versus antenna loss (LA).



Py
R

— r
R cemui |

S| | e |

| op—

[ S

14

// L// _~ LNy Bath

AN

_~ Microwave Absorb.
>

N\

Fig. 2-3. Cryoload for loss calibrations of small antennas.




S s

==

=7

— | ] i ] | |

Eor | | |

| S

15
L, = %ET;?L | (2-22)
A B
where
LA = antenna loss
Ty, = thermometric temp. of antenna (K)
(assumed heére to be isothermal)
Ty = brightness temp. 0f cryoload (K)
Té = uncorrected brightness temperature

measured by radiometer (X)

Blume and Swift [1972] of NASA LRC have used this technique to
calibrate the loss of an S-Band horn and have achieved an
absolute accuracy of + 1 K.

The technique has the advantage of being inexpensive and
accurate for relatively small antennas (diameters less than 6'),
but as yet no isothermal cryolcads have been developed which are
large enough to accommodate such large radiometer antennas/radome
systems as PMIS or MFMR where 30 m3 volumas are encountered.

2.4 Bucket Technigue

2.4.1 Theory

It is clear from (2-22) that the antenna thermometric
temperature (TA) must differ substantially from the integrated
source brightness temperature (TS) in order for LA to be measured
with acceptable accuracies. The bucket technique achieves this
by placing the antenna in a large reflecting enclosure which
blocks thermal emission from surrnunding terrain, thus allowing
the antenna to receive atmospheric noise only. The equivalent
sky temperature can be calculated from radiosonde data by
calculating the radiative transfer of an assumed 2.7 K cosmic

background temperature through a clear atmosphere with both
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water and oxygen resonant molecular constituents [Paris, 1971].
This technique is shown in Fig. 2-~4.

In general,

J-J]-Tsky(e:¢:f) D(6,é,£) F(E£) 4o df
Af 4q

Tg = (2-23)
4WI F(f) af
£
where

Ts = integrated antenna brighness temp. (K)

Tsky = gky brightness temp. distribution (K)

[y = spectral transfer function of radiometer

system (uz"1)
Af = bandwidth (Hz)

If the bandwidth is much smaller than the pressure-broadened
spectral widths of the HZD and 02 emission lines and if the
antenna pattern is independent of frequency across the bandwidth,
then (2-23) reduces to

= * -
4w

where f0 is the center frequency. If the'sky temperature
Aistribution is essentially constant across the main beam and
first few sidelobes of the antenna in the bucket, then (2-24)
reduces to

Tg = Tsky (fo) (2-25)

which is the form used in all subsequent calculations.
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2.4.2 Frrors due to Bucket Emissivity

It is apparent that (2~25) implies that the antenna in the
bucket is assumed to be surrounded by an isothermal brightness
temperature diStribution, i.e., the bucket has a net zero emis-
sivity. Also, it is tacitly assumed that the bucket is large
enough so that there is no mutual coupling between the test
antenna and the bucket. Assuming an emissivity of .001 for
aluminum, the bucket brightness temperature would be [Carver,1973]

Tag = € Ty = (.001) (290) = .29 K (17)
Assuming that the main beam views a 10 K sky and a 95% bucket
efficiency*, the contribution from the sky plus bucket would be

Tg = n T + (1= ) (Tgy + T

sky

T + (L -n) T

sky BK

10 + (.05)(.29)

I

Thus the error in neglecting the emissive temperature of the
bucket walls is only .01 K. Even under severe oxidation conditions
in which the emissivity might increase by a factor of 10, the
error is still less than 0.2 K.

*®
The bucket efficiency n is the percent power received by the
antenna which is not reflected by the bucket.
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2.4.3 Bucket Shape Criteria

How large does the buckei: need to be in order to avoid
first order mutual coupling effects? The answer to this depends
on the near-field dictribution of the worst-case antenna(s) being
used, i.e., the antenna(s) having the ztrongest fields near the
bucket walls. For the case of PMIS/MFMR, the L-Band array and
the X-Band array are electrically closest. These near-field
distributions can be estimated using Hansen's [1964] calculated
curves for uniform and tapered distribution horns, and setting
a criterion that the distance from the antenna to any bucket
wall should be large enough so that the near field reflected
power is at least 30 dB below the main beam on-axis power at
the same distance. '

2.4.4 Bucket Effect on Antenna Pattern — An X-Band Experiment

A small model bucket was built using this approach, scaled
for use with an X-Band standard gain horn, and with dimensions
shown in Fig. 2-5. The power patterns of the horn in free space
and inside the bucket are compared in Fig. 2-6 where it is seen
that the effect of the bucket is to eliminate sidelobes heyond
the bucket shadow boundaries and to introduce a distortion to
the free~space pattern. The horn is relatively large in
comparison to the bucket so that the perturbation is most likely
due to the phase interference of multiply edge-~diffracted rays
and the unreflected incident rays.

2.4,5 Description of Full Scale Bucket

The full-scale bucket was made much larger than any antenna
to be put in it, so that no appreciable perturbations in the
lit-zone pattern is expected. Dimensions are given in Fig. 2-7
along wi£h’sketches of the antenna positioner and PMIS/MFMR
systems.
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Fig. 2-5. Scale model bucket for X-Band standard gain horn.
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The bucket is an aluminum foil covered wooden truncated and
inverted pyramid, with a reinforced concrete base pad. It is
located about 9 km east of the NMSU campus at an altitude of
1.46 km on "A" Mountain. The photographs of Fig. 2-8 - 2-]11 show
phases of the bucket construction. Equipment access is through
a 3mx 6 m door, as shown in Fig. 2-12, with special lifting
rigs available for the PMIS and MFMR antenna and radome systems,
as shown in Figs. 2-13 - 2-16. Personnel access is through a
small removable door on the south side. Antenna/radome mockups
are mounted on a Scientific~Atlanta az over el positioner affixed
to the top of a steel support tower, with center-of-gravity
maintained on the tower axis by use of counterbalance assemblies.

Electronic and control equipment is housed in a large
temperature controlled concrete block building (see Fig, 2-17)
about 15 m south of the bucket with an interconnecting cableway.
During operations, a weather station is used to give temperature,
relative humidity, pressure, wind speed and wind direction. An
all-weather gravel road permits truck transport of equipment to
the facility.



| S

& s

] el e 7 At

S e—

[ESSENES

wii, 2=-8 Pre-fabrication and Painting Bucket Parts
(12 Nov. 1974)

TR

ey T £

i . .
o ot R -
» - O 4 4 - -~ oF 4
. — o a2k We" 1ge” = o
oy L" Sy S S - -~ lf"",.,‘ ASL £ a® Tde? o
E e

Fig. 2-9 Cementing Aluminum Foil to
Bucket Interior Surface

(13 Nov. 1974)

ORIGINAL PAGE I8
OF POOR QUALI'TY

24



!

@osm—

Qe

P ]

[

O —

Fig. 2-10 Bucket Assembly Underway
(14 Nov. 1975)

o r-mw- s
f‘ ! \\ ] \ 55 \l J(-r/(‘

i.i. . o p, .
) Siﬂ-. nlﬁ -4 “? »
." "“V"\JW

N

Fig. 2-11 South Face of Bucket Showing Braces
and Rigging to Sustain 100 mph Wind

(Jan. 1975)

25



.
&

—

ey

26

Fig. 2-12 PMIS in Position for Test -
Main Bucket Door Open

(Jan. 1975)

Fig. 2-13 PMIS in Mockup on Sling and Handling Dolly
(6 Feb. 1975)
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MFMR Radome in Handling Sling

2-14

1975)

(20 Feb.
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Fig. 2-15 Mounting MFMR Radome

1975)

(20 Feb.
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Fig. 2-17 PMIS Equipment Setup
(Dec. 1974)

Fig. 2-18 MFMR with Absorber Mounted for Test
(Feb. 1975)
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CHAPTER III

ANTENNA/RADOME DATA REDUCTION TECHNIQUES

3.0 INTRODUCTION

This chapter discusses the theoretical framework for the
inference of antenna and radome loss as well as the practical
technigques used for the PMIS and MFMR systems.

It is worth repeating that the loss values La and Ly are
used in establishing the absolute accuracy of an integrated
radiometer (antenna plus receiver) and that the need for these

values must be established by the user. How accurate must the

inferred brightness temperatures be? At present, accuracies of
+ 1 K are considered to be very good with receiver sensitivities
between 0.1 K and 1.0 K achievable using integration times rang-
ing from 100 - 1000 milliseconds. But can a user establish a
need for a + 1 K accuracy? Will + 3 K suffice? This is a dif-
ficult gquestion, having to do with the adequacy of radiative
transfer models, the availability of sufficient ground truth

in controlled areas, aircraft/spacecraft platform stability, etc.

It is clear, however, that relative loss values are extremely
important. In the case of PMIS, there are 44 beam positions,
electronically scanned, and it is necessary to establish the
loss value of a given beam position relative to its adjacent beam
positions with maximum precision., For MFMR, the variation in
loss with pitch angle change is of greater immediate importance
than the absolute value of those losses.

3.1 Theoretical Foundation for ILoss Calculations

A calibrated radiometer viewing an isothermal source T

indicates an uncorrected brightness temperature TB

8
' which is
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greater than Tg, due to the added emissive contributions of the
ij intervening waveguide, antenna, and radome. Considering first

i the radiative transfer when there is no radome (Fig. 3~1la), we
{J have [Kraus, 1966]

T
. 1 1 s 1
P! = (L - 5=)T . + = = 4 (L - =) T (3-1)
u B R v Ty L. A
Mgt oot
- emissive antenna emissive
zj contr. from absorption contr. from
waveguide term antenna
lj where
[l Té = uncorrected brightness temp. measured
) by radiometer (K)
}1 Tg = sky brightness temp. (XK)
T, = antenna kinetic temp. (K)
[] Ty = waveguide kinetic temp. (K)
LA = antenna loss (LA > 1)
L LW = waveguide loss (LW > 1)
It is assumed that the waveguide loss is known f£rom
[ laboratory measurements. Solving for LA,
L l T, - T
A ]
\ La =5 (3-2)

2 T g - DTy - Tt

Turning now to the radome loss LR (Fig. 3-1b), the radiative

transfer equation is

T
1 L 1 1 1 5
T! = (L - =)0, + — (L - =T, -+ (L -~ =—)T, - } } (3-3)
B LW W LW l LA A LA { LR R LR

OO =3

- —
: H
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Solving for Lps

T - T
L, = R s {3-4)

R TR + 'I‘A(LA - 1) + TWLA(LW - 1) - LALWTé

The coupled equations (3-2) and (3-4) form the basis for the
measurement of the antenna loss and radome loss. It is assumed
that the LA value in (3-4) is the same as that calculated in
(3-2), i.e., there is no mutual coupling between radome and

antenna.

The thermometric temperatures of the antenna, radome and
waveqguide structures are read by imbedded thermistors. The sky
brightness temperature is calculated by technigues described in
Chap. IV and the uncorrected brightness temperature T! is that

B
indicated by the calibrated radiometer.

In practice, both random and systematic errors are introduced

into (3-2) and (3-4) with concomitant effects on both precision
and accuracy. These are discussed in detail in Chaps. V and VI.

3.2 PMIS/MFMR Data Systems

Both PMIS and MFMR are operated on a Lockheed P~3A aircraft,
along with other remote sensors such as multi-spectral optical
scanners, etc., with all electronic data being recorded on
magnetic tape in PCM format. Thus, the output of both PMIS and
MFMR is in PCM counts with integration times of 100 ms being
typical during flight operations. However, an integration time
of 1 minute was used during the loss calibration tests so that
an improved sensitivity would be obtained.

[T ——
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The sensitivity of the radiometer is continuously monitored
by the use of two internally generated equivalent temperatures
known as the calibrate and baseline modes, with corresponding
PCM counts C, and CB' respectively. Assuming the radiometer is
linear, the uncorrected brightness temperature is given by

¢, - C
o= 4 oar 2B (3-5)
B 1 T. -G
(8 B
where
Tl & AT = constants to be determined (K)
EA = one minute average of data counts
Eé = one minute average of baseline counts
Eé = one minute average of calibrate rcounts

as shown in Fig. 3-2.

T
to thelradiometer input port and by computing the best linear
regression fit to the resulting data, or if only a hot and cold
load are available, by solving two equations and two unknowns.
Figs. 3-3 and 3-4 show the calibration history of T, and AT for
the PMIS vertically and horizontally polarized channels, over
the Jan. 20 -~ Feb. 6, 1975 time period. The horizontal channel
shows much more long-term instability than the vertical, which
was the basis for recurring difficulties in data reduction.

Pig. 3-5 shows a similar history of T, and AT for MFMR, comparing
the initial calibration on Feb. 8, 1975 to the final calibration
on Feb. 21, 1975. The K-Band (22,05 GHz) receiver was not working

and AT are determined by connecting known noise temperatures
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on Feb. 21, so that only an initial set of values are shown. The
apparent downward drift in the Ty value for Ku—Band was caused
by not allowing sufficient warmup time before calibration.

In addition to the PCM counts corresponding to the radio-
metric data, both PMIS and MFMR software require the monitoring
of other housekeeping data, such as antenna, radome and waveguide
thermistors, AGC voltages, electronics enclosure temperatures,
etc. These data are multiplexed and recorded on magnetic tape
for subsequent processing, as shown in Fig. 3-6. Data tapes
recorded at the bucket site are brought to the computer facility
at the PSL building on campus. Data on the tapes are then decom-
mutated, and transferred to storage addresses within the IBM
370 computer, all of this being under control of the IBM
SYSTEM 7 process controler.

Data reduction then proceeds under three phases of software:
PMIS/MFMR -1, 2, and 3 as shown in Fig. 3-6. Phase 1 strips and
sorts data from the tape, calculates means and standard deviations
and prints significant data in counts, as shown in Figs. 3-7, 3-8.
Phase 2 converts radiometric housekeeping data into appropriate
engineering units, as shown in Figs. 3-~9, 3-10. Phase III then
calculates loss values and associated standard deviations by
using eqns. (3-2) and (3-4), and prints the results as shown in
Figs. 3-11, 3-12.

The detailed instructions for the reduction of PMIS and MFMR
data tapes are given in the Appendix. The software written for
this purpose is extremely complex and powerful. However, it must
be complemented by a parallel intervention of the project engineer
anl programmer in order to monitor the health of the various
components of the PMIS/MFMR systems and to properly intermesh the
L values (egn. 3=-2} into the computation of Ly (egn. 3-4).
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) 508003
i 508004
; 508005
' 508006
502007
503008
2 508009
a 508010
! 508011
- 508012
508013
508014
50R015
508016
L 508017
508018
_ 508017
[ . 508020
| . 508021
] 508022
508023
508024
; 50R025
{l 508026

508027
508028
508029
- 508020
_J 1165756400

Ipe(22)
1NP(34)
10P(35)
InrP(3s6)
3 10P(37)
Inp(28)
10P(39)
1021400
tor{an)
1NP142)
10P(43)
10P(44)
1DP (45)
107 (46) =

Handum

SIGTRY =

RAW

COUNT
325
66
214052
0
605
165023318
0
109185
111871
Ta4%54
2°6721
297819
298704
295176
296364
2961176
51742
68329
1331
262646
0
246989
1373
55178
1417
54869
116840

294
FFFFON00
-672074512
95952960
96518148

46257
10917019
196

6823
239125
195

278

0

0

0
1017820
55061830
18815

0

2.5058

AVERAGE CALIBRATE COUNT VFRT = 236.0051
AVARAGF CALIRRATFE COUNT HORIZ = 0.0

AVERAGE PASE LINE CCUNT VERT =
AVERAGE BASE LINE COUNT HORIZ = 54.0962
UNCORIECTED SKY ARIGHTNESS TEMP VERT = |
UNCARRECTEN SKY BRICHTNFSS TEMP HORIZ =$snstssdke

THD VALYJES MF T1 & DELTA T & X USED WERE.
TIVD = 361.96 Ky

SIGTBH = ®swwanne

Fig. 3-9 PMIS-2 Sample Output

DESCRIPTION CHANNEL DISK ENGINEFRING UNITS
NUMBER ADDRESS
BEAM POSITION 3= 1-D 508050 22
V/H PATIOD 3- 2-0 508051 66
VERT POLARIZATION 3- 3-D 508052 770.4392 avs CTS
HORIZ POLARIZATION 3= 4=D 508052t sesenhns AYG TS
VALID DATA CODE 3- 5-D 508054 0000025D CTS
STD VERTICAL 3-22-D 508055 5.7097
STD HORIZONTAL 3=23-D £0805¢6 0.0
ANTENNA THEPMISTOR 1 3-41-A 508057 4.9896 DF5 C
ANTENNA THFRMISTOR 2 3=42-A 508058 4.7549 DES C
AVE OF 4 ANT TEMPS 3-43-A 508059 16,4990 NG C
RADCOME THERMISTOR 1 3-44-A 508060 =70.9019 DFG C
RADOME THERMISTOR 2 2=45-A 508061 =-172.3959 DEG C
AVE OF 4 RADNME TFEMPS 3-46=A 508062 -73.6000 NDEG C
RNMPR BAY THERMISTOP 1 3-47-A 508052 -68.8000 DEG C
BOMB BAY THFRMISTOR 2 3-48-A 508064 -T0.4162 DFG C
AVE NF & BOMA BAY TEMPS 3-49-A 505065 =T70.1604 DFG
HORIZ WAVE GUIDE YENP 2-57-A 508066 21.8767 DES C
VERT WAVE GUIDE T. +P 3-51-A 508067 19.1333 DFG C
HNRIZ HOT LOAD TEMP 3-52-A 508068 167.73197 DEG C
VERT HOT LOAD :_~P 3-52-A 508069 130.0541 "EG C
HORIZ WARM LOAD TEMP 3-54-A 508070 89.5239 DEG C
VERT WARM LOAD TEMP 3-55-A 508071 60,7170 DEG C
HORIZ PARAMETRIC AMP TMP 3-56-A 508072 93.4742 NEG C
VERT PARAMETRIC AMP TEMP 3-57-A 508073 54.9325 DESG C
HORTZ ENCLOSURE TEMP 3-58-A 508074 92,4406 DEG C
VFRT ENCLOSURE TEMP 3-59-A 508075 55.0974 DES C
ELECTY ENCLOSURE TEMP 3-60-A 508076 35.3007 DEG C
NO. OF DATA CYCLFS
CONTROL CODF
LOG In = P040
START TIM= = 1 HOUYRS 37 MINUTES 8.10 SECO
END TIME = 1 HOURS 38 MINUTES 30.01 S=C9
op %&’A" PAGE Ig
SIGvA= 0.8197
SIGMA= 0.0
24.9897 SIGMA= l.4145
SIG¥A= 0.2961
15,1094
NTVP = —6T.4T Ky TIHP = 365,30 Ky OTHP = =69,62 K Xv =

FORMAT

NDS
NDS

3.659

MU TIATIATNMTIAANATIAT NI ANTINT Newt T TN e

—— D [ -
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IOP OR EDP
SUBSCRIPT

XH = #drkdas
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LOGID = MOO03
STAaT TIMF = 2

VALTD
HNUES

NATA CODE =
45 MINYTES

00000245

46,03 SFCONDS

PAY TOTAL NATA FOR THIS FILE STRARYS AT RISK ANDRESS
FNGIMEFRING AATA FOR THIS FELE STARTS AT DESK ARNRESS

- AW SENS
. fLRUNT “F

1. ATE o« KU=-RA
? . B77 « KU=-RA
3. 7¢3 ., KA-BA
4 109 , KA-RA
5 . REW , K-AAN
6 . 709 , R=9AN
T T78 . L—4aN
8 . 129287 , KU=HA
9 . 137880 . kU

10 . 121525 . Kl

11 . 132098 . KU

12 . 113399 , KU

13 . 116411 o+ KU

14 . 135028 . KU-BA
15 . 129554 . KA-Ra
16 . 174060 . KA

L7 . 121063 . KA

I3 . 129580 , KA

19 . 118685 ., KA

20 . 120089 , K&

21 . 103041 . KA=84

22 . 128480 . K-H#aN
23 . 131339 , K

24 . 120559 , &

29 . 121560 , K

26 . 117859 , K

27 « 119074 . K

28 . 12765R . K-BAM

29 . 1353¢4 , L-RAN

20 . 125124 . L

31 . 16656 . L

32 . 127600 . L

3z . 107214 ., L

34 . 116735 « L-RAN

35 . 130243 . L-RAN

76 . 0o, RangM
37 . o,

3R ., 0 .

29 . 0 .

40 . 7 o PADM

41 . 57200 . “ONE

4z . ?hAR44 , ANTEN
43 THRES2 , SINMA
G4 . 16200% . SIGMA
45 L2RTL1L . STGAMA
46 623234 . SIAMA

47, 754547 o SIGMA

4R . A26405 , STGMA

4% . hNBe19 , SINMA
Yo . 220 .

51 . 561 .

82 . 0y .,

52 o 17hus1900

S4 ., 1T70i862N0 .

ORIGINAL PAGE IS
OF POOR QUALITY

CPR
e

SYSTFEM

ND RADTOMETER CH
MA QARTAMETER H
NN RADTOMETER CH
RN RANTAMETFR CH
N PANTOMETER  fH
D RARIAMETED (b
™ RACTANMETER
NP COLD RFF TEMP,
HOT  REF TEMp
ANTFYNA TEMDP
SWITLH TEMP
CHa1 WAVF GUIDF TEMP
CHe2 WAVE GUIDE TFMP
M AGE VNLTAGE
ND COLD #EF, TFWMP,
HNT RPFF. TEMP,
ANTFNNA TEMP,
SWITOH TEHP .,
CHel WAVE GUIDF TEMP,
CH,2 WAVE GUIDFT TEMP.
NI AGE VALTAGE
N CALPD SFF, TEMP,
HOT REF, TEMP,
ANTFNNA TEmp,
SHITFrH TEWPR,
CH.1 WAVE GUINL TrMp,
CHe.Z WAVE GUIDF TEHP
D AGC YN TAGF
D CoLh REF, TEMP,
HOT RFF, TEMP,
ANTFNNA TEMP,
SWITCH TFMP,
WAVE GUINF TEMP,
P ART VYN, TAGTE
0 FILTFR TEMP,
E THFRUMIETOR N, g
N4
NS
NUY, &
F THEPMISTCR NMN,7
£ POLARIZATION SWITLH
NA FLFVATINN ANGLF
KU-8AND CH.]
KU=BAND (CH,2
KA=-RANMGD O}
KA-BAND CH, 2
K=RANT} {H.1
K=BAND CH.2
L RAND

N e B = Y e

4 & 8§ ¢ % % g 3 & B T S 3 e 8 2 B+ 8 4 4 4 E AP s B N p 4 B A SR s s T a4 R e oo

CHAM
e

2A=1-A

2A=2-A
Zh=13=A
24-14-A
2A=2C=4
2A=26=A
28-327-4
2h—3=4
2h-hH=4
24-5-4
2h=6=A
2h—T7-48
2A-8-4
24-9-4
28-15~4
2A~16-A
24~-17-4
28-18=-1
24-19-A
20h-20-10
2A-71-4
20-27-2
28-28-4
2A-729-A
2A=30-4A
2A-31-4
2H-32-4
24-17-1
254-30-A
2A-40-A
ZA-41-1
28=471
28-42-p
2A=45=4
2A=46—4
208-6]1-4
2R=54=4
28-55-4
29-864
20-57-4
ARc]un
28=6N=A
25-1-4
20A-2-4
26-11-4
24-14-4
2A=2G=A
2A=26-A
28—-37-4

Fig. 3-10 MFMR-2 Sample

END TIMP =
247500
24258

- UNTTS

R.76H4E
He T250F
T« 3I0%F
rt.0946¢C
A BROTT
T VIDGF
T.TH21FE
2eT149F
JuBL3LF
7y 1500F
I.2317F
T, TRR2F
2»7862F
2.9940F
2. 7T140F
TLR207F
2. TT6F
3.735TF
2. TTTAHF
2.TINLF
2+.3979F
2. 7118E
J.08182F
2.7T44F
2423267
275 TIF
2.7579F
FeBI33F
2+« TOB3F
3.8129F
2.TBLOF
1.,2389F
2. T9T4F
?45909E
4a2623E
7. 1800F
?. LROOF
2. 1800F
7.1800F
7« 1ANNF
260007
Fobu3zr
1?2%517F
Pahl14E
TWE5HTE
2e5145%
Y4 3402F
?.5567E
3.6788F

LR R A L N T R R N I N N A N N I T

Output .

2 HIAURS

G

0z
02
n?
n2
0z
nz
a2
Q2
02
0z
c?
124
02
29
0z
n2
02
0z
[t
0?
[210]
oz
nz
r
nz
n2
o7
na
02
o2
az
0?
02
ng
c?
oz
02
o2
L
02
N7
02
O
oo
8]
no
0
GO
na

il

TMGINFER NG

AvG
AVG
Ave
(3"
avG
AVGC
AYG
nee
nEG
nEG
DF6
nEG
NEG
vaoLT
DEG
DER
nEn
NEG
NEG
ARG
VoL T
NEG
neEG
rEG
nr6
NEG
NEG
VAL TS
DEG K
DFG K
NEG K
AEG K
"EG K
VLTS
Nf6
nre
ngG
LET
nee
nEs
cnoe
AYG NEG
CAYNTS
COUNTS
COUNTS
CRNTS
CUUNTS
CONNTS
[MalFRTA B

CcTs
r1s
[
cTs
cTs
C¥s
CrYs
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LORID = PD4O VALTP DATA CADE = OONROPGE

START TIMF = 4 HPMIRS 10 MINUTFS  20.19 SECONDS END TIME = 4 WAURS 11 MINUTES 20.09 SECOMDS
PHYIS2 DISK ADDREST = 146500

NISK ADNRESS NF ANTENNA LOSS DATA 1S 509050

REAM POSTTION TS 4

RADOME LNSS { 1

SKY ANT TR IRV 24 NAME SIGMA RANMME

TEMP LASS TR LNSE LR LSS

"y La 1K} (1.9 Le {DAR)
VERT S.00 1.68 134,0129 R 5660 1.1129 -0.0801 N.4645
HORZ = 5.00 0.00 292.0999 0.0 ~24,4722 0.0 0.0000

-

Fig. 3-11 PMIS-3 Sample Output,
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SUNRURSS SN b St S S S U [ v S nvus [ sua R st B svon [ svant S st SR s SN ssouo SRS sonve JES vt [N aconn B svvvat NN B0

ey p—— .

LOGIN = #0973 VALTD NATA CONF = QOQ00245
STARGT TI4E = 2 HAUTT 45 MINUTES 46,02 SECONDS ENR TIME = 2 HOURS 46 #IMUTFS 46,06 SECCNDS

AMTENNA LOSS

SKyY TA SIGMA AMT, SIG4a ANT.

TEMp Th LASS LA £Nss

(<} (K1 (K} L2 {DR)
kKi-1 6.17 27,65 5, 8100 1.1132 02,0272 D.4655
Kty-2 6,17 39,05 5.8049 1.1C69 2.0272 Qat4l2
KA-1 10.2! 59.93 4.9572 1.1210 31,0256 D.4962
KA=-2 10.91 5Be47 5.1687 lellas J.0263 C.4703
X-1 12.16 45,48 SaT641 1.0826 2.026% 0.24%8
K-2 13,16 43,27 5.5761 1.0777 1.0257 N.3251
| 4.29 90.46 5,2719 1.2661 J.0%80 l.2548

Fig. 3-12 MFMR-3 Sample Output.
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CHAPTER IV

ESTIMATION QF SKY BRIGHTNESS TEMPERATURES

4.0 INTRODUCTION

Egn. (2-23) and its special case (2-25) form the basis for
estimating the isothermal brightness temperature seen by the
antenna. The purpose of the bucket is to equate this temperature
to the sky brightness temperature at zenith.

48

The calculation of this temperature using the spherical shell

model of Paris [1971] depends on the availability of contemporary
radiosonde data at the bucket site in clear sky conditions, and
it assumes negligible random fluctuations (within-the-hour). 1In
practice, however, logistic considerations make it difficult to
obtain soundings at the exact desired time and/or place. These
sky which
become greatest at the water resonance frequency of 22.235 GHz.

and other factors can introduce systematic errors in T

This chapter discusses the general teciinigque and pitfalls
involved in this approach.

4.1 Theoretical Background

The low~level noise power emanating from the atmosphere in
the microwave spectrum results primarily from absorption and
re-radiation by water and oxygen molecular constituents with an
cosmic = 2.7 X), believed by
many cosmologists to be due to radiation from the remnants of a
diffuse expanding primiordal fireball., Superimposed on this are
occasional localized radio objects such as the sun, the galactic
center and various point sources. Almost all of these, however,
have flux densities which decrease rapidly with increasing

extremely weak cosmic background (T
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frequency and may be safely ignored at X-Band and above. At
1.4 GHz it is possible to detect solar radiation with only mod-
erate gain antennas, so that mid-day calibration measurements
should be avoided at I~-Band.

For PMIS and MFMR, the task of primary concern is the
modelling of radiative transfer within the atwmosphere. The
model constructed by Paris [1971] uses concentric spherical
shells to describe the radiative transfer, as shown in Fig. 4-1.
The equation of radiative transfer through one shell (shown in
inset) is

_ -oAZ sec 8 _ _—aldZ sec 8 -

TBAZ = TBOE + T(1 £ ) (4-1)
where

TBo = incident brightness temperature (K)

T = mean thermodynamic temperature (K)

TBAZ = transmitted brightness temperature (K)

o = yvolume absorption coefficient (m™ 1)

AZ = thickness of shell (m)

8 = angle from zenith (rad)

By summing over a sufficient number of shells (with thickness
equal to or less than 30 mb pressure), the total incident bright-
ness temperature can be computed for any station altitude or
pressure.

The volume absorption coefficient o is due to absorption
by both water and oxygen and is modified to include pressure
broadening effects using the model of Van Vleck and Weisskopf
[1945]. The necessary input data for (4-1) are taken from radio-
sonde profiles of air temperature (T), pressure (p) and relative
humidity (R.H), which are then converted to more useful forms.
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Fig. 4-1. Atmospheric radiative transfer model (after Paris, 1971).
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It is necessary to include sounding data to 10 mb in order to
accurately assess the sky temperature at 22 GHz where total
precipitable water is of great importance.

Unfortunately, however, many soundings are terminated at
300 mb so that it is necessary to simulate profiles above this
level. This simulated tropopause effect is shown in Table 4-1.

Table 4-1

Simulaied Tropopause Data

Pressure (mb) Alr Temp. (°C) Dew Pt. Temp. (°C)
200 -60.0 -70.0
100 -65.0 -75.0
10 -52.0 i -62.0
H 1

It has been found through computer simulation that these numbers
are not critical, even at 22 GHz, but that some reasonable simu-
lation must be made.

4,2 Local Topography

The radiometer calibration facility is located approximately
7 km east of the NMSU campus in Las Cruces, and is at an altitude

of 4816" (1.468 km), as shown in Fig. 4-2. Most of the regular

gsoundings (daily, at 0200 MST) are taken at White Sands Missile

Range WSD site, although other soundings are taken occasionally

at the SMR, LC-36 and Airport sites shown. Between the WSD site
and the A-Mtn. bucket site is the Organ Mountain range with some
peaks rising to 9000' (2.743 km).

e b Tk
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Fig. 4-2. Location of NMSU/PSL radiometer calibration facility.
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Can the regular soundings at WSD be used to adequately
estimate the sky temperature at the bucket site? The answer is
a qualified yes, with the proviso that clear sky conditions be
prevailing, that the WSD sounding be within 3 hours of the
measurement, and that the wind be predominantly westerly. This
technique has evolved as the result of systematic study of the
correlation between sounding data in the area, and of the cor-
relation between total precipitable water (Wp) and the sky
temperature Tsky’ For example, Fig. 4-3 compares contemporary
soundings at A-Mtn. and WSMR at 0200 MST on Feb. 12, 1975, and
shows a higher temperature and slightly higher humidity on the
WSMR side of the mountains. The effect of this difference on
the Tsky
total precipitable water at K-Band becomes immediately apparent.

spectrum is shown in Fig. 4-4, where the sensitivity to

These data are referenced to an average A-Mtn. surface pressure
of 850 mb. The effect of smaller pressures (higher altitudes)

is shown in Fig., 4-5 in the T spectrum. As the pressure

sky
broadening decreases, water and oxygen line shapes become more
distinct, and the 2.7 XK asymptotic value is approached at lower

frequencies.

The correlation between the zenith sky temperature and
total precipitable water (Wp) is shown in Fig. 4-6 for 18, 22
and 37 GHz, The total precipitable water is found by integrating
from the atmospheric top (10 mb) to the station pressure of
850 mb, using sounding data and standard meteorological expressions.
At 18 and 37 GHz the computed zenith sky temperature is closely
correlated to the indicated linear £its with slopes of 0.28° and
0.38° per mm respectively. At 22 GHz the slope of 2°/mm is much
steeper and the correlation is not as good, with one point depart-
ing 2.5 K from the standard curve. The points shown on this scat-
tergram were computed from sounding data in the winter time period
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Fig. 4-3. Radiosonde profiles - Feb. 12, 1972 - 0200 MST.
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Nov. 1, 1974 to Feb. 20, 1975. A histogram showing the distri-
bution of 22.05 GHz temperatures is shown in Fig. 4-7 and
indicates the most recurrent temperatures to be in the 14-17 K
range [Carver, Cooper and Paris, 1975].

Even under clear sky conditions, the zenith sky temperature
can vary widely over a period of several days, as shown in Fig.
4-8, which compares A-Mtn. temperatures to WSMR (WSD) wvalues in
the Feb. 12-14, 1975 time period. Excursions over 10 X are
evident at 22 GHz (WSD) in a little less than two hours.

Since 22 GHz is the most difficult frequency from t':e stand-
point of prediction, a key question is whether the zenith sky
temperature can be estimated with sufficient accuracy using only
total precipitable water (Wp) as a basis. Fogarty [1975] has
very recently reported on the correlation between 22.2 GHz
measured zenith temperatures and surface dew point temperatures
over the Oct. 1972 - Nov. 1974 time period for a Brazilian
coastal zone site 850m above MSIL.. He observed large seasonal,
daily and even hourly variations in the zenith attenuation
with typical clear sky values of 0.64 dB in the winter and
1.70 dB in the summer, corresponding to 40 K ~ 88 K temperature
variations respectively. He concludes that, contrary to previous
reconmendations [Sullivan, 19711, the prediction of zenith sky
temperature by surface dew point temperature or total precipitable
water is much less accurate than by use of the "tipping" method,
wherein the sky temperature is observed at various angles and
calculated by slope technigues. The difficulty with Fogarty's
assertion is that no explanations are offered to explain hcw he

lculates total precipitable water, although it is apparent that
< is not the total integrated WP used in the Paris approach.
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Fig. 4-7. Histogram of zenith sky temperature.
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It is believed that the proper use of radiosonde profiles
with an adequate radiative transfer model leads to an acceptable
correlation between the zenith sky brightness temperature and Wp,
as indicated in Fig, 4-6. Clearly, a direct calculation of TSky
using the SKYTEMP program written by Paris with timely sounding
data from A-Mtn offers the most accurate means of estimation.
However, on-site soundings are relatively expensive andllogisti-
cally difficult so that it is desirable to use the regular 0200

WSD soundings where possible.

By comparing the integrated WP values from several coordinated
soundings from Las Cruces Airport, Small Missile Range, and
Launch Complex - 36, it has been found that for clear sky condi-
tions and prevailing westerly winds, the Wp value is about 1/2 mn
higher on the east side of the Organ Mountains (see Fig. 4-2),
so that from Fig. 4-6, Tsky should be higher on the west side of
the mountains. This is confirmed in Fig. 4-8 where A-Mtn. and
WSD temperatures are compared, with the brightness temperatures

on the A-Mtn. side being consistently cooler.

4.3 Variation with Zenith Angle

Fig. 4-9 shows the variation in the computed 'I‘Sky values at
18, 37, and 22.05 GHz with angle from zenith. Both A~Mtn. and
WSD curves (Feb. 12, 1975; 0200 MST) are shown. The greatest
slopes are found at 22 GHz, although the variation is negligible
over the 5° beamwidth of the scalar horn used. Thus the assumption
that T, = Tsky(oa)' as in egn. 2-25, is 21 good one when a reflect-
ing bucket enclosure is used to block emissive radiation from
surrounding terrain.
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4.4 Brrors in Tsky

An extensive analysis of systematic errors in Tsky using
radiosonde data has been prepared by Paris (1975] especially
for the PMIS/MFMR measurement prog.am. His analysis assumes that
the sounding is contemporary with the radicmetric measurement
and is taken at the A-Mtn. site and that random errors can be
ignored. These error values are repeated in Table 4-2.

Table 4-2
Systematic Errors in TSky
{after Paris, 1975)
Frequency (GHz) ATsky (R)

1.4135 0.27

10.69 0.40
18.00 0.82 |
22.05 3.04 ':
|
37.00 1.84 {
i
———— =

A

s bt b g s
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CHAPTER V

PMIS LOSS MEASUREMENTS

5.0 INTRODUCTION

The PMIS radiometer operates at 10.69 GHz as a dual-
polarized imaging sensor using a planar phased array of crossed
slots, The beam is scanned through 44 discrete positions on a
conical surface and has a typical beamwidth of 2° corresponding
to a gain of 35 dBi. Horizontally and vertically polarized
components of incident radiation are processed by separate
radiometers with heam switching and data initial data processing
under control of a dedicated computer. In flight, integration
times are variable and controlled by a feedback network. A

radome covers the array when it is used on the P-3A aircraft.

In the calibration testing phase, the radiometer's intrinsic
inteé&ation time was fixed (- 120 ms) with an effective integration
time of 1 minute being provided by computer processing of data
tapes. The objective of the test was to provide antenna loss
(LA) values for all 44 beam positions for both vertical and
horizontal channels, and radome loss (LR) values for both
radomes supplied, at each of the 44 positions. This totals
to 264 separate loss measurements. Tests were run at night,
normally from midnight to dawn, so that the regular 0200 MST
radiosonde sounding from WsD could be used to calculate the sky
brightness temperature.

5.1 Mechanical Positioning Technique

The PMIS array and associated radiometers were mounted in
a plywood bomb-bay mockup which was in turn affixed to an
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azimuth-over-elevation antenna positioner, as shown in Fig, 2-16.
The positioner was set (according to a table in the operator
logbook) so that electronic beam steering was compensated, giving
a beam always pointed toward the zenith.

A counterbalance assembly was used so that the center of
gravity was nearly on the elevation axis. Angular setting errors

of the positioner are negligible.

5.2 Radiometer Receiver Calibration

Both horizontal and vertical radiometer receivers were
laboratory calibrated by the use of an X-Band waveguide variable
temperature cold load, as shown in Fig., 5-1. A matched wave~
guide load is immersed in a cryobath whose temperature can be
varied from approximately 50 K - 250 K. This source of thermal
nolse causes an equivalent noise temperature 'I‘f to appear at the
A-A' waveguide flange connected to the radiometer receiver.
Thermistors (one is shown) are used to monitor temperatures
along the waveguide. Corrections are made for waveguide
absorption and internal emission, as well as mismatch corrections,

in arriving at the A-A' flange temperature.

This reference load has not to date been calibrated by
NBS and it would be desirable to have this done. However, it is
instructive to consider possible sources of error in order to
arrive at a total systematic uncertainty in the flange temperature.
These errors result primarily from inaccuracies in the cryobath
temperature (+ .2 K ), and flange mismatch (misalignment) errors
(+ .5 K} with the resulting estimate of a + 1 K overall systematic

error.
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Cryoflask
/ Input Flange
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S ’f ) |
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: - Radiometer Receiver
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A |
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\— Waveguide

Matched Load

Temperature Control
Interconnecting Waveguide

Fig. 5-1. Symbolic diagram of X-Band reference cold load for
PMIS receiver calibration.
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In practice, the apparent flange temperature Te (equated
to Té) in 25 K steps from 100 X to 200 X, which is the normal
operating range of the receilver. As the cryoflask mixing is
changed, short-term local temperature gradients develop around
the matched load so that Tf requires several minutes (typically
10 min.) to stabilize after making a 25 K change. An equation of

the form
= ] - -
Tfi TBi Tl + (AT)Xi {5-1)
where
¢, - C
Ky = B (5-2)
Cc ~ S5

is used to solve for the calibration constants T, and AT by
using standard regression techniques to find the best straight
line fit to (5-1). Tfi assumes approximate values 100 X, 125 K,
150 K, 175 K and 200 K, and is read from the (827) address of

the Varian computer.

The T and AT "constants" varied slightly, due to receiver
post-detection instabilities, as shown in Figs. 3-3 and 3-4.
The horizontal receiver showed about 3 times the drift of the
vertical receiver and generally provided a continuum of dif-
ficulties. A further source of difficulty in receiver cali-
bration was a high level of PCM noise, which was corrected only
near the end of the measurement program.

On Jan. 27, the horizontal receiver failed completely, so
that all subsequent data from both horizontally and vertically
polarized channels were taken using the vertical receiver front-
end.

S e T e e g sty 1 S
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5.3 PMIS Data Flow
Each of the 264 loss values were measured independently
several times so that a reduction in the uncertainty was made
possible by averaging. The number of independent measurement
sets is shown in Table 5-1.
Table 5-1
Number of Independent Loss Measurement Sets
Loss Polarization Number of Sets (Ns)
Antenna Vert. 7
Horiz. 7
Radome #1 Vert. 3
Horiz. 4
Radome #2 Vert. 3
Horiz. 4
!
The mean loss value for each set was then computed ac-
cording to
N
T S
LM=§']-—- ) LiM (5-3)
s i=1

where the superscript refers to the beam position number and

NS is the number of sets. The standard deviation of the set was

computad according to

g = N—-—"' 1 z (I.:. - L ) (5_4)
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It was found that the noise cM

was still too high using this
procedure, particularly for the horizontal channel. To reduce
the noise further, a three-point convolution process was used,
wherein a loss value for beam M is averaged in a weighted sense
with values of its two neighbors M-1l, M+l. The weighting
function is chosen as the standard deviation, so that LM values
having high (noisy) cM values count less than those with more
repeatable values (low UM), i.e., the final quoted loss value
is
MEl(UN)—lLN
M M-1

L= I (5-5)

z (O,N}'"l
M-1

As an example, the antenna loss (horizontally polarized case)
for beam position 4 is derived from measured data listed in
Table 5-2.

Table 5-2

Loss Value Averaging Technigque

Measurement No.

, ' '......‘
[P PR PN W L

s wrmra f

Beam A _
Position| 1 2 3 4 5 6 ;\ LM oM LM
3 1.514 1,488 1.559 1.567 1.576 1.611 1.,584|1.557 .04 -
+ 4 1.509 1.531 1.532 1.563 1.570 1.611 1.570{1.554 .04 1.560
5 1.553 1.538 1.635 1.579 1.504 1.633 1.559/1.572 .05 -
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Then

1.557 , 1.554 4 Le572
L4 ~ _+04 .04 .05 = 1.560
1 1 + 1
.04 .04 .05

This smoothing process essentially borrows statistical information
from neighboring beams and is equivalent to convolution of
average loss values M with a three-beam weighted pulse function.

5.4 PMIS Antenna and Radome Loss Values

The final loss values, as derived by this technique, are
tabulated in Table 5-3 and illustrated graphically in Figs. 5-2,

s TR
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Table 5-3

PMIS Loss Summary
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Beam
Position Antenna Loss Radome 1 Loss Radome 2 Loss

Vert. Horiz. Vert. Horiz. Vert. Horiz.

1 1.672 1.555 1.083 1.130 1.064 1.125
2 1.677 1.557 1.083 1.134 1.063 1.127
3 1.679 1.558 1.083 1.136 1.060 1.129
4 1.679 1.560 1.082 1.137 1.059 1.131
5 l.682 1.572 1.080 1.138 1.057 1.133
6 1.685 1.585 1.079 1.138 1.056 1.134
7 1.681 1.585 1.077 1.139 1.055 1.135
8 1.677 1.586 1.077 1.139 1.055 1.135
9 1.669 1.589 1.076 1,139 1.055 1.134
10 1.667 1.595 1.074 1.139 1.0534 1.134
11 l.664 1.604 1.072 1.132 1.053 1.132
12 1.666 l.614 1.069 1.139 1.052 1.130
i3 1.664 1.034 1.067 1.138 1.051 1.128
14 l1.661 1,641 1.066 1.138 1.050 1.127
15 1.657 1.642 1.066 1.138 1.050 1.125
16 1.655 1.638 1.066 1.137 1.050 1.125
17 1.650 1.642 1,066 1.137 1.049 1.124
18 1.646 1.649 1.066 1.136 1.048 1.124
19 l.646 1.646 1.067 1.134 1.048 1.123
20 1.645 1.640 1.067 1.132 1.048 1.122
21 1L.644 1.638 1.068 1.130 1.048 1.121
22 1.641 1.637 1.070 1.126 1.048 1.120
23 1.639 1.645 1.071 1.123 1L.048 1.118
24 1.639 l.641 1.071 1.119 1.049 1.116
25 1.643 1.656 1.072 1.116 1.048 1.114
26 1.644 1.655 1.071 i.112 1.048 1.111
27 1.646 1.659 1.071 1.109 1.047 1.108
28 1.649 1.661 1.069 1.106 1.047 1.106
29 1.658 1.660 1.068 1.104 1.046 1.105
30 1.662 1.662 1.066 1.105 1.046 1.106
31 1l.664 1.651 1.065 1.110 1.046 1.108
32 1.665 1.635 1.065 1.119 1.046 1.111
33 1.667 1.624 1.066 1.125 1.047 1.113
34 1.672 1,615 1.067 1,129 1.048 1.115
35 1.675 1.604 1.068 1.131 1.049 1.117
36 1.679 1.594 1.071 1.132 1.050 1.118
37 1.684 1.592 1.073 1.134 1.052 1.119
38 1.680 1.585 1.075 1,135 1.054 1.120
39 1.684 1.579 1.078 1.136 1.056 1.121
40 1.688 1.570 1.080 1.136 1.057 1.121
41 1.686 1.562 1.080 1.135 1.058 1.122
42 1.681 1.552 1.079 1.133 1.05¢9 1.122
a3 1.681 1.552 1.076 1.126 1.059 1.122
44 1.671 l.547 1.075 i.,116 1.059 1.122

e T

i 2. s b A e
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5.5 FMIS Error Budget

5.5.1 Theoretical Background

In experimental measurements, errors may be divided into
three classes:

1. Blunders

These errors are due to human mistakes, and all measure=-
ment programs suffer from them. Incorrect reading of meters,
computer card punching mistakes, careless mating of waveguide
flanges, etc., typify these blunders. In most cases, these
errors will eventually be discovered and corrected.

2. Systematic Errors

Systematic errers relate to the accuracy of a measurement
and séem from incorrectly calibrated instxuments, human meter
reading error (e.g., meter parallax), or such environmental
conditions as strong magnetic fields interacting with meter move-
ments. Systematic errors will thus cause a measured value to be
consistently high or low from the absolute value. Instrument
calibration and the careful use of these instruments as recom-

mended by the manufacturer will minimize these errors.

If a quantity is deduced from its relationship f =
f(Xl, X2, x3,...., xn) on n independently measured quantities
(Xl, Xz, X3,...., Xn), then the worst case systematic error
(accuracy) in f is

3L | ax, (5~6)

£
AE
BXi i

il
il t~133

i=1

AR 7 AR e

o~
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where Axi is the accuracy of the measured quantity xi.

3. Random Errors

Random errors control the precision of a measurement or the
number of significant figures that may be guoted. Such errors
are noise-related and may stem from short-term gaussian noise or
shot noise or they may be caused by the relatively long-term
gain instability of an amplifier. If the variances cf of the
gquantities Xi (see above) are known, then the variance of the

guantity £ is given by the quadrature relationship

2
2 S fof 2
o = § (&) (5-7)
£ i=1 (axi) i

5.5.2 PMIS Antenna ILoss ZErrors

For PMIS, the waveguide and antenna are considered as a uni?
so that (3-2) reduces to

T - T
L = H (5-8)
= A B

1. Random Error

It can be shown that the random fluctuations in the antenna

temperature (UT ) and in the sky temperature (uT } at X-Band are
» B 5
two to three orders of magnitude smaller than the fluctuations in

the uncorrected brightness temperature. Thus, from (5-7),

_ BLA _ TA - TS
L, T arr 9p_ T 2 ot (5-9)
A B B (TA - TB) B
The uncorrected brightness temperature is computed by
Ca - Cq
Té = Tl + {ATYX where X = — - (5-10)
¢ -~ g
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and X is the PCM count ratio.

2
B 1

The noise process responsible for o
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1 and AT are constants established by laboratory calibration

Thus,

2 1/2

2 2
AT + (AT) Gx] (5-11)

is short-term (within-the-~

minute fluctuations) and originates from the receiver front-end,

from antenna phase shifters and from the residual PCM transients.

It has been found that with a one-minute integration time,

0.07
{(aT)o, =
X 0,22

Tiagtnations in 'I‘l and AT
week) gain in~tability as
in the receiver rear end.
the PMIS loss measurement

l-60 K

g =
T 3.00 K
l 0.29 K

g =
AT 1.05 K

as being typical.

K (vertical)

(typically) (5-12)

K (horizontal)

originate from medium-term (within-the-
influenced by the synchronous demodulator
Repeated laboratory calibrations during

period at A-Mountain established that

{vertical)

(5-13)
(horizontal)
(vertical)

(5-14)
{(horizontal)

Using X = 3.50 (a maximum) and substituting

5-12, 5=-13 and 5-14 into 5-11,

O

ll.so K
B

4.70 K

{vertical)
(5-15)
(horizontal)
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Under typical conditions,

Ty = 288 X
Ty = 5K
(5-16)
Té = 120 K
Ly = 1.684

Substituting 5-~15 and 5-16¢ into 5-9,

0.019 (vertical)
o, = (5-17)
A 0.047 (horizontal)
The three-point convolution process used to borrow statistical
information from neighboring beam positions decreases the noise
on Ln by 58%, giving a final random error

. 0.010 (vertical)
o = {total random error) {5-18)
A 0.027 (horizcntal)

2. S8ystematic Error

The major source of systematic, or calibration error is the
inaccuracy of the laboratory standard X-Band cooled load. Other
errors, considerably smaller, include the accuracy of the sky
temperature and of the antenna kinetic temperature.

The worst case systematic error may be calculated by

AL, = — %+ _pp_ + —2B 5 _,p 4 A S _ ,\Tp (5-19)

— - N
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It is estimated that:

AT, =4 0.2 K (limited by accuracy of thermistors)

ATy = & 0.4 K (limited by accuracy of knowledge in HZO
vapor volume absorption coefficient in
accuracy of radiosonde instruments -
see Section 4.4.

ATé =+ 1.0 K {See Section 5-2)

Subgtituting 5-16 and 5-20 into 5-19,
AL, = + {(0.0014 + 0.0008 + 0.0100) (5-21)
sky temp. ant. temp. ref. cold
error error load error

or

AL, = + 0,012

(total systematic error for vert. and

horiz.)

3. Total Uncertainty

The total uncertainty is found by adding the random and

systematic error, i.e.

€

or

1A * (ULA +IALA|)

+ 0.022

+ 0.039

(vertical)

{horizontal)

(5-22)

{5-23)
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5.5.3 PMIS Radome LoSs EXxors

Since the waveguide loss is subsumed within the antenna
loss for PMIS, (3-4) reduces to

T, - Tg
R " T T T (L. = 1) - L. (5-24)
g T Tally ATR

1. Random Error

It can be demonstrated that random fluctuations in the
brightness temperature have a negligible effect on (5-24) in

comparison to the contribution from the noise on L, as computed

A
from (5-18). Also, random f£luctuations in the sky temperature

and the radome temperature have a negligible effect on LR. Thus,

carrying out the indicated cperations of (5-7), using (5-24),

T -

o, * R g ar (5-25)
- 1

R (TA TB)LA A

which, under typical conditions, reduces to

(5-26)

2, BSystematic Error

It may likewise be shown that the systematic error in Ly,

is, under typical conditions, given by

ALy = 0.6 AL, (5-27)
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3. Total Uncertainty

It follows from (5-26) and (5-27) that the total uncertainty
in the radome loss is

i, (5-28)

which, using (5-23), yields

i+

0.014 (vertical)
e = (5-29)
R + 0.039 (horizontal)

5.6 Effect of BErrors in LA' LR on PMIS User

What is the significance of these errors in the measured
values from the viewpoint of the PMIS data user? In flight,
the antenna may be viewing a ground target or possibly a sky
target; furthermore, it is covered by a radome so that (5-24)
holds, except that TS
brightness temperature, and it is TS that the user wishes to
from (5-24),

now represents the target (or scene)

measure. Solving for Tg

TS = LALRTé - LR(LA - l)TA - (LR - l)TR (5-30)

5.6.1 Random Errors

Even tnough there were random errors in the measured values
of LA-and LR, the values themselves do not fluctuate. Thus, we
may say that we know these values only to a certain precision.
However, there is an appreciable random noise-caused error in
Té (more commonly known as the receiver sensitivity), typically
1 K over a short period of time. Long-term receiver instability
may cause this value to become much higher over a period of
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g2

hours, Fluctuations in Ty and Ty are negligible. Applying (5~7) ,

to (5-30), the variance in the source brightness temperature is

2 _ g2 2 _ _ o 122 i
T, = (L (Ty = TR)1 7oy 4 [Ty = (B - 1Ty = Teltop |

2 2
+ (LALR) GTB

)

(5-31)
Agsuming a source brightness temperature of 200 X, antenna and
radome temperatures of 288 K and 293 K respectively and antenna
and radome losses of 1.684 and 1.100, the uncorrected brightness
temperature Té would be 241 K. The corresponding variances are

2 (0.010)2 vertical
.. * 2
A (0.027) horizontal
5 (1)2 vertical
T = 2 {5-32)
B (1) horizontal
2 (0.006)2 vertical
°n, 2
R (0.016) horizontal
Svbstituting these figures into (5~31), .
2 0.94 + 0.25 + 3.43 (vertical) :
o = (5-33) :
s 1.95 + 1.81 + 3.43 (horizontal) j
antenna radome receiver ;
loss loss noise {
imprecision  imprecision
or
[ 2.2 K (vertical)
Op = 1 (5-34)
=] 2.7 K (horizontal}
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These values specify the precision with which a measured source
brightness temperature may be quoted. They are larger than the
receiver noise related system sensitivity because of the
imprecision of the loss numbers. If the statistical fluctuations
in TS are assumed to be normally distributed, then there is a

probability of 68% that the measured value of T, will be within

S

+ o of the mean. If the random error in L, and L, were reduced

to zero, then o, = 1.9 K which is then the tangential sensitivity
S

of the radiometer system.

5.6.2 Systematic Errors

is
S
computed by using (5-6) and (5-30) in a worst case sense, yielding

-

The systematic error, or accuracy, associated with T

= - t - ' -
ATg = |Lp(T, -~ TL)|aL, + [T (=T, + TL) + (T, To) |ALg
T -—
+ LnLpATL (5-35)

The accuracies involved are

AL, = % 0.012

ALy = + 0.007 (5-36)
] —_

ATL =+ LK

so that, using the same constants as before,

ATS = + [0.62 + 0.59 + 1.85 i (5~37)
\———,—-——J\.———F—-—J\—q—-——"
antenna radome receiver
loss loss calibration

inaccuracy inaccuracy inaccuracy

S
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or

ATg = + 3 K (5-39)

This means that the measured source brightness mean temperature
TS is within + 3 K of the true value.

5.6.3 Total Uncertainty

The total uncertainty in T_. is found by adding the random

S
and systematic errors, i.e.,
ETS =+ ([aTg] + oqg) (5~40)
or
5.2 K (vertical)
ep =+ (5-41)

s ~ | 5.7K {horizontal)

e

e
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CHAPTER VI

MFMR LOSS MEASUREMENTS

6.0 INTRODUCTION

The MFMR operates at L-Band (1.4135 GHz), Ku—Band (18.0 GHz),
K-Band {22.05 GHz) and Ka—Band (37.0 GHz) with fixed beam
antennas so that radiometric profiles in the flight direction are
provided. The L-Band antenna is a linearly polarized stripline
array, manufactured by AIL, with a 16° beamwidth and a beam
efficiency of 95%. In order to obtain both vertically and
horizontally components of incident radiation at L-Band, the
entire antenna assembly is mechanically rotated through a roll
angle of 90°, The K, Ku' and Ka—Band antennas are dual-polarized
scalar horns, with simultaneous vertical and horizontal outputs
to two radiometer channels for each band. 3 dB beamwidths are
4,0° at Ku' 4.3° at K and 4.5° at Ka-Bands. The seven channels
all use Hach [l1968] radiometers with 100 wms integration times
(in flight) and bandwidths of 27, 200, 200 and 500 MHz at L, Ku,

K and Ka—Bands respectively. Radiometric outputs and housekeeping
data are all PCM encoded in a similar format to that used by
PMIS.

All antennas and radiometers are mounted on a positioning
ring so that both roll (0° or 90°) or pitch (0° to 180°) motions

are mechanically controlled.

6.1 Mounting Configuraticn

Fig. 2-18 shows the MFMR on the antenna positioner and tower
inside the bucket. Iuring the measurement sequence, the .antenna
positioner was set to compensate for MFMR pitch motions so that

the beam was always pointing toward zenith. However, this caused
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the position of the antennas relative to the bucket walls to
change considerably, as shown in Fig. 2-7, with the antennas
being very close to the top of the bucket when the pitch was
90°. It will be shown later that this displacement had no
measurable effect on the loss values.

In flight, microwave absorber is placed on the ailrcratft
bulkhead for two principal reasons: (1) the L-Band array is so
close to the bulkhead for a pitch of 0° that mutual coupling
between antenna and radome via bulkhead reflections must be
eliminated, and (2) when the Ku' X and Ka—Band horns are pointing
skyward and viewing a cold and constant sky, considerable radio-
metric variations may occur in flight due to the backlobes viewing
a variable terrain brightness temperature, unless this effect is
artifically removed by causing the sidelobes and backlcobes to view
a relatively hot absorbing bulkhead. The absorber used is Emerson
and Cuming flat Eccosorb, tuned for use at L-Band.

In testing at A-Mtn, however, the Eccosorb was not furnished
and PSL used its own available absorber, the pyramidal material
seen in Fig. 2-18. Unfortunately, this absorber is designed for
use at X-Band and above and is essentially transparent at L-Band.
The result is that all L-Band tests were with a non-absorbing
bulkhead and thus did not simulate flight conditions. This
situation will be discussed in detail in Sec. 6.5.4.

6.2 Radiometer Receiver Calibration

Each of the seven radiometer receivers was calibrated by the
use of laboratory standard hot loads and cold loads. From (5-1),
letting Téi = (Th,Tc) and solving 2 simultaneous eqns. for the
2 unknown calibration constants.

T, = Tcih _ ihxc (6-1)
h c
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AT = m—re— {(6-2)

where X refers to the count ratio (see eqgn. 5-2) and the sub-
scripts h and ¢ refer to hot and cold.

During the testing phase, laboratory calibrations were done
twice: (1) at the beginning of the MFMR tests on Feb. 8, 1975
and (2) at the end of the MFMR tests on Feb. 21, 1975. Table 6-1
and Fiy. 6~1 compare these constants over this period of time.

No final calibration at X-Band was possible since the receiver
failed during the intervening time.

calibration e

D Table 6-1

{] MFMR Laboratory Calibration Summary

[] Initial Cal. (2-8-75) Final Cal. (2-21-75)
Band Ty (R) AT (R) Ty (K) AT (K)

P

| K,~1 329,87 -54.24 325.51% ~54.,48%

F Ku—Z 327.65 -54,22 323.11* -55,39%

L Ka—l 330.57 -58.73 330.25 -58.17

[ R, -2 '331.14 ~60.02 331.05 -59.89
K-1 329,64 -56.67 k& *k

L K-2 328.61 ~50.20 *H e

r L 1323.33 ~51.15 323.84 -50.93

' NOTES: .

t * Final'Ku-Band calibration may be slightly'inaCCurate since

there was insufficient equipment warmup time.
tj ** K-Band receiver was not operating at the time of final
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Fig. 6-1. MFMR calibration history.
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6.3 MFMR Data Flow

Loss values were measured at roll angles of 0° and 80° for
the following pitch angles: 0°, 5°¢, 10°, 15°, 20°, 25°, 30°, 35°,
‘g°, 45°, 50°, 60°, 70°, 80°, 90°, 100°, 1l1l0°, 120°, 130°, 140°,
150°, 1le0°, 165°, 170°, 175° and 180°. 1In f£light, a 0° pitch
angle has all antenna beams directed toward nadir, with the L-Band
array nearest the bulkhead and the horns nearest the radome nose.
A 180° pitch angle corresponds to the zenith direction, with the
horns nearest the bulkhead and the L-Band array nearest the nose.

This arrangement thus requires 364 antenna loss measurements
plus 364 more for each of the two radomes supplied, giving a total
of 1092 measurements required. Most of these loss values were
measured independently twice (and subsequently averaged), so that
roughly 2000 measured values were processed.

Due to an unforeseen interaction between the L-Band antenna
and the radome, the radome loss values measured at that frequency
are not valid, although an approximate value of LR = 1.09
{(independent of pitch angle) can be used. This is discussed in

detail in Sec. 6.6.

Antenna and radome loss values were calculated by the use
of egns. (3-2) and (3-4), with the sky brightness temperature
(TS) estimated using the algorithm discussed in Chap. 4. The
uncorrected brightness temperature Té measured for each beam
position was a l-minute average. The 100 ms. integration time
rms noise level (std. deviation) was mcnitored for each channel
and a threshold, receiver sensitivity level of 6 K was established.
This corresponds to a sensitivity of 0.25 K when referred to a
l-minute integration time. T! values noisier than this were

B
discarded.
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6.4 MFMR Antenna and Radome Loss Values (Ku, X, Ka-Bands)

The 980 f£inal loss values, as derived by this technique, are
tabulated in Tables 6-2, 6-3 and 6-4. The antenna loss values
are plotted vs. pitch angle in Figs. 6-2, 6-3 and 6-4. Cor-
responding radome loss values for both radomes are plotted in
Figs. 6-5 - 6-10.

All of these loss measurements were made with PSL-furnished
absorber in place on the bulkhead. The rise in L, as the pitch
angle approaches 180° (for a roll of 0°) is dus to an increasing
contribution to the apparent source brightness distribution T,
as the horns come closer to the hot absorbing material. For a
roll of 90°, this distance change with pitch angle is much less
so that the effect is less pronounced. Radome lossss are generally
higher near 0° or 180° for a roll of 0° and are ogcasionally
guite high from 170° - 180° since the antennas are looking
straight up and into the radome fairing-bulkhead interface, with
the resulting likelihood of strong mutual coupling.

It should be emphasized that the jagged nature of the loss
graphs for LR is not due to errors in the measurement method,
since these values were easily repeatable from one measurement
set to the next under identical circumstances. Rather, this
behavior stems from either resonant scattering between the horns
and radome or resonant thickness effects (especially at KawBand)
of the radome material.

6.5 Interaction Mechanisms between the MFMR Horns and the
Alrcraft Bulkhead

6.5,1 Introduction

As mentioned previously, it was observed that the antenna
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Table 6-2
MFMR
ANTENNA 10SS (L,)
ROLL = 0° ROLL = 90°
PITCH L K-l K-2 K1 K-2 R,-1 K, -2 L K-l K2 k-1 K2 K-l K2
0® | 1.365 1.123 1,119 1.096  1.082 1,126 1.111 [} 3.369  1.136 1.140 1.105 1.098 1.129 1.114
52 1 1,366  1.122 1.119 1.092% 1.080% 1.123 1.110 [} 2.365  1.135 1.141 1.104% 1.008% 1.128 1.113
10° { 1.365  1.122 1,118 1.086  1.078 1.123 1,111 |[ 1.363  1.136 1.139 1.103 1.098 1.129 1.113
157 | 1.366  1.122 1.118 1.085% 1,077% 1.121 1,109 [ 2.362  1.136 1.1<1 1.103* 1.098% 1,129 1.114
20° | 1.363  1.122 1.117 1.083  1.077 1.122 1.109 | 1.362  1.136 1.142 1.102 1.098 1.126 1.113
25° 1 1.363  1.122 1.117 1.083% 1.078% 1.122 1.109 |[ 1.363  1.137 1.142 1.102% 1.097% 1.130 1.115
30° | 1.361  1.122 1.117 1.083  1.078 1.122 1.110 |[1.362  1.138 1.143 1.102 1.096 1.130 1.115
35° | 1.361  1.123 1,118 1.087% 1.081% 1.122 1,110 | 1.363  1.140 1.144 1.100% 1.005% 1,130 1.115
40° | 1.362 1,123 1.118 1.089% 1.082% 1.121 1.109 || 1.363 1,141 1.144 1.099% 1.004% 1.131 1.116
459 1 1.361  1.125 1.119 1.0B9% 1.084% 1.122 1,109 || 1.364  1.141 1.144 1.008% 2,092% 1.131 1.117
50° | 1.362  1.127 1.121 1.091% 1.086% 1,122 1.110 |[ 1.363  1.143 1.146 1.097% 1.082% 1.132 1.117
60° | 1.360  1.135 1,129 1.004% 1.089% 1.125 1,113 {1.365 1.145 1.146 1.096% 1.090% 1.133 1.120
70° | 1.360  2.142 1.134 1.098% 1.092% 1,127 1.115 |[1.365  1.147 1.148 1.094% 1.089% 1.135 1.121
§0° | 1.361  1.150 1.143 1.201% 1.096* 1,131 1.119 || 1.367  1.146 1,148 1.092% 1.088% 1.136 1.122
90° | 1.360  1.159 1,153 1,103  1.097 1.133 1,121 [| 1.367 1.146 1.148 1.090 1.087  .137 1.123
100° | 1.360  1.168 1,162 1,108+ 1.102% 1.137 1,127 || 1.368  12.145 1.147 1.089% 1.085% .137 1.124
110° | 1.360  1.175 1.168 1.111%# 1.105% 1.141 1.130 || 1.367  1.142 1.145 1.088% 1.084% 1.139 1.125
120° | 1.360  1.185 1.175 1.114* 1.109% 1,144 1,133 || 1.362  1.138 1.143 1.087% 1.082% 1.138 1.12
130° | 1.360  1.192 1.181 1.118% 1,111% 1.146 1,136 [|1.365  1.135 1.141 1.085% 1.080% 1,140 1.126
140° | 1.360  1.197 1.187 1.121*% 1.115% 1.149 1.139 || 21.362  1.133 1.139 1.083*% 1.079% 1.141 1.126
150° | 1.361  1.201 1.193 1.123  1.116 1.150 1.141 || 2.365  1.131 1.138 1.081 1.077 1.141 1.127
160° | 1.362  1.204 1.198 1,132  1.124 1.156 1.147 |[1.365  1.131 1.139 1.082 1,076 1.147 1.131
165° | 1.362  1.206 1.201 1.133% 1.125% 1,160 1.150 || 1.366  1.133 1.141 1.083' 1.078% 1.151 1.135
170° | 1.363  1.211 1.204 1,135% 1.126 1.164 1.154 || 1.367  1.134 1.143 1.084 1.080 1.156 1.140
175° | 1.365  1.216 1.206 1.136  1.127 1.167 1.156 {[1.372  1.136 21.144 1.085 1.079 1,159 - 1.144
180° | 1.366  1.228 1.219 =—wem  em—em 1,173 1.160 |} 1.376  1.138 1.147 —=--= ————  1.163 1.148

*Interpolated Data

16



Table 6-3

MFMR :
RADOME 1 LOSS (LR)

Q

ROLL = 0O ROLI = 80
.Ku-l Ku-2 K-1 K-2 Ka-l Ka~2 ?u-l Kh-2 k-1 R-2 Ka~1 Ka~2
1.458 1.300 1,221 1.217  1.548 1.521 1.172 i.isl 1.370 1.293 1.539 1,574
1.403 1.276 1.204 1,198 1.535 1.512 1.170 1.160 1.245 1.212 1.568 1,591
1.3646 1.252 1.205 1.1%0 1.538 1.531 1.169 1,160 1.244 1.213 1.561 1.578
1.350 1.242 1.191 1.176  1.543  1.549 1.173 1,159 1.248 1.223 1.5359 1.555°
1.325 1.234 1,198 1.183 1,522 1.536 1.173 1.161 1.246 1.220 1.566 1.545
1.298 1.223 1.226 1.208 1.495 1.504 1.173 1.l62 1.221 1,199 1.566 1.536
1.274 1.216 1.232 1,212 1.503 1.527 1.180 1.165 1.216 1.193 1.566 1.530
1,246 1.208 1.205 1.185 1.513  1.542 1,192 1.170 1.207 1.187 1.539 1.512:
1.240 1.206 1.201% 1.182% 1.486 1.512 1.198 1.176  1.202% 1.183% 1,482 1.463
1.230 1.1%4 1.198% 1.178% 1.477 1.506 1.232 1.184 1.197% 1.178% 1.483 1.458
1.222 1.186 1.194%  1.175% 1,472 1,496 1,205 1.181  1.192% 1.174% 1.474 1.450
1.214 1,177 1.191% 1.171% 1,502 1,518 1.192 1.174  1.186% 1.169% 1.494 1.481
1,214 1.3193 1.187% 1.168% 1,450 1,466 1,195 1.186 1.181% 1.165% 1.463 1.440
1.217 1.209 1.184% 1.164*% 1.478 1.487 1.206 1.204 1.176% 1.160% 1.468 1.434
1.215 1.207 1.180 1.161 1.454 1.461 1,189 1,175 1.171 1.156 1.449 1.436
1.211 1.204 1.189% 1.170*% 1,426 1.429 1.193 3,177 1.178% 1.161* 1.435 1.425
1.206 1.199 1.196% 1.179% 1.412 1.414 1,207 1.188 1.184% 1,166% 1.420 1.413
1.202 :.194 1.205% 1.180% 1.338 1.340 1.195 1.176 1.191% 1,17k% 1.338 1.342
1.208 1.198 1.214% 1.198% 1,354 1.359 1.171 1.160 1.198% 1.175% 1,331 1.332
1.214 1.205 1.223*% 1.,207% 1.3357 1.360 1.163 1.156 1.204% 1.180% 1.345 1.342
1.207 1.205 1.234 1,216 1.362 1.359 1,165 1,156 1.211 1.185 1.367 1.364
1.292 1.278 1.342 1.325 1.440 1,460 1,177 1.163 1.271 1.244 1.401 1;355
1.378 1.359 1.420 1.419 1.486 1.534 1.190 1.172 1.383 1.346 1.409 1.381
1.379 1.388 1.446 1.419 1.552 1.582 1.195 1.175 1.417 1.376 1.445 1.406
1.412 1.416 1.620 1.595 1.683 1.770 1.252 1.209 1.528 1.463 1,791 1.698
1.366 1.323 ————- ——-— 1,838 1.922 6.880 6.605 ———we e D.473 10.551

*Interpolated Data

L-Band data missing because of mutual interact ion effects between radome

and antenna.
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Table 6-4

MPMR
RADDME 2 L0SS (L,

S8
=
]

5
&
Ee
H

‘ ROLL = 0° ROLL = 90°
K-l K2 B=1" k-2 K-l K2 L I k-1  R-2 K-l K2
1,536 1.357 1.241 1,228 1.520 1.454 1.220 1.195 1.287 1.224 1.480 1.537
1.475 1.329 1,228  1.216 1.577 1.517 1.214 1,193 1.217 1,188 1.463 1.509
1.426 1.290 1.231  1.208 1.601 1.566 1.207 1.187 1,228 1,188 1.478 1.511
1.408 1.280 1.230  1.207 1.595 1.575 1.194 1.182  1.23% 1,213 1.405 1,513
1.394 1.278 1.232 1,208 1.571 1.560 1.185 1.177 1.237 1.211 1.484 1.495
1.367 1,263 1.219 1,199 1.544 1.545 1.180 1.178 1.237 1.211 1.487 1.478
1.339 1,250 1.212 1,194 1.547 1.559 1.180 1.176 1.236 1,210 1.486 . 1.469
1.301 1.237 1,210 1,191 1.531 1.543 1.185 1.180 1.229 1,206 1.486 1.467
1.291 1.239 1.214  1.198 1.560 1.571 1.191% 1.185% 1,223% 1.202% 3,481% 1,463%
1.278 1.229 1,189  1.174 1.515 1.519 1.197% 1.190% 1,218% 1.199% 1.476% 1.460%
1,229 1.194 1.153 1,138 1.482 1.487 1,203% 1.195% 1,212% 1,195% 1.471% 1.456%
1.229 1,234 1.157  1.142 1.459 1.461 1.208% 1,200% 1,206% 1.192% 1.465% 1.452%
1.235 2,225 1.162  1.146 1.502 1.504 1.214% 1,205% 1.200% 1,188% 1.460% 1.448%
1.239 1.231 1,171 3,156 1.463  1.460 1.220% 1.210% 1,195% 1,185% 1.455% 1.445%
1.248 1,240 1.205  1.192 1.457 1.452 1.226 1.215 1.189° 1.181 1.450 1.441
1,250 1.243 1.205  1.199 1.479 1,468 1.223% 1.212% 1.193% 1.182% 1.450% 1.440%
1.249 1.245 1.199  1.183 1.508 1,523 1,220% 1.209% 1.195% 1.183% 1,450% 1.439%
1.253 1.246 1.211  1.180 1.522 1.527 1.217% 1.206% 1,199% 1.184% -1.451% 1.438%
1.265 1,256 1.21%9 1,185 1.516 1.518 1.2146% 1,202% 1,202% 1.184% 1.451% 1.437%
1,237 1.230 1.186  1.173  1.425 1.447 1.211% 1,100% 1,206% 1,185% 1.452% 1.436%
1,232 1.235 1.197 1,189 1.402 1.419 1.208 1.196 1.212 1.186 1.452 1.435
1.280 1,279 31.306  1.299 1.492 1,546 1.222 1,202 1,243 1,220 1.436 1.397
1.345 1,358 1.432  1.435 1.451 1.490 1.228 1.205 1,287 1.254 1,393 1.366
1.377 1.406 1.504  1.511 1.427 1.489 1.238 1.209 1.294 1.263 1.468 1.403
1.418 1.469 1.749  1.766 1,577 1.664 1.282 1.254 1.411 1.346 1.885 1.720
1.350 1.422 1,713  1.738 1.6%0 1.774 1.319 1.290 1.313 1,261 1.924  1.879

*Interpolated Data

I1-Band data missing because of mutual interaction effects between radome and antenna.
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loss Ly at L -Band (and to a lesser extent, at K and K -Bands)
rose monotonlcally with pitch angle 1ncrea51ng beyond 60° (when
the roll was 0°) when the absorber was in place con the mockup
bulkhead of the aircraft. When the absorber was removed, the
antenna loss was essentially independent of pitch angle both

at Ku and Ka-bands (no measurement at K-~Band were made without
absorber). It is the intention of Sec. 6.5 tc show a mechanism
of interaction between the bulkhead and the horn and to suggest
further measurements which could improve the accuracy of the loss
numbers applied to use in the operational situation on the P-3
aircraft. Comments are restricted mostly to the Ku-Band horn,

but the approach can be generalized.

6.5.2 Near-field Patterns of Circular Horns

Assuming the scalar Ku-Band horn has 25 dB sidelobes, the
circular Taylor distributions for near-field given by Hansen [1964]
for a 10 wavelength diameter aperture can be used by rescaling
to the diameter of the Ku—Band horn (36 cm). Pig. 15 (p. 29) of
Hansen lists several field patterns for a 10X diameter horn in
free space. Let R be the distance to field point from the horn
phase center (taken to e in the center of the mouth of the horn).

Hansen defines A = ? and plots field patterns for A = 0.0375,
2D%/ A

0.05, 0.075, 0,125, 0.25 and ». We are interested in the smallest
two of these. #ig, 6-11 is a general plot of the power pattern
(dB) for A = 0.0375 (R = 58 cm., 0.05 (79 cm.) and « {(far-~field)
with the abscissa X = ka sin 6 = 3% sin 8 = 10x sin 6. Since

the Ku—Band horn has a diameter of 21.7x» at 18 GHz, Fig. 6-11

can be rescaled to this diameter, producing the graph of Fig. 6-12,

According to Hansen, a typical circular Taylor design would require
a monotonic aperture distribution with the power density at the
edge of the horn .own about 8 dB from its value on axis. This
produces the aperture distribution curve at a radius of 18 cm

shown in Fig. 6-12.
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The on-axis power density oscillates with distance from the
phase center, assumed here to be at or very near the horn mouth.
Fig. 6-13 is extrapolated from Hansen's data and plots the on-
axis power in dB vs. distance. The variation out to about 200 cm
is + 1 dB and can be seen to fluctuate most rapidly out to 50 cm
from the horn. Beyond about 175 cm, the l/Rz far-field behavior
begins to predominate.

6.5.3 Geometry of Horn Relative to Bulkhead

Fig. 6-14 shows the geometrical relationship of the horn
relative to the absorber-covered bulkhead, for pitch angles of
180° (when horn is looking at zenith) and at 100° (slightly up
from the aircraft flight vector). The distance from the horn
phase center varies from about 38 cm (closest approach at 6 = 180°)
to about 81 cm (farthest approach at 6 = 70°) so that the near
field pattern evaluated at the distance to the absorber must be a
function of angle from horn axis as well as radius. To a first
approximation, all near field patterns have the same on-axis gain

level, and can therefore be normalized to 0 dB.

6.5.4 Contribution of Absorber to Brightness Temperature

The near-field curves of Fig. 6-12 make two assumptions:

1) The horn is in free space
2} Edge diffracted rays are negligible

In reality, however, the horn is near a number of metallic surfaces,
some of them very close. Furthermore, the approximate -8 dB

edge taper introduces the possibility of strong near-field inter-
action between the horn and the mounting ring, L-Band antenna and
receiver enclosures. It has been shown in a series of papers hy
Peters, et. al. [1966, 1975] that a Fcourier transformation of an
aperture distribution which is assumed to be zero outside the
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aperture of a horn (i.e., neglecting induced line sources at the
horn edges) is satisfactory to predict the far-field shape of
the main beam and the first few sidelobes, but fails to predict
the level and structure of the far sidelobes and backlobes,
either in the E-plane or in the H-plane. Typically, aperture
integration methods which neglect the geometrically-diffracted
rays from the edge give good agreement with measured results

out to about 5 or 6 times the HPBW, when in the far field.

Thus, in the near-field, a similar behavior can be expected
so that the patterns of Fig. 6-12 may be considerably broadex
below about -20 dB, than shown. In addition, the in situ patterns
may exhibit considerable asymmefry.

Can this near-field perturbed behavior, including edge
diffracted rays, contribute to an increased antenna brightness
temperature resulting from the 290 XK absorbing wall? The answer
is yes, and that it can be explained in terms of a broadened

near-zone pattern behavior. The antenna brightness temperature
is given by

Il—'

T, =

)

= J]ﬁ TB(3r¢)G(3r¢) dq (6-3)
dg

where Ty is the source brightness temperature distribution
(consisting of both the sky temperature and absorber temperature),
G is the antenna gaiﬁ pattern, and dQ = sin o6 d8 d¢ in a spherical
coordinate system. This formula does not explicitly consider

the distance from the antenna to the radiating surface. Normally,
in the far-field, G(06,¢) is independent of distance R from the
antenna. However, in the near-field, the gain is a strong
function of distance, i.e.

G =Gi6,¢, R(B,¢)] (6-4)
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as shown in PFigs. 6-11 and 6-12. A rough approximation to the
K ,-Band Brightness distribution (in the bucket) is shown in

Fig. 6-15. Also shown are the far-field and estimated near-
field patterns of the Ku-Band horns, when the horn axis is at a
pitch angle of 100° and a roll of 0°. In this situation, the
phase center of the horn is approximately 71 cm from the nearest
approach of the absorber. Edge diffraction from the horn and
interaction with the adjacent Ka and K-Band horns and the L-Band
array may appreciably broaden and distort the near-field patterns
from those shown in Fig. 6~12, leading to the dashed pattern
(estimated) shown in Fig. 6-~15 (top).

Danoting the pitch angle of the horn axis as 0,s €qn. (L)
may be rewritten more explicitly as

T (0,) = - J]. T, (6',8")G(8 _~ ¢',9_ =¢) sin 6" do' dy' (6-5)
47
where the roll position is ¢o (¢O = (0°,90°) and {(6',¢') are the
(pitch, roll) angles measured from the main beam position. This
is recognized as the familiar convolution integral, and leads to
an antenna temperature profile of the form shown in Fig. 6-15
(bottom). No scale units are placed on the ordinate since the
function G(eO - a', ¢y ~ ¢') is not known exactly enough to carry
out the integration in (6~5). However, the gradual rise of the
antenna temperature from 90° to 180° is due to the increasing
contribution from the relatively hot absorber as 8, is increased.

If the shape of the absorbing surface or its distance to the
horn R(ao, ¢0) is changed by only a few cm, the near-field
pattern of the horn can change appreciably so that the slope
ar, |
T in the near-zenith region (Fig. 6-15) may likewise change.

o
Thus it is of considerable importance that the mockup aircraft
bulkhead be as faithful a replica of the actual aircraft bulkhead
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as possible, especially when the "calibrated" antenna is to be
used for near=-~zenith observation.

When the absorber is removed, however, this critical relation-
ship no longer exists and the antenna loss becomes nearly independ-
ent of pitch angle, as shown in Fig. 6~16 for Channel 1 at Ku—Band.
Similar behavior was cobserved at Ka-Band; no data without absorber
was available at K-Band since the receiver failed during that
measurement seguence.

6.5.5 Conclusions

When the absorber is used on the aircraft buikhead, the MFMR
Ku, K and K~Band loss values (both antenna and radome) measured
at A-Mountain in February, 1975 are of questionable wvalidity
since the mockup and abesorber used differ from the operational
configuration. The complex nature of the interaction between
the horn antennas, the sky temperature and the absorber temperature

make it almost insuperably difficult to calculate the slope of
dL
the antenna loss Eﬁé and therefore the values of radome loss.
o)

Future measurements should be taken with a much better bulkhead
replica and should use the same absorber type and shape used
in flight.

6.6 MFMR Antenna and Radome Loss Values (I,~Band)

Table 6-1 lists the antenna loss values for the AIL L-Band
antenna and shows that the loss (-1.34 dB) is essentially independ-
ent of pitch or roll so long as there is no radome present or
L-~Band absorber on the bulkhead.

The fact that the X-Band absorber has no effect at L-Band is
illustrated in Fig. 6-17 for LA measured values, both with and
without absorber.
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It was found that this non-absorbing bulkhead produced a
strong interaction between the L-Band antenna and the radome
because of multiple internal reflections off the bulkhead. This
effect is clearly evident in Fig. 6-18 where the uncorrected
brightness temperature is plotted vs. pitch angle, both for
radome (#2) on and off. When Té (radcme on) euceeds Té
{radome off), the radome loss is greater than unity, but other-
wise (0° < 8, < 5°; 90° < 8, < 165°) the radome loss would appear
to be less than unity, an absurd result. Moreover, it is clear
that the radome loss at L-Band should be essentially independent
of pitch angle CA The game effect is observed for the Aerojet
L-Band array, as shown in Fig. 6-19, although the radome on N
temperature is consistently higher than the radome off temperature.
This unstable behavior is again caused by internal scatter by the
radome and is further evidenced in Fig. 6-20 where the VSWR of the
Aerojet L~-Band array is compared for both radome on and radome
off. The peak mismatch ate O=5° agrees with the peak in Té at
e°=5° in Pig. 6-19.

A partial correction of TB' due to the mismatch loss can be
made even though it is not sufficient to describe the more general
effect of redistributed antenna currents on the array. Thus, the

radome loss would be estimated by

Ton [1 ~ lronlz ]

I = =
1= |r

R T o¢ 2 (6-6)
off
where Ton and Toff refer to the curves of Fig. 6-19 and the brack-
eted quantity is the mismatch loss correction. |[I']| is the
magnitude of the voltage reflection coefficient and is related

to the VSWR curves of Fig. 6-20 by

_VSBWR - 1
ITl = R+ T (6-7)

After LR is computed for all pitch angles B, and averaged, a value
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Lp = 1.09 (0.38 dB) (6-8)
is obtained. It is suggested that this figure be used until new
loss measurements (with a good L~Band absorber) become available.

Since L-Band Eccosorb is being used in flight and must
certainly contribute to the apparent source temperature, it is
clear that this loss component was excluded from these measurements
and that the LA values in Table 6-1 for L-Band are too low.
Furthermore, LA (with absorber in place) would become even higher
as 60+0° and the near-zone antenna pattern begins to intercept

the absorber.

6.7 MFMR Error Budgeh

The general theory follows that used for PMIS, as discussed
in Sec. 5.5.1.

l. Random Error

It can be shown that the standard deviations of the antenna

and radome losses are given by

_ (T, = Tg)Ly
’L, - —3 g (6-9)
A [TA + TW(LW - 1) - LWTB] B
and
op o (Tg = Tglly op  (6-10)
R B

) 2
[TR + TA(LA - 1) + TWLA(LW - 1) = LALWTBI

Under typical circumstances at K,r Ks and K-Bands, TS = 13 X,

T, = 288 K, Ty = 290 K, Té = 42 K, Opg = 0.25 K, Ly = 1.05,
Ly = 1.065 and Lp = 1.30. Using these values in (6-9) and (6-10),




- | N | - 1

4 —

g = g = 0,001
ba Ip

2. Systematic Error

120

(6-11)

Systematic errors in the antenna loss arise primarily f£rom

inaccuracies in (1) the apparent sky temperature, AT and (2) the

receiver calibration, AT!. Systematic errors in the radome loss

B

arise from not only AT and AT! but in addition, any systematic

B

error AL, in the antenna loss. The worst case systematic errors

A
may be calculated from
L L
A alw
AL, = —————e—— AT + AT
A TA Ts s DA B
and
AL, = L AT 4+ L L L AT! 4+ L_D_ AL
R DR s RFA"™W B R"A™A
where
= - — 1
DA TA + TW(LW 1) LWTB

|

f— - - - 1
DR TR + TA(LA 1) + TWLA(LW 1) LALWTB
Using the assumed constants in 6.7.1-1,

ALA

]
0.0804 ATS + 0,004 ATB

and

AL 0.004 ATS + 0.005 ATé + AL

A

(6-12)

(6-13)

(6-14)

(6-15)

(6-16)

{6-17)
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The accuracy of the receiver calibration, ATﬁ, is related to
the calibration of the reference hot and cold loads and again
it is assumed that
ATé =+ 1K (6~18)

The accuracy of the apparent sky temperature, ATy depends not
only on the adequacy of the Paris model for estimating the sky
noise component, but also it depends very critically on the
fidelity of the aircraft bulkhead mockup and its absorber geometry.
Table 4-2 lists the systematic error in the sky noise component.
However, there is apparently no way of estimating the systematic
error due to the poor replication of the aircraft bulkhead
environment in the mockup furnished. This becomes particularly
critical at the pitch angles (0° - 20°, 160° - 180°) where good
loss data is most needed. It is easily conceivaple that a total
systematic error AT _ = + 10 K could be encountered in such a

N
3

circumstance, thus yielding

ALA =+ 0.04 (6-19)

ALp = + 0.09 (6=20)

as a possible systematic error.
This situation clearly leads to unacceptably high accuracy

errors in the brightness temperature and can be improved only
after a better replica of the aircraft bulkhead has been furnished.

N




122
. ] CHAPTER VII
BUCKET PERFORMANCE TESTS
- 7.0 INTRODUCTION
. Several questions arise when evaluating the performance of
T the bucket and this chapter discusses the most obvious of these,
b .9,
’* ] 1. Does antenna location change within the bucket affect
the observed brightness temperature?
2. How does one know that the effective emissivity of the
ﬂl - bucket doesn't change over a period of many months or years?
3. Does electromagnetic interference (EMI) affect operation
H] in the bucket?
[ 7.1 Effect of Antenna Location Change

—

It can be guice naturally suspected that the bucket, being
a partially closed metal box, might have resonances associated
with it. Clearly, as shown in Fig. 2-6, if the bucket is too

small there are observable effects on even the "lit zone" portion
of the antenna pattern.

- There is, however, clear evidence at L, Ku and Ka—Bands
;g that location change within the bucket has a negligible effect.
Figs. 7-1 and 7-2 compare the antenna loss vs. pitch angle at Ku—2

iJ and Ka-l-Bands, with and without absorber on the bulkhead. Two
N conclusions are immediate: (1) the rise in La with increasing eo
[ﬁ {(with absorber) is due to an increased noise contribution from the

absorber (see also Sec. 6.5) and (2) when there is no ahsorber
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on the bulkhead, the flat loss curve indicates that raising the
horns from a mid-bucket position (at Bo=0° or 180° as in Fig. 2-7)
to a position very high in the bucket has a negligible effect.

In early May, 1975 a similar experiment was conducted at
I~Band using the S-194 radiometer receiver and a standard gain
horn. The horn was connected to the receiver through about
6 m of flexible coaxial cable so that it could be easily positioned
at various locations within the bucket. The tests were conducted
in mid-afternoon so that the sun was radiometrically visible by
pointing the horn toward the southwest corner of the bucket.

Thus, some of the variation in Té was due to the sun intercepting
various portions of the antenna pattern.

Even under these adverse conditions, however, a movement
of the horn from near the kucket floor to near the top produced
only a 1.7 K change. Pointing the horn directly toward the
north wall of the bucket produced only a 3.9 K change.

It may be concluded that if the radiometer has a reasonably
low sidelobe level (say, below =25 dB), there is virtually no
dependence of the observed brightness temperature on antenna
location within the bucket.

7.2 Long-Term Bucket Emissivity Changes

It has been pointed out in Sec. 2.4.2 that from a theoretical
viewpoint even the most pessimistic of changes in the bucket
emissivity or shape would not be observable by any modern radiometer.

Nonetheless, certain baseline performance checks have been
made at X, Ku’ and Ka—Bands to produce an eventual verification
that the bucket characteristics are stable over a period of
months or years. The idea behind the verifiéation check is that
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if a calibrated radiometer in the bucket views a known source

temperature T then any change in the apparent loss L, would

s’ A
be due to a change in the emissivity or shape of the bucket.

7.2.1 X-Band Measurements

At X-Band, the sky temperature is typically 5 K and can be
calculated (using radiosonde data} to an accuracy of + 0.4 K. To
ensure that the antenna characteristics would not change, an
X-Band standard gain heorn (Scientific-Atlanta Model 21-8.4) was
used and was mounted on the centerline of the bucket with the
horn mouth 3/96 m above the floor, as shown in Pig. 7-3. The

E-plane was oriented east-west.

in order to bring the antenna brightness temperaﬁure within
the normal opzsrating range of the radiometer, an HP-Model X382
precision attenuator was inserted between the horn and the radio-
meter (the PMIS vertical channel was used). The attenuator was
set at 1.0, 1.2, 1.4 and 1.6 dB (four l-minute averages each)
and the corresponding values of Té noted (74.15, 82.78, 89.67,
and 97.87 K respectively). The sky temperature T, was 4,9 K on

the night of measurement (2-6-75)}, so that for the 1 dB setting,

T -7 .

= et = —
A TA TB 296 74

= 1.312 {1.18 dB) (7~-1)

which leaves 0.18 dB as the antenna loss of the X-Band horn.
Continuing in this fashion, the graph of Fig. 7-4 is obtained,

in which the uncorrected brightness temperature Té is plotted

vs. the total loss in dB. The measured points give a slope of
4.0 K/0.1 dB and the calculated slope {(obtained by adding 0.18 dB
to the attenuator setting and using Tsky = 4,9 K) gives

4.8 K/0.1 dB. The difference in slope may be attributed to using
the calibration constants Tl' AT outside of their 100 K - 200 K

intended range.



Tg
i
Standard Gain
Horn
H
Precision
Attenuator

Vertical Rx. -

=4

[us 208

]

Bucket calibration at X~Band.

LZT



e

(K

UNCORRECTED BRIGHTNESS TEMP. Tg

*110K §- .

Calculated, /
Assuming /
Tg= 49K

100K

N

/

/ y. Measured
90K yayo y
6 Average Slope = 4.0 K/0.1 dB

80K §- -
V,

L] § ) ]
.0 1.5 2.0
LOSS (dB)

Fig. 7-4. Loss (L) of horn antenna plus attenuator.

128



129

If the emissivity of the bucket were to degrade, then T, = kT

sky
where k (>l} is the degradation factor. The uncorrected
brightness temperature is then given (from 2-7) by
kT - T
T = sky A _
TB TA + T {7-2)

A

where all quantities except k are now known. It is straightforward

to show that a change of Ly

to 1.6 dB causes a change in ATé given by

{by attenuation setting) from 1.5 dB

T

ATl = _1%___;1_21{ {.033) (7-3)
L

A

where LA is the median wvalue, LA = 1.429. Therafore,

ATy (7-4)
For example, when Ty = 296 K (thermistor reading) and Tsxy = 4,9 K,
and assuming k = 1,

B

If, due to bucket corrosion, deformations, etc. k were to double,
then ATé = 4.6 K/0.1 dB. Extending this to a 1.0 dB change in

LA, a 1 K difference in slope would be observed.

Clearly, a change in bucket emissivity is indistinguishable

from a systematic error in T Therefore, it is imperative in

sky”

constructing a history of the bucket performance that Tsky be

accurately assessed from sounding data.
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7-2'32 L, K

a’ Ka-Band Measurements

Similnr bucket performance tests were conducted at L, Ku and
Ka—Bands except that a 183 cm diameter microwave absorbing disk
was suspended 6 m above the MFMR antenna assembly as shown in
FPig. 7-5. The purpose of the disk was to present a known hot
brightness temperature which subtended most of the antenna beam
solid angle [Kraus and Carver, 1974] and thereby reduce the
systematic error in the apparent sky brightness temperature. The
disk was held rigidly in place by a guadrupod arrangement of
four aluminum spars and the absorber temperature was averaged
from the readings of eight thermistors embedded at various
locations across the disk.

Five one-minute averages were recorded for each of the
five channels, with a pitch angle of 180° in all cases. The
roll angle was set to 0°, then to 180° and then back to 0°,
with the results as shown in Fig. 7-6. The sky temperatures
{2-18-75) at L, Ku and Ka—Bands were 4.3 X, 6.3 K and 11.1 K
respectively. The average disk temperature was 288.5 K. It is
clear that the high Té values indicate that the main beam of
each antenna was viewing primarily the disk and that errors in
Tsky would be of negligible importance in determining the
repeatability of the experiment.

However, the lack of repeatability of the Té in the two
measurements for a roll of 0° indicates that the mechanical
repositioning accuracy of the antennas was poor. The roll angle
settings were carried out using hand positioning of the ring
{by LEC/HASD personnel) and the lack of repeatability may have
been due to personnel fatigue and consequent carelessness or
it may have been an inherent problem in the MFMR positioning
system. Until this problem is corrected, it is not reasonable
to expect that these results can be repeated.
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UNCORRECTED BRIGHTNESS TEMP., Tg'

FREQUENCY PITCH = 180°, ROLL = Q° PITCH = 180°, ROLL = 90°
NO. 1 NO. 2
K,+CH. 1 174 9K 168.8K 221.9K
Ky -CH.2 176.6K 170.2K 223.3K
K, - CH. 1 191.1K 184.9K 197.9K
Kg -CH. 2 193.8K 187.2K 197.9K
L 188.1K 187.4K 181.9K

Fig. 7-6. L, K,» Ky bucket wverification tests.
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7.3 EMI

Systematic spectrum surveillance tests were conducted
throughout the VHF-UHF bands to identify and record interfering
RF signals that could possibly be detected by the radiometer
IF circuitry. These tests made use of the HP 8550 series
spectrum analyzer with various Yagi and log periodic antennas.
The antennas were placed in and near the bucket and were pointed
in different directions.

The only interfering signal that seemed to be correlated
with the radiometer output was a 150 MHz sporadically actuated
carrier from a state police repeater tower located approximately
600 m northeast of the bucket. This signal level occasionally
exceeded an input power level of ~20 dBm when a moderately
directive three-element Yagi was pointed directly toward the
repeater tower.

No power line interference or ignition noise was observable
at the radiometer output.
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APPENDIX

PMIS & MFMR RADIOMETER PROGRAMS

INTRODUCTIOR

Two separate sets of program procedures are given here: one for the PMIS
series of programs, and one for the MFMR series of programs. Although some
repetition is entailed, the procedures for both series are written as separate
modules, designed to be used independently of each other without cross-refer-

encing.

To facilitate use of the procedures, a reference index is provided for
each series of programs. The pagination style is a key to the series of pro-
grams (PMIS or MFMR), the program within the series (PMIS 1, PMIS 2, SKYTEMP
program used with PMIS data, ete.). For exampie: Pl,l denotes page 1 of the
PMIS 1 program procedures; PS.l is page ' of the SKYTEMP program as used in
the FPMIS seriess and, P3.1 is page 1 of PMIS 3 program procedures. In like
fashion, the prefix "M" indicates a page of the MFMR procedures writeup.
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PMIS PROGRAMS - REFERENCE INDEX

i1

Page No.'s
GENEFRAL P.1 - P.5
A. To load and execute System=7 PCM Program . . - « & » ¢ o » o Pol
B. Instructions of A., above, for newcomer to System-7 . . . . . F.la
C. Telemetry Playback comsole ~ sketch and power settimgs. . . « P.2
D, Comments om System—7 ProSram. + « o « « o s + « s = o s o« o o F.3
E. Example: printout from control typewriter, PMIS data rum. . . P.4
F. Notes on control typewriter printout
1. Explanation of LEImMS. + « « s o « =« o o = + o s » &« o « « Pu.D
2. "OVerflow". « ¢ . 4 ¢ s s 4 o 0 = 5 v o s 2 e s s s s e s P45
3. "Valid-Data-Flag DropP™. « o o o« = » © e = s o ¢ o « s » o Puby5
PMIS 1 PROGRAM Pl.l - P1.3
A, Card setup for running PMIS 1 on computer . . « « « « « ¢« « o PL.1
B. Discussion of PMIS 1 card setup
1, Phase 1 (PMIS 1).s « o « « « ¢ o s o « s = s o « o o o » o« PL.2Z
2. Phase 2 (PMIS 2). 4 « 4 =« o s s o = o o« s s = o o s o o +» Pl,2
3. Phase 3 (Job-Step Disk~Dump). « + « o o « o =« o s o « « » PL.2
C. Optional Control Cards - PMIS 1 (lst phase)
1. UPST card o+ « o « « « o = s s a2 & » o = o s a o o =« s « « P12
2. Disk Address card (as used in PMIS 1) = . « ¢« « =« &« o =« « PL.3
D. Optional Control Cards — PMIS 2 (2nd phase)
1. // EXEC EM03B card: Tl and AT cards + v« + « « =« o » = « « PL.3
PMIS 2 PROGRAM P2.1 - 92,7
A. PMIS 2 Program as 2nd phase of a PMIS 1 job setup
1. "PMIS 2 Card" output by PMIS 2, input to PMIS 3 . . . . . P2.1
2. Job-Step Disk-DUMP. o « o « = o s o « 2 o = « = = o o« o« « P2,2
B. PMIS 2 Program as single-phase, separate job
1. PMIS 2: separate job or 2nd phase treatment. . . « « « + PZ.3
2. Control cards: when optional, when mandatory . . . « « » P2.,3
C. Card setup for running PMIS 2 (separate job) on computer. . . P2.4
D. Coatrol cards
1. Tl and AT €a3Td. v « « = o o o « a o« o « o =« s o = s & « « P2.5
2., Disk Address card (as used in PMIS 2) . ¢« = ¢ ¢« « &« » « » P2.5
E. Notes on comwvenrsion to engineering units in PMIS 2 Program
1, Housekeeping data « « o« o o s o = « s« » « ¢« s =« ¢ = = o « P2,6
2. Uncorrected sky brightness temperature, T'p . « . - +» = « P2.,6
3. Standard deviation of uncorrected sky brightness
tEmPEraturE,ﬁT.-ncouo.--ccno-..-ou-92.6,7
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PMIS PROGRAMS - REFERENCE INDEX, cont'd

SKYTEMP PROGRAM

A. TInput data cards for SKYTEMP program

1. Header card, description and format . « « + o+ o ¢ & &

2. Pressure, temperature, dew point (PTD) cards -~ format
B. Card setup for runuing SKYTIEMP On COmMPULEY. + + « ¢ « = &
C. "SKYTEMP Card" output by SKYTEMP, input to PMIS 3 . . . .

PMIS 3 PROGRAM

A. Antenna loss factor, radome loss factor; computational

equations « « + s s 4 6 4 8 a4 r e s = s e e e s e e oo
B. Standard deviations: antenna loss, radome 1oSS. + ¢ + « &
C. Card setup for rumning PMIS 3 "Radome Is Off" om computer
D. Discussion: card setup for "Radome Is Off" job deck

1, Stacking data deck2 + « « ¢ « s o = ¢« ¢ o s s s a &
E. Control cards for "Radome Is Off" job deck

1. "Radome Is OfE" card. « « o o o o ¢ o o o s « o o o =

2. "BMIS 2 Card”" & + v ¢ o ¢ e« 4 s s v s e 4 2 s 8 s s

3, "SKYTEMP Cards" v ¢ ¢« ¢ ¢ = « o o o « o o ¢ 3 « = o &
F. Caxrd setup for running PMIS 3 "Radome Is On" job on

COMPULET. + o o s o = o s & s = s o s s s = = s o s s s o
G. Discussion: card setup for "Radome Is On" job deck

1. Stacking data decksS « o s o« « o o o = o ¢ 5 o = o o o
H. Control cards; "Radome Is On" card . . « « ¢ « o = & « &

iii

Page No,'s

P5.1 -~ PS.3

. PS5.1
. PS.1
. PS.2
. PS.3

P3-1 - P3o7

. P3,1
.’ P302
. P3.3
. P3.4
. P3.4
L] P3.4
» P3.5
. P3.6
- P3I7
- P3.7
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PROGRAM PROCEDURE TO REDUCE PMIS DATA TAPES

PRIOR TO LOADING THE SYSTEM-/ PCM PROGRAM:

PERFORM CHECKOUT OF ALL PCM HARDWARE AND TAPE(S).

TO LOAD AND EXECUTE THE SYSTEM-/ PROGRAM, PROCEED AS FOLLOWS:

(1)

(2)

3)

10

(5)

RUN U-ZERO TAPE (LOAD UNIT ADDRESS = X’0000°)

LOAD IPL PROGRAM FROM DISK (LOAD UNIT ADDRESS = X'0002)

*#* 1PO0 A ENTER CONTROL STATEMENT

CYCLE HOST ATTACH SWITCH TO (ENABLE AND IPL) AND
- THEN TO (ENABLE);

IT MUST REMAIN ON (ENABLE) FOR REMAINDER OF PROGRAM EXE-
CUTION,

SET DISK PROGRAM “DATA SET NAME" BY FOLLOWING R(EFER)
STATEMENT:

R JOBLIB,F2,,PCMUSER

L(GAD) PCM PROGRAM INTO CORE BY FOLLOWING L(OAD) STATEMENT:
L PCMO1B

- O EE W ER W W W B ey W ok AR G @R WD O ER eSS AR WD R O SE SR e S mp o mn ws ww  ow

THE SYSTEM-/ 1S NOW PREPARED TO ACCEPT LINKUP WITH THE SYSTEM-370
AND WILL REMAIN IN A WAIT STATE UNTIL PMIS1 PrROGRAM 1S EXECUTED
BY THE SYSTEM-370. page P.1
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PROGRAM PROCEDURE TO REDUCE PMIS DATA TAPES

Notes: "PMIS" 1s the name of the program and of the radiometer being tested; procedures
are given in large type, while explanatory comments are given in smaller type enclosed
by hand-drawn brackets, thus! [Ebr benefit of one who ls unfamiliar with the System-zj.

PRIOR TO LOADING THE SYSTEM-7 PCM PROGRAM:
PERFORM CHECKOUT OF ALL PCM HARDWARE. AND TAPE(S).

TO LOAD AND EXECUTE THE SYSTEM-7 PROGRAM, PROCEED AS FOLLOWS:
(1) RU{ U-ZERO TAPE (LOAD UNIT ADDRESS = X'0000°)

Eﬁ-ZERO, the tave to IPL the computer, is a small, blue punch tape kept
right by the cu.puter; put Address switches on 0000 (Addresses are con-
trol switches on front of computer; there are &4 Address switches, thus
each Address switch is set on 0, as indicated by the four zeros in
step (1), above{]

(2) LOAD IPL PROGRAM FROM DISK (LOAD UNIT ABDRESS = X'0002")

L denotes "Initial Program Load". Leave the first 3 Address switches
“on zero, move the right hand Address switch to setting of 2.

#+% 1p00 A ENTER CONTROL STATEMENT

e above is a statement that the computer sends back to you after
you have done step (2):1

(3) CYCLE HOST ATTACH SWITCH TO (ENABLE AND IPL) AND THEN TO (ENABLE)
WHERE IT MUST REMAIN FOR THE REMAINDER OF PROGRAM EXECUTION.

[Ehe Host attach switch is another control switch on the front of the
computer; switch it to "Off" (that's down), then up to "Enmable and IPL"
and back to center position, which is "Enable"; it must stay on "Enable"
all the time you're transferring data from Sys.—7 to Sys.-370 - this is
done in order to establish a linkage with the System-370.

(44) SET DISK PROGRAM “DATA SET NAME" BY FOLLOWING RC(EFER) STATEMENT:

[étép {(4) tells you to twpe an "R", that is, "Reference Statement", on
the control typewriter. The statement to be typed, is as fgllows, be~
low (be sure to leave a space between the "R" and the "J"):

R JOBLIB,F2,,PCMUSER
(5) L(OAD) PCM PROGRAM INTO CORE BY FOLLOWING L(OAD) STATEMENT:

Efter typing the statement of step (4)'s instruction, execute step (5)
by typing the following statement, below. Leave a space between "L"
and "P".7}

L PCMO1B

- emA @3 ER wmh S e e me e AN W TR A AR SN mm EE em S LS ME EE ws W e AW MmO aw kA e

THE SYSTEM~/ IS NOW PREPARED TO ACCEPT_LINKUP WITH THE SYSTEM-370 AND
g#g#EﬁE%96N IN A WAIT STATE UNTIL PMIS] PROGRAM IS EXECUTED BY THE

page P.la
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COMMENTS ON SYSTEM-7 PROGRAM PAGE 1

STHMT SOURCE STATEMENT DOS ASM/T (360A-TX—011) VIMZ 12/10/74
2 * PCMO10 PRUGRAM SPECIFICATICNS: G2006020
2 = PURPOSES INPUT (MFMR) OR [PMIS) DATA INTO A 648 WORD BUFFERS 00700040
4 * {A OR Bi, DETERMINE TYPE {MFMR)} OR ({PMIS}, CHECK FOR 00002050
5 # PROPER SEQUEMCE OF (TIME-WORND-3-FLAG) ANG ({FIN)} FNRMS, 00000060
& = TRANSFER TOGSLED BUFFER AT {TIME-WORD-3) IF {VALID DATA} 00300070
7 = FLAG IS PRESENT,s AND SIGIAL (END-OF-FILE} WHEN 00000380
g8 % (VALID-DATA-FLAG} DROPS. 00QaQaonNseo
9 * 000Nn0100
10 * Qo0CQLLO
11 * BUFFER FORMAT;S 0090012¢
12 = , 0CG00L30
12 % HEADER {8-WORDS} DISP {0000} CORE ®OUORD (0000) DATA Co0d01L40
14 * (FFFF} EOF 00000150
15 = (EEEE) E0J 0C002:60
16 * BLANK 00000170
A (0002) LOGIN 2-CHARS (EBCDIC! 00230110
8 # {C003) LOGID 2~CHARS (EACDIC) 000383190
19 * {0004} TIME-WORDL 00200200
20 * {0005} TIMF-WORD2 a000d210
2y > {0006} TIME-WORD2 (QUEUE XFR} 00000220
22 * {0007) BLANK 000022372
23 % 00000240
24 % FRAME NUMBER (1} {0008) SYNCL 00000250
25 * {0003) SYNC2 00000260
26 * DATALL (30 WQRDS) {2010} DATA 00000270
27 =* THOU 26000280
28 * {0039) DATA 00000254
25 * 0000L0300
30 * Fi01 (0040} DIDL (FID CHK, SET TYPE) QC0a0310
31 * 000003220
22 * DATAL2 (127 WCRDS]) {0041} DATA 00000220
33 * THRU 000C0340
34 ¥ (0167) DATA 0e0002%0
a5 % 00005360
36 * FRAME NUMBER (2} (0168) THRU (0169} SYNC {TIME CHK) 00000370



E EXAMPLE OF PRINTOUT FRCM CONTROL TYPEWRITER - PMIS DATA RUN

The following System-7 messages will be executed by the System-7 when the Sys-
tem~370/System~7 linkup occurs, as iandicated by the statement 8370 is ready
to accept data”. Responses typed by the operator om the control typewriter
are indicated by enclosure In a box.

*%% TPOO A ENTER CONTROL STATEMENT
| R JOBLiIB,F2,,PCMUSER |
| L PcMO1B |
5370 IS READY T0 ACCEPT DATA
ENTER OPTIONS BY TYPEWRITER (REQUEST):
REQG (LOG) TO ENTER LOG-ID WORD THEN (0SC) OR (RUN).
REQ (0SC) TO RUN SIMULATED PCM DATA.
REQ (RUN) TO RUN PCK DATA.
REQ (EOF) MARK FILE AND IGNORE DATA. THIS IS NORMALLY
AUTOMATIC BY VALID-DATA-FLAG DROP.
REQ (E0J} TO SIGNAL TERMINATE JOB.
NOTE--NEW FILES MAY BE OPENED BY (LOG)/(0SC) OR (RUN) REQUESTS
AYTER AN (EOF) REQUEST.

OR1:{T.0G]
ENTER 4-DIGIT (HEX) LOGBOOK(ID) WORD

(=019

REQUEST (0SC) OR (RUN) TO PREP FOR PCM DATA

0&3:[RUN ]
ENTER PCM DATA
EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
l EOF PROCEDURES EXECUTED
ECF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
% EOF PROCEDURES EXECUTED
H EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED
EOF PROCEDURES EXECUTED see following page, "Notes on

Control Typewriter Printout -
<z overflow occurred PMIS Datz Rum"

l og1:<———~1/7,,- job was started again at selected place on tape
ENTER PCM DATA
EOF PROCEDURES EXECUTED
” EQOF PROCEDURES EXECUTED

san S st BN e SR e

— [

s =0 =3 B

£ ————

ORL{EOT| <«—2——2 —— end of last tape; end of job was requested
87/5S370 LINK TERMINATED

page P.4
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NOTES ON COWTROL TYPEWRITER PRINTOUT - PMIS DATA RUW

Explanation of Terms

LOG ID = name of the tape (4-digit word). The first digit must be
either "P" or "M" in order for the computer to recognize
data as being either PMIS or MFMR data.

05C = running oscillator to de-bug tape.
PCM = pulse code modulation.
YDC = Test Id. number (name of f£ilg). The Test Id. is the
"valid data" code, or word.
EOF = end of file.
EQJ = end of job. “
Qverflow

When overflow occurs, as it did during the processing of PMIS tape
P019 (indicated by arrow on "Example of Printout from Control Typewriter -
PMIS Data Run" on the previous page), determination of where to re-start
the job is made by: counting EOF's; and, by checking the time on the time
code reader and the time code on the log. The tape is then backed up teo
the selected point, and the job is started again.

Although whole files are mot lost prior to overflow (all files are lost
afterward), it is possible to lose 25 data cycles, spread throughout the
files, out of the job. There are 640 words per data cyecle.

When data overflows: a bell rings; EOF messages cease to print out;
and, the control typewriter skips lines where the messages would have beemn.

Valid-Data-Flag Drop

The twenty-second word of each PCM data cy 'z is the "valid data word"
(VDC). The high—~order bit of this woxd is the "Valid-Data-Flag'. The
valld-data~flag is one (1) during each file and is zero (0) between files.

The System-7 program monitors the valid-data-flag and executes an end-
of-file procedure each time the valid-data-flag drops, i.e., goes from I to 0.
The PMIS 1 and MFMR 1l programs also monltor the value of the entire valid-
data-word; in case the System—7 fails to execute an end-of-file procedure
any time the VDG changes, the PMIS 1 and MFMR 1 programs will do so.

page P.5
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) PMIS 1 PROGRAM CARD SETUP
L The PMIS 1 program is executed by running the following setup on the

- System-370: -
;¥ S - .
SOURP™ T (dob Sécp = Disk TIRE) .,

g

Five ERQPWB‘?‘FT Jo “- ‘

4 ”71! ? AT cardt”
B i I If PMIS & . araqram card —owtional in PMTSL {
oo EHEDEMORR T (PMIS z,fajram- eptionsl in PMISZL)

o A ARG habk ’ (,:,\71-- L) q -

COOEET inaniuid (optional) ' 4
.~-”,TW*I-A‘111 T\:-v-;-;:-_ '1“',-‘ ‘-.‘-L.-\ —-?)4.-\‘ 7
/ n[ﬂ"‘r'fmtf—, vi111111 CTE cnad ¢
P e B TS PP S T T 5
T PYIEE TR mEront o S35 i
#7EERAT S ezeape et 3
ARMEN 20824, U IR 2
A0S BN COTRERA1000P TAIPTIENT T 1

LOGNO. __________ JOB NAME PMIS 1 @D Funp /#3935 .o, PMISZ

REQUESTOR Cooper L3383 cc__¥Loo BEGIN
DATE TIME APPROX RUN TIME END

TAPE DR. TAPE NAME & DATE CREATED W | TAPE LOC. DISK | VOLSER NO.
280 33S|DRZDOL
281
282
53 n

PUNCH 2701 SEL. REAL ALLOCATION

FORMS 1 2 4 COMMENTS

J‘;-s tem -7 Transfer
SPECIAL
CARRIAGE TAPE ’Pun L /'_areifal(’“" d 950 Rev. 874
page Pl.1

ORIGINAL PAGE IS
OF POOR QUALITY
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PMIS 1 FROGRAM CARD SETUP & PROGRAM OPTIONS

PMIS 1 Program Card Setup

i. Phase 1

The example of a "PMIS 1 Program Card Setup" given on the previous
page actually includes three separate programs, PMIS 1, PMIS 2, and Job-
Step Disk-Dump, all executed by the PMIS 1 program setup. When the three
programs are thus used, PMIS 1, PMIS 2, and Job-Step Disk-Dump are the
first, second, and third phases, respectively, of a single job.

By removing the PMIS 2 cards numbered 12, 13, and 14, PMIS 1 can
be run as a separate job.

2. Phase 2

PMIS 2 may also be run singly, by choice. However, if certain val-
ues mus. be changed in PMIS 2 data run previously, there is no option;
PMIS 2 must be executed as a separate job (see PMIS 2 writeup and card
setup).

3. Job-Step Disk-Dump

When PMIS 2 (or PMIS 1, if PMIS 2 was not included in the job setup)
has processed all of the data on the disk, coatrol is turned over to Job-
Step Disk-Dump (cards #15 and #16)., Job-Step Disk~Dump prints all of
the data cycles that were dumped into the disk by PMIS 1.

This job step also computes the amount of runm cime for the entire
program and prints this time on the SYSLOG and om the printer, thus must
be included in all foreground PMIS and MFMR programs. Disk Dump dumps
the disk only if it is enabled by following the // EXEC EMO3H card (#15)
with the dump card (#16). If no dump is desired, follow the // EXEC
EMO3H with the /% card (#17).

Optional Control Cards — PMIS 1 (First Phase)

1. Card ¥o. 8, the UPSI card, is optional. It contains a string of
eight binary digits.

The binary value of the seven low-order bits of thils string is the
numbey of data cycles which will be dumped onto the disk each time a new
Test Id. is established, i.e., the number of data cycles dumped per file.
Note: the last data cycle of each file (Test) is not under the control
of the // UPSI card and is always placed (dumped) on the disk.

The high-order bit is a flag to determine whether or not the diag-
nostic is to be printed from PMIS 1 (Phase 1 of +the example, "PMIS 1
Program Card Setup"). If the high-order UPSI bit is 1, the full print-
out 1s obtained; if the high-order bit is zero, or if there is no UPSI
card, Phase 1 printout is suppressed.

page P1.2
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PMIS 1 PROGRAM CARD SETUP & PROGRAM OPTIONS

Optional Control Cards — PMIS (First Phase), continued

2.

Card 10, "Disk Address" card, must be used with great caution.
Its misuse can destroy all data on the disk, since it updates, i.e.,
changes the disk directory. On the card shown in the PMIS 1 program
getup, each word has the value "99", which is the starting address.
This initializes the disk and causes it to start loading data at the
beginning of the disk file.

Format of Disk Address Card (when used in PMIS 1): 3I10.

a., TFirst word, HIGH(N: the highest disk address that PMIS 1 or
MFMR 1 has operated on up to a given instant;

b. Second word, HIGH)FF: the highest disk address that PMIS 2
or MFMR 2 has operated on up to the same given instant;

c. Third word, JYBEND: the highest disk address that the last
PMIS 1 or MFMR 1 job has operated on up to the time it was
terminated,

Note: the disk control is set up such that both PMIS 1 and
PMiS 2 can operate simultanecusly in different partitions of the
computer. And, if PMIS 1 is in process of executing while PMIS
2 is also in the process of executing, thea PMIS 2 has to know
exactly where PMIS 1 is. Three variables 2ve trarsmitted through
the disk so that these two programs can communicate with one
another; these variables are HIGH{N, HIGHQFF, and JOBEND.

Optional Control Cards - PMIS 2 (Second Phase)

3.

Cards nuwbered 12 and 13, the "// EXEC EMO3B" and the "T1 and AT"
cards, respectively, are optional in the PMIS 1 program. Inclusion
of these cards causes the PMIS 2 program to be executed in the PMIS
1l program (see example of PMIS 1l program card setup). However, the
Tl and AT card is optional, and it can be included only if the
values of Tl and AT are known prior to execution of the job. If
omitted, the values used will be those that were used the last time
the PMIS 2 program was executed,

Tormat of T1 and AT Data Card: 4Fl0.4. Words are: Tl vertical;
AT vertical; Tl horizontaly and, AT horigonta’. respectively.

If it should later become necessary to change thr values of T1
and AT in data that were run previously, this is done by re-running
PMIS 2 as a single phase (s<e PMIS 2 writeup).

page P1,3
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AUALITY PHIS 2 PROGRAM

When the EOJ instruction is issued at the System-7 terminal, the lipk-
age between the System~370 and the System-7 is terminated, and program PMIS 1
(the first phase of. the job) ends and turns control over to the second phase

{PMIS 2 program).

PMIS 2 retrieves the raw data placed on disk DRZJI01 by PMIS 1 and com-
putes the engineering units; it then places these results on the disk, prints
them out, and punches a card for each file {Test). These cards are referred
to as "PMIS 2 cards" (see example).

The "PMIS 2 card" will be used in the PMIS 3 program (see example of
PMIS 3 program card setup).

Data Address
{disk address of
(Test Id)

Vert
Brightness
Horilz -
(X)

Temp

1st word of file)
Temp

Beam Position
Valid Data Word
Log Id (A format)
Start Time
Uncorrected Sky

Brightness

x)

Uncorrected Sky

? Stop Time

o
?

&)

l._'l‘
e
113
Lh

1
3
.
3
—
g
‘I
x|
"'I
o

RN s BRI I BRI B 2.
Hr Pindec | He MinSec

123956 refamurnfasr e g s REI RN WO N AP U I SR AT e 39855 <SP SARATORrEZ P RITRRE M A Y L AT
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"PMIS 2 CARD" OUTPUT BY PMIS 2 PROGRAM

Note: the Log Id., above, is the name of the tape. The first digit must be
either "P" or "M" in order for the computer to recognize data as being either
PMIS or MFMR data. The Valid Data Word (or Valid Datz Code, VDC) is the Test

Id. number (name of file).
page P2.1

s



L S s——ce) L

L

PMIS 2 PROGRAM

When PMIS 2 has processed all of the data on the disk, control 1s turned
over to Job-Step Disk-Dump. This is the last job step of the three-phase job
illustrated by the PMIS 1 Program Card Setup. Job~Step Disk-Dump prints all
of the data cycles that were dumped into the disk by PMIS 1.

Note: the last data cycle of =zach file {Test) is not under the control
of the // UPSI card and is always placed on the disk.

Job~Step Disk-Dump is described in "PMIS 1 Program Card Setup & Program
options" under "PMIS 1 Program Card Setup".
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- PMIS 2 PROGRAM - USAGE AS SINGLE-PHASE JOB

Whenever it becomes necessary to re-run PMIS 2 program at a later time
with new values of Tl and AT, PMIS 2 must be executed as a single-phase job.

The PMIS 2 program card setup may include or omit optional control cards
as follows:

3.

as Phase 2 of a three-phase job setup. For optional inclusion in

— —rr——— — ——

this setup, as shown in "PMIS 1 Program Card Setup":

a. T1 and AT card (if such values are kor~wyn prior to progranm
execution).

as a separate, single-phase job to cbtain PMIS 2 data not pre-
viously run (where the Test, or file, has been processed by PMIS

1, and PMIS 2 program was not included in the job setup). Optional
inclusion in this setup, as shown in "PMIS 2 Program Card Setup™:

a. Tl and AT Card;

b. Disk Address Card, 2110 format

as a separate, single-phase job to chanpe existing PMIS 2 data
by re-running it with new values of Tl and AT. 1Inclusion in this
setup, as shown in "PMIS 2 Program Card Setup", is not optional.
It is:

a. mandatory that the Tl and AT card, with new, changed values
of Tl and AT, be included in setup;

b. mandatory that the Disk Address card, 2110 format, be included
in the setup.
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PMIS 2 PROGRAM CARD SETUP

The PMIS 2 program is executed as a separate, single-phase job by run-
ning the following setup on the System-370:

g e e e o

¥y
/

i

. Optional in PMIS 2 single-phase program except in gbove re-runs.
TRl 96 —ff Y T g —id, by _ "]l and AT Card" ﬁ}
1. Mandatory in PMIS 2 as single-phase program xe-run with new values of T1 & AT.

2. Optional except in re-rums, as ahove.
p i T3

39 EE "pisk Address Card" - 2110 format
. Mandatoxy in PMIS 2 as single-phase program re-run with new values of Tl & AT.

l
; 7 ERTENT *“s'z!?’iaﬁi-.mé:liiifti‘a1»'13-'ili?'-'ﬂi?-t.1amﬁ?:m.‘: = "*“'“\\
Voot pemme e rTIL 0 T 0 T T T T T gy T
J 7 GREH AvERAL e ' S e i \\
-5 FRIFETHANNT TR ON 225 T T T
T I .f'f':ﬂ;s-s; SOOPERs M R0P. 1a30GIFNIZE T - T T TN
weNo._____ sosname _PHILS 2 (o Funp _F4R305°  wo PrILS 2
REQUESTOR . Coaﬁ%" TeL 383 cc #7006 BEGIN
DATE TIME APPROX RUN TIME END
TAPE DR, TAPE NAME & DATE CREATED w| Tare Loc. || pisk | VOLSER No.
280 335 |DRZOOL
281
282
283
PUNCH 2701 SEL. REAL ALLOCATION
FORMS 1 2 4 COMMENTS
SPECIAL
CARRIAGE TAPE 950 Rev. 874
PMIS 2 PROGRAM ~ SETUP FOR SEPARATE, SINGLE-PHASE JOB
ORIGINAL PAGE I8
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PMIS 2 PROGRAM - USAGE AS SINGLE-PHASE JOB

PMIS 2 Card Setup. Control Cards

When the PMIS 2 program must be re-run with values of Tl and AT that
are different from those used previously on a particular set of files
{Tests):

a. the PMIS 2 program must be executed as a separate jobj

b. a Tl and AT card punched with the new values of Tl and AT must
be included in the card setup; and,

c. a Disk Address card punched in the 2110 format must be included
in the card setup.

1. T1 and AT Card

Card Format: 4&4F10.4.

Words are: T1 vertical; AT vertical; T1 horizontal; and,
AT horizontal, respectively.

2. Disk Address Caxd

The disk address card is used to tell the program what values of
HIGHQFF and J{BEND to use for this run. Unlike the Disk Address card
used in PMIS 1, the 2I10 format card used in PMIS 2 overrides the
disk directory instead of updating it.

Format (when used in PMIS 2 program): 2I10. Words: HIGH(FF;
and, JPBEND, respectively.

a. The first word, HIGHDFF, is -1+ the disk address of the first file
to be recomputed. HIGH&FF is the highest address which PMIS 2
or MFMR 2 has operated on up to that time.

b. The second word, J¢BEND, is 1494 the disk address of the last file
to be recomputed. JPBEND is the highest disk address PMIS 1
or MFMR 1 has operated on at the time the last job was ended.

Note: if PMIS 2 encounters MFMR data, such data are bypassed.

Disk directory usage and the usage of HIGHQN and HIGH¢FF values proceed
as if these data had been uged.
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NOTES ON CONVERSION TO ENGINEERING UNITS
IN THE PMIS 2 PROGRAM

HOUSEKEEPTNG DATA

‘PMIS 2 converts the housekeeping data to engineering units by means of
a table-look-up subroutine that performs linear interpolation between the
closest two points. These tables are derived from tables A, B, C, D, E, and
F for PMIS Temperature Calibration as per TM1353, Appendix K, pages l-4.

UNCORRECTED SKY BRIGHTNESS TEMPERATURE, T'g

The uncorrected sky brightness temperature is computed according to the
formula:

Cp - C
T'p = T3 + AT -—-A —B
c - Cs

where!
Ty and AT are the Y intercept and slope provided on the T;, AT card;

Tp is the average value of the counts when the radiometer is in the
operate modes '

Cp is the average of the base line countsj and,

Cc is the average of the calibrate counts.

STANDARD DEVIATION OF THE UNCORRECTED SKY BRIGHTNESS TEMPERATURE, O

The standard deviation of the uncorrected sky brightness temperature is
computed according to the formulas

oy = fg‘gl%;)—zc\/[ﬁc - Tg)® op? + (6 - T)® o2 + (G - Tp)® oc?

where:
Up = standard deviation of data countss
og = standard deviation of baseline counts; and,
oc = standard deviation of calibrate counts.
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B NOTES ON CONVERSION TO ENGINEERING UNITS
= IN THE PMIS 2 PROGRAM

cont'd
STANDARD DEVIATION OF THE UNCORRECTED SKY BRIGHINESS TEMPERATURE, O

A standard deviation of zero in any of the data is an indicator of hard-
’ ware trouble. Therefore, if op, O, or ggp is zero, op is flagged by changing
B its sign. A negative value of op is thus an indicator of bad data; and, since
this sign propagates through 2ll subsequent calculations of antenna loss and
radome loss, it automatically flags these caleulations also.

___._.
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SKYTEMP PROGRAM
Before the antenna loss program (PMIS 3} can be executed, it is neces-
sary to run program SKYTEMP with meteorological data taken on the same day
as that of the PMIS data.
The input data cards for SKYTEMP are of two types: (1) the header card;
and (2) pressure, temperature, and dew point (PTD) cards.
The Header Card, followed by the PTD cards, must fit the following ﬁor-
mats:
80 COLUMN PUNCH CARD FORMAT
NOBD D CHO ,.3..; .nm. nr'nllu I B EPH B S P EEEE K PR 6 E963 (] RIS RERTHERY Fagaans A EEEDETRDENINRT)
_bpl 6 #1017 | 1 JRARRN] Ii "vgg#lﬁﬁﬂ ﬂmmaﬂr
g b pine] T J mctiﬁlmk-r s‘z:o"ih'ﬂq eler T Loy [jodee e 1
=1 b=t I ot S iea-lhznz) . I A !
S ,.-4_ _._.t. o Jdat ¥ - - —1-
! i !
REE VT s RN AR NR AN R AR .
_fl.,. Rt BRI WA 5 T 1 1| BotE: |eomdnds may! bb : F’a?{.ﬁ
n "_3f¢€° L4 8- )]sk e ropehen | Ty P04 C
it T TS
A id
Tt it Nl T
[} l r‘?’ -’—
it |+ i h ':"I !\"'."‘“L"‘
L ala R N S N 4 N -4 .i .' 1
| _ g2l.:0) 1] [ g2, i ]Li P,Oﬁ;a
ERWARREENN i
st | || | et
NANAR! BENNAN :
1). SKYTEMP header card
Card format: 3E12.1,3%,5A4
The Log Id. word in the header card must be the same as the Log 1d.
word on the first data tape for that date, i.e., for the first data tape
to be associated with the particular meteorological data.
The sky temperature may be computed at any number of frequencies by
specifying the start frequency, the frequency increment, and the stop
frequency. If only one frequency is desired, ensure that stop frequency
value is smaller than that for start frequency by leaving stop frequency
blank (see header cards in example of SKYTEMP program setup); increment
field may also be left blank.
2). PTD Data Cards
Card format: 3F10.1.
Wherever dew point data are missing, -99.0 should be punched in
that field of the PID data card(s). {See PTID cards in example of SKY-
TEMP program card setup.)
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SKYTEMP PROGRAM CARD SETUP

Any number of these data sets may be stacked with one /% card separating

data sets. Note that two consecutive /* cards terminates the program.

In order to run program SKYTEMP, execute the following statements on
the System-370:
A Epa of Job (EO0S)
P End of 2l Files inthis JSob . (EOF)

. ] -? ‘:’;’k B a1
a

i

Aas- D7D a{ai"a cord
Dars 5

E.‘Z" -]

nop

a n
4 _Z‘;;Z‘é*r‘:/eﬁ/;y( PP cores ___-,’:".#cf Dets Ser
A a5 -3 4 Firsr PIDedRnd Dava Ser- O
- 10,69E09 aa4 FEB.3 0900 MSTPO4H™ | ,up0h, 17 W0, apy
) #efa»#er aa»g &m’« &afa Ser e e g;# S

. ; . TR R A )
Cls?" Daa‘a Se:.'—_) Fodn Qg

Fadn
Fadg
Lter vezy:»-;? P/ D Aol ,,,.,,.g,/s.
G - | R ] Fids
SR, 2ol -0 Secerd PTdecard (lsr DFte 5er) P40
o509 o LT n

Firsr PTD cord

(st btz ser) F AT

OF POOR QUALITY

T CROCRSERS ¢ v Ty “f% FEB.30200 METERMY foe e (] Ty N
Ak e e -‘ “!3’ ; ) ﬁ?’a‘g&i’eﬁ @Fw 1&’3?“ jéi; .‘SE e d B N :, g}; “fm.; . i ) l:{“t“"" ‘:i}f"
..... . S U .;i_ ATREIE S S B el
“; ;,e,r s:" :E‘l E!"Il'lj'h * - N“-.
£ KH H 1]
SO IR TEVTEME CODREZ 410N Ee f4si Thy TEHE
ol
LOG ND. oenave SHY TEMP @o runo Y305 wo SKYTEMP
REQUESTOR C"‘Q‘P enr L83 cc Yoo BEGIN
DATE TIME APPROX RUN TME END
TAPE DR. TAPE NAME & DATE CREATED w | TaPE LOC. DISK | VOLSER NO.
280 |
281
282
283 il
PUNCH 2701 SEL. REAL ALLOCATION
FORMS 1 2 g4 COMMENTS
SPECIAL
CARRIAGE TAPE
ORIGINAL PAGE I8 950 Hev. 874
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SKYTEMP PROGRAM

Each time a sky temperature data set is computed, the program punches
a card (the "SKYTEMP Card") which is used by PMIS 3 as input data. One SKY-
TEMP card is punched for each sounding at each frequency requested. Normally,
two soundings, at times spanning the time at which the radiometer measurement

was run, are used.

The form of the SKYTEMP card is as follows:
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o o

g 2

i i S

> 3 2 80 g
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[ (=] B 1 B
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1238867 9I0NRBWEET RSN RBNSNT0TII0 I RITIATINITRIT0A142 430 G454 48309 DS H S SEHEN GG NGISSEIGEIMA RN A NI
[RR RS RN R R R R A R R RS R R R R A R A R R R N R A R R A R R SR R R R AR R R AR R R R R R R R R R R R RN RN R
22222222222222222 222 2222 222222222222222222222222222222222222222232222222222212
3333333 3333333333 333 3333 3333333333 333333333333 33333313333333333:533333323333
44044444 4444 44444444484 4444 44444444 44444404440 844488444444484444440484448444238
555555555 555555 55555555556565555555555506685 5055555555555555555555555555855555555
G6G6666 E6E66EHGG §65 BGEEBBﬁEBGBGESEEEBBEﬁBEGEEGEEEESEGEEEBEEESBGBéEBEEGﬁBESEBBEE
TIIII1T 700000000000 7974777 1N Tl I NI IR i IninI It it iInIiannIII1i1ing

B33B8By BeBBB8B888 0B0cB8BBBB8BARRRSNAS 888888332088 6588830383088 68 8888888288883

| 9999999999999559999999999999899935990293899 999 999999595989998355999999893945390959%
TIIL367AIWARDNSENBBNL2BUBHY BN RVUBTNIDCACOAEEN UGN 28 HHFARRDAO CHSETRRADARNAD Y BN
-] _ . . -

"SKYTEMP CARD" OUTPUT BY SKYTEMP FOR INPUT TO PMIS 3 PROGRAM

Note: the "0.0" punched in card columns 51, 52, and 53, above, has no sig-
nificance in the PMIS program (the field is still used in the HMFMR program,
however) .
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PMIS 3
ANTENNA LOSS FACTOR - RADOME LOSS FACTOR

PMIS 3 is the program that computes the antenna loss factors and the ra-
dome loss factor.

Antenna loss ig computed according to the formula:

L Tant -~ T's
ant Tant - Tsky
’ Tg + Tg+ 4 T
where Tgpe = 2 96 10 4 273.1 OK,

the average of the six antemna thermistor readings.
T's is the uncorrected sky brightness temperacure from PMIS 2 calculations.

Tgpy is the sky temperature from SKYTEMP.

Radome loss is computed according to the formula:

ip = T'88 - Tant (1 = Lant) — TR Lant
Tskyr Lant - TR Lant ?

where:

T'gp is the uncorrected sky brightness temperature from PMIS 2 taken
with the radome on;

Tant is as above with radome >n3 and,
Lant is the value computed above with the radome off.

Tgkyp is the sky temperature from SKYTEMP at the time of the T'mRr
measureuent.

Tr is the average of six radome temperatures.

Ti1 +T1o +4 T
Tp = — 1: 2 2731 %
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PMIS 3
STANDARD DEVIATIONS ~ ANTENNA LOSS, RADOME LOSS

The standard deviation of the antemnna loss is computed according to the
formula:

S
LA T'pr - Ta

where o'p is the standard deviation of T'pg.

The standard deviation of the radome loss is computed according to the
formulas

o = Ly Ly o'
LR TBR La - T (Lp - 1) - ¥ °

where Tp is the kinetilc temperature of the radome.
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PMIS 3 PROGRAM - “RADOME IS OFF” CARD SETUP

A PMIS 3 "Radome Is Off" job is run by executing the following program
on the System-370:

£ ol (end of jeb) N N
/7 Eor (end cf a1/ Files) ‘ ’3‘-\

pote - 185 gy ¥ ¥

Second SKYTENMP
card — 0530 Ars.

F/rst SAYTEMP q
card — o230 Ars.

o - [ = ’, o
] I ] P
i by il T |
—— - . ¥
N y ;_ 4 . g TARL e 3 ST Repw Ty Py 3 ¥ !
o ;'.t_ SR I e ' '-_.,_.u.ué.u.. ol
i g, S = ¢
' o EFATENT SUTOM ORG24 0002000 020N 5.
S ERL FNEMEN 111 LTEARG 4
s BEIAM DYIRO1.MUIRR IR
o PEHIZE MONNT DRZO01 0N 235 2. |

i
© MR PHIS? SIIPCR.4100. By 147070 2017 30 e % s wa
' /
LOG NO. soBNnave PMIS 3 @ rfuno Z¥#305 o PMIS3
REQUESTOR Cocper TEL_IF3 cc__¥/7eo BEGIN
DATE TIME APPROX RUN TIME END
TAPE DR. TAPE NAME & DATE CREATED w | Tape Loc. || Disk | voOLsER No.
280 335 DRZ ool
281
282
28
PUNCH 2701 SEL. REAL ALLOCATION
FORMS 1 2 4 COMMENTS
SPECIAL
CARRIAGE TAPE
950G Rev. 8-74
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PMIS 3 PROGRAM

Card Setup — "Radome Is Off"

Any number of data sets may be stacked behind the initial data contreol
cards. The first data set of each job setup must use the SKYTEMP cards, but
a /* card replaces the SKYTEMP cards im succeeding sets thus stacked.

Data Cards

1. The first data card after the // EXEC EMO3C is the "Radome Is Off"
card (card #7).
2. Card #8 is the PMIS 2 card punched by the PMIS 2 program and used

to tell PMIS 3 where to retrieve the uncorrected sky brightness and the
thermistor temperatures. The format of the PMIS 2 card (givem in the
PMIS 2 writeup) is repeated here for your convenience:®

(Test Id)
Vert
Brightness
Horiz
(X)

Data Address
Temp

{disk address of

lst word of f£ile)
Temp

Beam Position
Valid Data Word
Log Id (A format)
Uncorrected Sky
Brightness
(K}
Uncorrected Sky

Start Time

A
L

19 58 40} 12 S

Hr MiaSee | Hr Mia See

W .

4

hId 3 . - e v
RN ERECEEGEL S R R R ﬁ%F“ .

B4 } Stop Time

[P————

gsono009 focosupaec "o ooacPORDRG MOONLCOGOOG0 00CAC 0GO0D o0 GO BEOANGOD JoeweanmLO

PR ASE T AN TN G RS L ARt s TR D0 T N PRI YT MR A T AR e 4T S0 S Az s ARG o RGO AT B2 RY RS PRI TE A2 TR P IR T T e

IRRERRR R R R AR AR R R R R R R R R R RN R R R R R AR A I R R RN R R R RE
2222 222222 272%23@2322222222 222227%03227212222 2272222225722222 7 2222222222227
33 33 3333337333333333333333333333 33331 3 03 3I 3BY 403333 23 03333333337 33333131313
4404044444849 5403040544448044444 44444444241 144804444048454444444044404444144844449
555555 555568555 5555555455555 555556655 G6555555655 5555 6555556565555 56555555555
GGG GGGEGOGAGGGREEGEG66G6666G6656C666G66660606G6660666655 B5855555555555??255855?568
TTITTRIT27000007000 2000000000000 RTATRNIINNNNITIINIITIINT ?Gf%?}??????f%?l?f????l?
68958n0808653386838 0854808580880 68608 ERABE5B868 88 4086883898388 8868008088088088888¢88
9993????2 5999994999293399% 90370¢C09¢ 65895 99993 999 099994999908399%3 9999993594999

3
121 VNG TN 2T ZE T 295000 20 0304 106 2T IE 34041 2 4344 4545 A2 P AASD 51 G2 EAM SRSC T RN EVRIGIRARSERRIBALI NI N NI MG 1 R 19 k0

>~ - 4, oA st s aan e e e ———— = o F— . - - a——

"PMIS 2 CARD"™ OUTPUT BY PMIS 2 FOR INPUT TO PMIS 3 PROGRAH
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PMIS 3 PROGRAM

Data Cards, "Radome Is Off", cont'd

3. Cards #9 and #10 are the SKYTEMP cards. One SKYTEMP card is
punched by the SKYTEMP program for each sounding at each frequency re-
quested. Normally, two soundings, at times spanning the time at which
the radiometer measurement was.run, are used. If only onme sounding is
ugsed, the second SKYTEMP card is left blank. Note that two cards are
required, i.e., a blank card must be used to represent the second SKY-
TEMP card.

The sounding must be taken on the same day as the radiometer
measurement, and the LOG ID on the SKYTEMP card must be repunched to
match the LOG ID on the fires:. PMIS 2 card. Failure to observe these
rules will produce unpredictable results.

The format of the SKYTEMP card (given in the SKYTEMP writeup) is
repeated here for your comnvenience:

che) .
=N Q
8. g g
[ g -~ 3
. 4 g & g
& U i) 5 Q |
[ S =] = =l =
" fonthen
(" B.45 4 FER, s0220 MITFRGN 11, 435938 19 ] ‘\

000060000000 GOC0000 00 OO O O BOOOD DOOCOOOD: gODG: QI 0GOCOFOACDOUDODO00O00G00C00E
B AR NI ONBE N NN NSEI 20 NI VHIBH D DI S BT RIHBHSE  ZEHSETEHNNNRNNBED B0
R AR R R R R R R R R R R R AR R AR AN RS R R A SRR AR RREREER R A | AN [RERRRERERRRRRERRE]
22222722222222222 227 2222 22272'1222222222228222222222222. . .222222227222222221272

. 3333333 3333333333 333 3333 333.333333 2333333333333 3.333333337333333333332333333
4444444 4444 46446448844 4444 4444444, 44444444444244004044444440444404444444844
. 5555455585 558555 555555555555055 55655565555 555565558 5565065555555565500855556856588
i GGEE66 G6EGE5666 656 GGEG6EE56606656G66666666G66G666656666G6556666666666666666666656
TTTFITRI0000907 0900200703077 1900380000000 00 0070000000 0071090000923 7711171113171
Ggpaa08 8pga8BB06E BERABBER8GEEEB208S BABBALOU088E BBBRR0E8E000RR255850 2 0RE8
99995999995993999935g9999995995999&39359 995 99099999980899085505054859593953498¢9

SZIASEIEINNROIHEEIBNDI AN IRV RRANBAEINNONQLHBET4A503525 HESTHASOARCASEEOLENIRNBABR I AN )
mM

"SKYTEMP CARD" OUTPUT BY SKYTEMP FOR INPUT TO PMIS 3 PROGRAM

Each time PMIS 3 is executed for a "Radome Is Off" job, the program pun~
ches a "Radome Is On" card for use later when a PMIS 3 “Radome Is On" job is
run.
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PMIS 3 PROGRAM - “RADOME IS ON” CARD SETUP

Any number of these data sets may be stacked with ome /#* card separating
data sets.,

To execute PMIS 3 when the "Radome Is On", run the following program:

:EOJ (enet 0;24‘6)
SV EOF (c/,-gt af «F;!e(-s))

,Bla)('cam:(. in Ic.e' of -S‘ecaﬂal -Sk' YT’EMP card
(oniy ovte sewnding 1s being wsed here)

ELFST DA LD oA ETRRAN 10, 4950 19 0, ft Fms-t SKYTEMP cmrd N

P B PR ¥
A

PM s z T
L : _

N, M -I]_-__L_[I_ i
AR S
TE

HT SRR TR0 e G IR0 G0 ]
RL FHAHE ARERRRER COTEan
SOATERM YT '1 A
S PRHRC oy DFEuﬂ! oS
S0 J0R EMTTT CORPES. 4100, Py 14 ANSIPHINA

B
Tl

LOG NO. __sosnave _MIS 3 Bo  rFunD /4305 o PMLS 3
REQuEsToR.___ W C’ag.bev- 1L _ 383 cc__Hleg BEGIN
DATE TIME APPROX RUN TIME END |
IAPE DR. TAPE NAME & DATE CREATED w | Tape Loc. || bisc | voLsem no. I
280
335 | DREOO)
281
282
283
PUNCH 2701 SEL. REAL ALLOCATION
FCAMS 1 2 4 COMMENTS
SPECIAL

CARRIAGE TAPE

950 Rev. 8.74
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PMIS 3 PROGRAM

Card Setup, "Radome Is On"

The same card setup is used as for the "Radome Is Off" job, except that
the "Radome Is On" card will now be the £:rst data card in each data set.

Any number of data sets may be stacked behind the initial data control cards.
The first data set of each job setup must use the SKYTEMP cards, but a /*

card replaces the SKYTEMP cards in succeeding datd sets. Radome on and off
sets may be intermixed in the same job deck.

The LOG ID of the first FMIS 2 card is checked against the LOG ID on the
SKYTEMP cards.

"“"Radome Is On'" Data Card

s N2 X SR = [FL A s ;_ 4;! ..-:5
o 44 Q,$444- This is an average OF ALO SH values taken from g_ﬁgl‘?ﬁiﬁ 15, ‘b{%*%&ﬂi
1 the same cards used to obtaln the average PR RO N DR G
555 57 53] ATOSSY, Imsaﬁﬁgs’_aﬁ% .’;‘S* ?a&g‘

\ 123455Jliunnwuwﬁumumﬂuauumﬂuamuuunaunuﬂmnuuuﬁnmuwumuuﬂskﬁaﬂmﬁm

The "Radome Is On" card contains the antenna loss values needed when
computing the radome loss.

This is an average of the ALOSSV
values taken from several "Radome [2222 272222 ﬁzi2222? 2?2222222

Is On" cards.

lsdelassensagial s aseeass 208 mlnnnu UERRIARE “””ni
T S— 33 3333333 ”1 3313‘5333353333«53%{

GBE BSGGB " 56666 B65 GOBG & G6EGE60LE G656 G6GGOIGEEEEGGESE6565 §6 6650

i on ik

E ~fﬁ
mq;;;y;ﬁ;;;;;;;;;y;;i This is the disk address taken from ome of the same cards faﬁg
used to obtain the average values of ALOSSV and ALOSSH, vt

- 88800808385530888888 TB FE EEUEROBUIVAE S{EEU0 45008 600 0HE !*ﬂ;&@q,&ﬂ’ﬁ:,.

999999 9999999999599&&39999 QBQSBQSSBBBBEQBS99995999993 5584 dﬂg%&ggggg?gkgggiﬁg?

] R P

"RADOME IS ON" CARD - OUTPUT BY PMIS 3 "RADOME IS OFF" JOB

Values punched in the "Radome Is On" card are: antenna loss vertical,
antenna loss horizontal, and, disk address, respectively,

The disk address on the "Radome Is On" card is used only to check the
beam position, and it is therefore possible to use the average of several an-
tenna losses on this card, glving the disk address of one.
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MFMR PROGRAMS - REFERENCE INDEX

Page No.'s
GENERAL M.l - M.5
A. To load and execute System-7 PCM Program. . « « o « = » «» « o M.l
B. Instructions of A., above, for newcomer to System-7 . . . . . M.la
C. Telemetry Playback Console - sketch and power settings. . . . M.2
D. Comments on System—~7 Program. + + + = « = » « o « s =« « » « « M.3
E. Example: printout from control typewriter, MFMR data run . . M.4
F. HNotes on control typewriter printout
1. Explanation of terms. + « « + = o« « s o = « ¢ s o« s o ¢« » M5
2. "Overflow"l o - - - L ] - . L] L - - - - - L - - - - . L] - L] M-&,S
3. "Valid-Data Flag~Drop™e . &« ¢ 4 ¢ o o « = o o s« o s = » « M4,5
MFMR 1 PROGRAM Mi.l - M1.3

A. Card setup for running MFMR 1 on computer « « « » « s « » - » Ml.1
B. Digcussion of MFMR 1 card setup
1. Phase 1 (MFMR 1). v v o o v o o v = o = v o o o o « = « « M1.2
2. Phase 2 (MFMR 2). + =« & o o o o o s o o o o o « o s o o o ML,2
3. Phase 3 (Job-Step Disk-Dumpl. + « + o « « o + « o + « » » ML,2
C. Optional Control Cards - MFMR 1 (ist phase)
1, UPSI card + 4 o o o % o 5 o o s & o a a o « » = a s o « o MI.2
2. Disk address card (as uged in MFMR 1) . . . . + « . . . . Ml.3
D. Optional Control Cards - MFMR 2 (2nd phase)
1. // EXEC EMO3E card, /* card « + v « ¢ o « « o« « « « « &+ o HML.3

MFMR 2 PROGRAM M2.1 - M2.4

A. MFMR 2 Program as 2nd phase of a MFMR 1 job setup
1. "MFMR 2 Card" output by MFMR 2, input to MFMR 3 . . . . . M2.1
2, Job-Step Disk-DUumpP. « « « s « o s s « » « o o 5 = o o « « M2,2
B, MFMR 2 Program as single-phase, separate job
1. MFMR 2: separate job or 2nd phase treatment... . . . . . M2.3
2. Disk address card: when used, when omitted . . . « . « « M2.3
3. Disk address card (as used in MFMR 2): purpose, format. . M2.3
C. Card setup for running MFMR 2 (separate job) on computer. . . M2.4

SKYTMFMR PRUGRAM MS.1 ~ MS5.3

A. 1Input data cards for SKYTMFMR program
1, Header card, description and format . « -« =« « « + « « « » MS.1
2. Pressure, temperature, dew point (PTD) cards ~ format . . MS.l
B. Card setup for running SKYTMFMR on computer . . + « - « « « « MS5.2
C. "SKYTEMP Cards" output by SKYTMFMR, input to MFMR 3 . . . . . MS5.3
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MFMR PROGRAMS ~ REFERENCE INDEX, cont'd

MFMR 3 PROGRAM

A,
B.

Q"!:f?‘itﬂﬂ

Uncorrected sky brightness temperature, T'g . . . .
Standard deviation of uncorrected sky brightness

temperature, OTBE « o o = +» o = = » &
Antenna 10SS. + 4 v « + 2 o a2 s o o
Standard deviation of antenna loss. .
Radome 1058 4 + « 4 2 s s « o ¢ ¢ o =
Standard deviation of radome loss . .
Card setup for running MFMR 3 "Radome
ON COMPUEET & « v & o « v » o s &« » o
Discussion: card setup for "Radome Is
1. Stacking data decks . « « « + + .
Control cards for "Radome Is Off" job
1. "Radome Is Off" card. . . « + . &

- » LI ]

- - - L4

Is OFf" job

Off" job deck

deck

2. "MFMR 2 Cards": OPR, CAL, and BASE.

3 L) Tl Card - - . - . « L] - - L] - - -
4 L] AT card * 4 ¥ & 8 » ¥ s s a2 a2 s @
5. "SKYTEMP Cards" . . . . .

Card setup for running MFMR 3 "Radome Is On" job

O COBPUEET « « o + ¢ o 2 o & o a o &

Discussion: card setup for "Radome Is On"

1. Stacking data decks . . « + . « &
Control Cards: "Radome Is On" card .

iid
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[PROGRAM PROCEDURE TO REDUCE MFMR DATA TAPES

PRIOR TO LOADING THE SYSTEM-/ PCM PROGRAM:

PERFORM CHECKOUT OF ALL PCM HARDWARE AND TAPE(S),

- EA EE W Am e GE N mm G WA mm me B R Gm G R e me W mp R M e mm ME AR MR Sy S ww e

TO LOAD AND EXECUTE THE SYSTEM-/ PROGRAM; PROCEED AS FOLLOWS:
(1> RUN U-ZERO TAPE (LOAD UNIT ADDRESS = X'0000')
(2) LOAD IPL PROGRAM FROM DISK (LOAD UNIT ADDRESS = X'0002")
*¥* 1P00 A ENTER CONTROL STATEMENT
(3) CYCLE HOST ATTACH SWITCH TO (ENABLE AND IPL) AND
THEN TO (ENABLE):

IT MUST REMAIN ON (ENABLE) FOR REMAINDER OF PROGRAM EXECUTION.

(4)  SET DISK PROGRAM “DATA SET NAME" BY FOLLOWING R(EFER)
STATEMENT

R JOBLIS,F2,,PCMUSER

(5) L(OAD) PCM PROGRAM INTO CORE BY FOLLOWING L(QAD) STATEMENT:
L PCMO1B

- e me BN g MR EmS W e B B em mm AR S WO wm SR R My e e A S ey v W W mm Mw  ew W mm e

THE SYSTEM-7 IS NOW PREPARED TO ACCEPT LINKUP WITH THE SYSTEM-370
AND WILL REMAIN IN A WAIT STATE UNTIL MFMR 1 PROGRAM IS EXECUTED
BY THE SYSTEM-370,

page M.1




PROGRAM PROCEDURE TO REDUCE MFMR DATA TAPES

|

o L

ntes:  "MFMR" is the name of the program and of the radiometer being tested; procedures
are given in large type, while explanatory comments are given in smaller type enclosed
by hand-drawn brackets, thus: [Ebr benefit of one who is unfamiliar with the System—z].

PRICR TO LOADING THE SYSTEM-7 PCM PROGRAM:
D PERFORM CHECKOUT OF ALL PCM HARDWARE AND TAPE(S).

— ke WE mm E ew G Em e et B mm em A R mm ms ME e A Am LB mE me TR R e SR e s A e =

| TO LOAD AND EXECUTE THE SYSTEM-7 PROGRAM, PROCEED AS FOLLOWS:
d (1) RUN U-ZERO TAPE (LOAD UNIT ADDRESS = X‘0000°)

[ﬁ—ZERO, the tape to IPL the computer, is a small, blue punch tape kept
right by the computer; put Address switches on 0000 (Addresses are con-
trol switches on front of computer; thers are 4 Address switches, thus
each Address switch is set on 0, as indicated by the four zeros in
step (1), abovél.

(2) LOAD IPL PROGRAM FROM DISK (LOAD UNIT ADDRESS = X'0002')

R

[E?L denotes "Initial Program Load". Leave the first 3 Address switches
- on zero, move the right hand Address switch to setting of Z]

' *** [PO0 A ENTER CONTROL STATEMENT

Ehe above is a statement that the computer sends back to you after you
have done step (2)3

(3) CYCLE HOST ATTACH SWITCH TO (ENABLE AND IPL) AND THEN TO (ENABLED
| WHERE IT MUST REMAIN FOR THE REMAINDER OF PROGRAM EXECUTION.

E@e Host attach switch is another contre switch on the front of the com-
- puter; switch it to "Off" (that's down), then up to "Enable and IPL" and
! back to center position, which is "Enzble'; it must stay on "Enable" all
' the time you're transferring data from Sys.-7 to Sys.-370 - this is done
in order to establish a linkage with the System—B?OJ

(4) SET DISK PROGRAM “DATA SET NAME" BY FOLLOWING R(EFER) STATEMENT:

Eétep (4} tells you to type an "R", that is, “Reference Statement", on the
control typewriter. The statement to be typed, ig as follows, below (be
sure to leave a space hetween the "R" and the "J"):

| R JOBLIB,F2,,PCHUSER
(5) L(OAD) PCM PROGRAM INTO CORE BY FOLLOWING L(OAD) STATEMENT:

E;fter typing the statement of step (4)'s instruction, execute step (5) by
typing the following statement, below. Leave a space between "L" and "P"]

L PCMO1B

e W an em em am mh TR ER wm Ed P W SR @k S8 SR e M Em S SR TR me  wa am B R e ey =m mm e

THE SYSTEM-7 IS NOW PREPARED TO ACCEPT LINKUP WITH THE SYSTEM-370 AND
WILL REMAIN IN A WAIT STATE UNTIL MFMR 1 PROGRAM IS EXECUTED BY THE
SYSTEN-370,

R
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COMMENTS 9N SYSTEM-7 PRNGRAM PAGE 1
>TMT  SOURCE STATEMENT DOS ASM/T (360A-TX~011) VIM2 12/20/74
2 * PCMOL0 PRGGRAM SPECIFICATIGNS: 030000320
2 % PURPDOSES INPUT (MFMR) (R {PMISj) DATA INTO A 649 WCRD PUFFERS 00000040
4 {A OR B), DETERMINE TYPE {MFMR) OR (PMIS), CHECK FOR 00000050
5 % PROPER® SFOUENCE OF (TIME~WORD-3~FLAG) AND {FID} FNRMS, 00000060
& = TRAMSFER TOGSLED BUFFER AT [TIME-WORD-3) IF (VALID DATA)Y 00700070
7 = FLAG IS PRESFNT, AND SIGHAL [END~OE-FILEJ WHEN 00000980
g = (VALID-DATA-FLAG) DROPS. 00ou0NY0
g x 00000100
10 * . ) : 00000110
11 BUFFER FORMATS . 00500120
12 = 00000130
12 * MEADER [8-WORDS) DISP (0000) CODE WORD (0000} DATA CO000140
14 = : (FEFF) EQF 009000150
15 # %g (EEEE) E0J 00002160
16 * - 5 BL ANK 00n00L70
17 * == £0002) LOGIND 2-CHARS (EBCDIC) 002001R0
1g # %E {0003) LOGID 2-CHARS (EBCDIC) 00000190
19 * o {0004} TIME~WORD1 00000200
20 * c;g {0005) TIME~WORD2 . 00000210
21 * ?;a: (0006) TIME-WORD2 (QUEUE XFR} 00000220
22 % EH 10007) BLANK 000092390
23 % 0 00000240
24 ¥ ERAME NUMBFR (1) {00081 SYNCL A 00300750
25 * {0009) SYNC2 . 00000260
26 * DATAll {30 WORDS) {3010) DATA ~ 00000270
27 = THOY _ 05000260 i
28 = {0039) DATA 00000290 |
2G 00020300
20 * FID1 - ;D {0040) DIDL (FID CHKy SET TYPE) 00720310
31 * 00000220
22 * DATAL2 (127 WORDS) {0041) DATA 000002320
33 * THRU 00000340
34 {0167) DATA 0C000250
35 * 00000350
36 *

FRAME NUMBER (2} {0158) THRU (0169} SYNC (TIME CHK) 0D000370
|
|
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EXAMPLE OF PRINTOUT FROM CONTROL TYPEWRITER - MFMR DATA RUN

The following System~7 messages will be executed by the System-7 when the Sys-
tem~-370/System-7 linkup occurs, as indicated by the statement "S§370 is ready
to accept data". Responses typed by the operator on the control typewriter
are indicated by enclosure in a box.

%%% IPO0C A ENTER CONTROL STATEMENT

['R JOBLIB,F2,,PCMUSER |

| .. PCMO1B |

8370 1S READY TO ACCEPT DATA
ENTER OPTIONS BY TYPEWRITER (REQUEST):

REQ (LOG) TO ENTER LOG-ID WORD THEN (0SC) OR (RUN).

REQ (0SC) TO RUN SIMULATED PCM DATA.

REQ (RUN) TO RUN PCM DATA.

REQ (EOF) MARK FILE AND IGNORE DATA. THIS IS NORMALLY
AUT JMATIC BY VALID-DATA-~FLAG DROP.

REQ (E0J) TO SIGNAL TERMINATE JOB.

NOTE-~NEW FILES MAY BE OPENED BY (1.OG)/(0SC) OR (RUN) REQUESTS
AFTER AN (EOF) REQUEST.

OR1:{LOG |

ENTER 4-DIGIT (HEX) LOGBOOK(ID) WORD

REQUEST (0SC) OR (RUN) TO PREP FOR PCM DATA

ORIL:[RON

ENTER PCM DATA

EOF
EO¥
EOF
EOF
EQF
EOF
EOF
EOF
EOF
EOF
EOF
EQF
EOF

PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES
PROCEDURES

EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED
EXECUTED

-{L——-—-‘L.—"L—"

OREIEEI‘F“fLﬂ#ﬁarf’
ENTER PCM DATA
EOF PROCEDURES EXECUTED
EOY PROCEDURES EXECUTED

ORL[EO] ]| «—2 —2 —
§87/8370 LINK TERMINATED

see following page, "Notes on
Control Typewriter Printout -~

overflow occurred MFMR Data Run"

job was started again at selected place on tape

end of last tape; znd of job was requested

page M.4
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NOTES ON CONTROL TYPEWRITER PRINTOUT - MFMR DATA RUN

Explanation of Terms

L0G ID = name of the tape (4-digit word). The first digit must be
elither "M" or "P" in order for the computer to recognize
data as being either MFMR or PMIS data.

0SC = running oscillator to de-bug tape.
PCM = pulse code modulation.
VDC = Test Id. number {name of file). The Test Id. is the
"valid data" code, or word.
EOF = end of file.
E0J = end of job.
Overflow

When overflow occurs, as it did dvring the processing of MFMR tape
M019 (indicated by arrow uvn "Example of Printout from Control Typewriter -
MFMR Data ARun' on the previous page), determination of where to re-start
the job is made by: counting EOF's; and, by checking the time on the time
code reader and the time code on the log. The tape is then backed up to
the selected point, and the job is started again.

Although whole files are not lest prior to overflow (2ll files are lost
afterward), it is possible to lose 25 data cycles, spread throughout the
files, out of the job. There are 640 words per data cycle.

When data overflows: a bell rings; ECF messages cease to print out;
and, the control typewriter skips lines where the messages would have been.

Valid-Data~Flag Drop

The twenty-second word of each PCM data cycle is the "valid data word"
(VDC). The high-order bit of this word is the "Valid-Data Flag". The
valid-data-flag is one (1) during each file and is zero (0) between files.

The System-7 program monitors the valid-data-flag and executes an end-
of-file procedure each time the valid~data-flar ‘rops, i.e., goes from I to O,
The MFMR 1 and PMIS 1 programs also monitor the value of the entire valid-
data-word; in case the System-7 fails to execute an end-of-file procedure
any time the VDC changes, the MFMR 1 and PMIS 1 programs will do sc.

page M.5
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r MFMR 1 PROGRAM CARD SETUP

The MFMR 1 program is executed by running the following setup on the

System-370:
i
|
{ LT TR EATIY . (MFMR 1) o ¥ 7
s [ 1 % .
| AP |- ifn]ﬂu*ﬂ 1 ('Oft‘.."aﬂ,af) o 7
ATENRT 220U REI00T . s G 02000 02200 7
<o WLEBL PRAME-*111{171 : YerRsNd (4
/7 ARSI SYRO0L s n Ay ' 5
o L ! ; g _:‘ 1 ‘ : Ea ¥4 ' A - w ?
S B TP 3
_ TEON Sreitalent oy 2 N
// MR MFMRT COOFcre S s Fajd =00 [P IR T 7 q
LOG NO. _ sos nave _MEMR I @o runo L4305 wo LMEMR I
Aecuestor____CO oper ' 383 cc #1090 BEGIN
DATE __TIME APPROX RUN TIME , END
TAPE DR. TAPE NAME & DATE CREATED w | TAPE LOC. DISK | VOLSER NO.
280 335 |QRZv0OL
281
282
|
283 |
PUNCH 2701 SEL. REAL ALLOCATION
& FORMS 1 2 4 COMMENTS
H 6'75 tem 7 Trarnsfer
A SPECIAL
Z» Foreground 4
CARRIAGE TAPE K ur » ; a f‘ 950 Rev. 674
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MFMR 1 PROGRAM CARD SETUP & PROGRAM OPTIONS

MFMR 1 Program Card Sétqg

1.

2,

3.

Phase 1

The example of a "MFMR 1 Program Card Setup" given on the previous
page actually includes three separate programs, MFMR 1, MFMR 2, and Job~
Step Disk-Dump, all executed by the MFMR ! program setup. When the three
programs are thus used, MFMR 1, MFMR 2, and Job-Step Disk-Dump are the
first, second, and third phases, respectively, of a single job.

By removing the MYMR 2 cards numbered 12 and 13, MFMR 1 can be run
as a separate job.

Phase 2

MFMR 2 may also be run as a separate job.

Job-S8tep Disk-Dump

When MFMR 2 (or MFMR 1, if MFMR 2 was not included ‘. the job setup)
has processed all of the data on the disk, control is turned over to Job-
Step Disk-Dump (cards #14 and #15). Job-Step Jisk-Dump prints all of
the data cycles that were dumped into the disk by MFMR 1.

This job step also computes the amount of run time for the entire
program and prints this time on the SYSLOG and on the printer, thus must
be included in all foreground MFMR and PMIS programs. Disk Dump dumps
the disk only if it 1s enabled by following the // EXEC EMO3H card (#14)
with the dump card (#15). If no dump is desired, follow the // EXEC
EM0O3H with the /* card ({16).

Optional Control Cards — MEMa 1 (First Phase)

1.

Card No. 8, the UPSI card, is optional. It contains a string of
eight bimary digits.

The binary value of the seven low-order bits of this string is the
number of data cycles which will be dumped onto the disk each time a new
Test Id. is established, i.e., the number of data cycles dumped per file.
Note: the last data cycle of each file (Test) is not under the control
of the // UPSI card and is always placed (dumped) on the disk.

The high-order bit is a flag to determine whether or not the diag-
nostic is to be printed from MFMR 1 (Phase 1 of the example, "MFMR 1
Program Card Setup"). If the high-order UPSI bit is 1, the full print-
out is obtained; if the high-order bit is zere, or if there 1s no UPSL
card, Phase 1 printout is suppressed.

page Mi1.2
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MFMR 1 PROGRAM CARD SETUP & PROGRAM OPTIONS

Optional Control Cards - MFMR 1 (First Phase), cont'd

2.

Card 10, "Disk Address" card, must be used with great caution.
Its misuse can destroy all data on the disk, since it updates, i.e.,
changes the disk directory. On the card shown in the MFMR 1 program
setup, each word has the value "99", which is the starting address.
This initialigzes the disk and causes It to start loading data at the
beginning of the disk file.

Format of Disk Address Card (when used in MFMR 1): 3I10.

a, First word, HIGHQN: the highest disl: address that MFMR 1 or
PMIS 1 has operated on up to a given instant}

b. Second word, HIGH¢FF: the highest disk address that MFMR 2 or
PMIS 2 has operated on up to the same given instant;

c. Third word, JOBEND: the highest disk address that the last
MFMR 1 or PMIS 1 job has operated on up to the time it was
terminated.

Note: the disk control is set up such that both MFMR 1 and MFMR 2
can operate simultaneously in different partitions of the computer.
And, if MFMR 1 1s in process of executing while MFMR 2 is alsco in the
process of executing, then MFMR 2 has to know exactly where MFMR 1 is.
Three variables are transmitted through the disk so that these two
programs can communicate with one another; these variables are HIGH¢N,
HIGH(FF, and JOBEND.

Optional Control Cards ~ MFMR Z {Second Phase)

3.

Cards numbered 12 and 13, the // EXEC EMO3E and the /#* cards,
respectively, are optional im the MFMR 1 program. Inclusion of these
cards causes the MFMR 2 program to be executed in the MFMR 1 program
job (see example of MFMR 1 program card setup).

When the MFMR 2 program has not been included in a MFMR 1 job and
must be run at a later time, MFMR 2 18 executed as a separate job (ref.
"MFMR 2 Program - Usage as a Single-Phase Job'').

If it becomes necessary to re-run MFMR 2 data that were run previ-
ously, the MFMR 2 program must be executed as a separate job (ref.
"MFMR 2 Program - Usage as a Single-Phase Job").

page M1.3
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MFMR 2 PROGRAM

When the ECJ instruction is issued at the System~7 terminal, the link-
age between the System~370 and the System~7 is terminated, and program MFMR 1
(the first phase of the job) ends and turns control over to the second phase

(MFMR 2 program).

MFMR 2 retrieves the raw data placed on disk DRZ001 by MFMR 1 and com-
putes the engineering units; it thon places ‘hese results on the disk, prints
them out, and punches a card for each file (Test). These cards are referred
to as "MFMR 2 Cards" (see example).

The MFMR 2 card will be used in the MFMR 3 program (see example of
HMFMR 3 program card setup).

Encoded Time
(IRIG B)
Disk Address

VDC

Valid Data Word
(Tast I1d)

Mode

(

ahn! o
TR L e e e

ot . i
te ulv 1

#r Log Id

00030000000000000 000 80006806000 008000B02000900500 0. §80040000800 | | 600, .4
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"MFMR 2 CARD" OUTPUT BY MFMR 2 PROGRAM

Note: the Log Id., above, is the name of the tape. The first digit must be
either "M" or "P" in order for the computer to recognize data as being either
MFMR or PMIS data. The Valid Data Word (or Valid Data Code, VOC) is the Test
Id. number (name of file).
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MFMR 2 PROGRAM

When MEMR 2 has processed all of the data on the disk, control is turned
over to Job-Step Disk-Dump. This is the last job step of the three-phase job
i1lustrated by the MFMR 1 Program Card Setup. Job-Step Disk-Dump prints all
of the data cycles that were dumped into the disk by MFMR 1. Note: the last
data cycle of each file (Test) is not under the contrel of the // UPSI card
and is always placed (dumped) on the disk.

Job~Step Disk-Dump also computes the amount of run time for the eatire
program and prints this time on the SYSLOG and on the printer, thus must be
included in all foreground MFMR and PMIS programs. Disk Dump dumps the disk
only if it is enabled by following the // EXEC EMO3H card with the dump card.
If no dump is desired, follow the // EXEC EMO3H with the /% card.
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MFMR 2 PROGRAM - USAGE AS SINGLE-PHASE JOB

MFMR 2 Card Setup. Single~Phase Job.

The MFMR 2 program may or may not be run as the second phase of the three-
phase MFMR 1 job as shown in the MFMR 1 program card setup; its inclusion is
optional. However, if the MFMR 2 data are to be obtained at a later time, or
if it should become necessary to re-run MFMR 2 data, the MFMR 2 program must
be executed as a separate, single-phase job.

1. Run MFMR 2 as a separate, single-phase job to obtain MFMR 2 data
not previously run (where the Test, or file, has been processed by
MFMR 1, and MFMR 2 program was not included in the job setup) as follows:

a. with card #7, "Disk Address" card omitted, run the job shown in
the "MFMR 2 Progran Card Setup".
2. Run MFMR 2 as a separate, single-phase job to change existing
MFMR 2 data by re-runmning it as follows:
a. run the job shown in the "MFMR 2 Program Card Setup"; and,
b. include card #7, "Disk Address" card, 2I10 format.

Disk Address Card

The disk address card is used to tell the program what values of HIGH{FF
and JOLEND to use for this run. Unlike the Disk Address card used in MFMR 1,
the 2110 format card used in MFMR 2 overrides the digk directory instead of
updating it.

Format (when used in MFMR 2 program): 2I10. Words: HIGHQFF, and,
J¢BEND, respectively.

a. The firsc word, HIGHOFF¥, is -1+ the disk address of the first file to
b recomputed. HIGHOFF is the highest address which MFMR 2 or PMIS 2
has operated on up to that time.

b. The second word, JYBEND, is 149+ the disk address of the last file to
be recomputed, JQBEND is the highest disk address MFMR 1 or PMIS 1
has operated on at the time the last job was ended.

Note: 1if MFMR 2 encounters PMIS data, such data are bypassed. Disk di-
rectory usage and the usage of HIGH¢N and HIGH¢FF values proceed as if these
data had been used.
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MFMR 2 PROGRAM CARD SETUP

The MFMR 2 program is executed as a separate, single-phase job by run-
ning the following setup on the System-370:

/ ' ‘j "Disk Address Card" ~ 2110 format

! i 1. 1Is included in MFMR 2 as single-phase job, data re-rum.

* 2. 1s pot included in MFMR 2 as single-phase job, first data zum. | *° :
e I T R Fr N e AT e 5 o TR M S, 5200 Ay P e i i -2 = =T e e e A e 3 o
' : : ‘E 1 -~ B 2
S T R Tr ek =S R I I G L

,v"‘l’_t' DR (1 T REER R R R 'i.! B i’“’"— o -__ ) K =.‘.".4- Bk ".“ B .ib
FITETI T A B T3
/77 PR THT TR TIT R R T T 2N
/T T T TR AR A TS HETHENE = - . \
LOG NO. JOB NAME /"f’ FErIR 2 @D FUND __ /#2085 wo LTErIR 2
REQUESTOR Cdff,ﬂe’“ TEL FE3 cc__Hlee BEGIN
DATE TIME APPROX RUN TIME END
TAPE DR. TAPE NAME & DATE CREATED w | TAPE LoC. || DIsk | VOLSER No.
280 FIT\DRESO
281
282
283
PUNCH 2707 SEL. REAL ALLOCATION
FORMS 1 2 4 COMMENTS
SPECIAL

CARRIAGE TAPE

950 Rev. 8-74

MFMR 2 PROGRAM ~ SETUP FOR SEPARATE, SINGLE-PHASE JOB
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SKYTMFMR PROGRAM

Before the loss program (MFMR 3) can be executed, it is necessary to
run program SKYTMFMR with meteorological data taken on the same day as that
of the MFMR data.

[ I——-—-ﬂ r..—-....!

The input data cards for SKYTMFMR are of two types: (1) the hezader
card; and (2) pressure, temperature, and dew point (PID) cards.

The header card, followed by the PTD cards, must fit the following for-
mats:

20 COLUMN PUNCH CARD FORMAT

153 (0 8 Y (Y € T e T N £ ‘LEHHE}N” wapestpain] il e s uﬁiﬁ"i].'ﬁ}‘iﬂ?l:i- RGO I]'?l G O LK AT XTI TR
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REANA g L] que od & HiIHA 2
[ BENN T LT Q RREERRRRAANS i
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S I Ll . o Iy S . .L_L-l..i,.

' | .?kﬂl._ LE-e T | | H L | L4 T_F /040
. - :8.' 0 [ ‘8 .0 - HOTE! | commentds mxy .'b: aada in thas;e cc.:l mps; of tle 4 - L __iﬁ_ﬂf-’_ﬂ
1 ERRR _ 1D chrd.! [Far |exs nie' phe Log Id. ward,) showd - s I U R

-{fk 4Ll —{-{- ¢ l . 1 .

T REERRUANERN b J’_

L1 EL g ] Al 1.b -

L2 L L EH LLLELLL L ] [ fi:;;?
oD EOrol | P L SRnRANRRRRNRNNNi

-1 1R L] . 4+ H 4L 3 N I

ERA DEW POINT W v bl

L| ]tfc_?ﬁ [ea ] A PErTE R LT T } y T'M“ : H e

CARD FORMATS ~ HEADER CARD, PTD CARDS

1). SKYTMFMR Header Card
Card format: 39X,35A4

The Log Id. word imn the header card must be the same as the Log Id.
word on the first data tape for that date, l.e., for the first data tape
to be associated with the particular meteorological data.

2). PTD Data Cards
8 Card format: 3Fl10.1.

Wherever dew point data are missing, -99.0 shouid be punched in
i that field of the PID data card(s). (See PTD cards in example of
SKYTMFMR program card setup.)

iJ page MS,1

g e e —— P B TP ——



| enm— [ ——

SKYTMFMR PROGRAM CARD SETUP

Any number of these data sets may be stacked with one /* card separating
data sets. Note that two consecutive /* cards terminates the program.

In order to run program SKYTMFMR, execute the following statements on
the System-370:

EEAl

Epd of Jeb (K0J)
¥ End of ___L F,r/e.s 1 r/ﬂs V«-‘b (€oF) R
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FEMNGT e R T
iR *“;";-;.- SEANETR A A0 e P IR T MR
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3 o
ke QUESTOR____C Loper TEL__F&3F cc__ 40O BEGIN
DATE TIME APPROX RUN TIME END ___
TAPE DR. TAPE NAME & DATE CREATED w | TAPE LOC. || DISK | VOLSER NO.
280
o
281
282
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PUNCH 2701 SEL. REAL ALLOCATION
FORMS 1 2 4 COMMENTS
SPECIAL
CARRIAGE TAPE e, 850
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four cards (the "SKYTEMP Cards") which are used by MFMR 3 as input data. i
One SKYTEMP card is punched for each sounding at each frequency requested.

4
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SKYTMFMR PROGRAM

Each time a sky temperature data set is comprted, the program punches

Following is an example of the card format and the four SKYTEMP cards:
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"SKYTEMP CARDS" OUTPUT BY SKYTMFMR FOR INPUT TO MFMR 3 PROGRAM
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MFMR 3
UNCORRECTED SKY BRIGHTNESS TEMPERATURE
ANTENNA LOSS FACTOR - RADOME LOSS FACTOR

MFMR 3 is the program that computes the uncorrected sky brightness tem-
perature, the antemna loss factors, and the radome loss factor.

UNCORRECTED SKY BRIGHINESS TEMPERATURE, T'g

- m————g———

The uncorrected sky brightness temperature is computed according to the
formula:

[
T'g = Ty + AT —e _
Cc - C
where:

T; and AT are the Y intercept and slope provided on the T; and AT cards;

Ta is the average value of the counts when the radiometer is in the
operate modes

Cg 1s the average of the base line counts; and,

Cc 1s the average of the calibrate counts.

STANDARD DEVIATION OF THE UNCORRECTED SKY BRIGHTNESS TEMPERATURE, opg

The standard deviation of the uncorrected sky brightness temperature is
computed according to the formula:

“rp = Tml—“gj[ﬁh - Tp)? 0p2 + (Ca - Tc)? op? + (Ga - Tp)® oc? !
(CC - CB} :
where: }
gp = standard deviation of data counts; |
og = standard deviation of baseline counts; and,
dq = standard deviation of calibrate counts.

A standard deviation of zero in any of the data is an indicator of hard-
ware trouble. Therefore, if os, op, or og is zero, op is flagged by changing
its sign. A negative value of opis thus an indicator of bad dataj and, since
this sign propagates through all subsequent calculations of antenna loss and
radome loss, it automatically flags these calculations also.
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MFMR 3
ANTENNA LOSS FACTOR - RADOME LOSS FACTCR

ANTENNA LOSS

Antenna loss is computed according to the formula:

_ Tg = Ta
ba = F9Tg-Ty Gw- 1 - T4 °

where:
Tg is the sky temperature in °K;
Ta is the kinetic antenna temperature in °Ks
T'g is the uncorrected sky brightness temperature in °Kj
Ly is the wave guide loss; and,

T is the wave guide temperature in °K.

STANDARD DEVIATION OF ANTENNA LOSS

The standard deviation of the antenna loss is computed according to
the formula:

o . = Ly Ly 918
LA T'g Ly + Ty (1 - L) - Ta

RADOME 1.OSS

The radome loss is computed according to the formula:

In = Tg = Tp
R T'p La Ly - Ta (La - 1) - Tg - Ty (Ly - 1) Lp

where TR is the temperature of the radome Ok (average of 5 radome thermistors).

STANDARD DEVIATION OF RADOME LOSS

The standard deviation of the radome loss is computed according to the
formula:

-Lp La 914
LR T's LA Ly - Ta (La - 1) - IR
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MFMR 3 PROGRAM - “RADOME IS OFF" CARD SETUP

A MFMR 3 "Radome Is Off" job is run by executing the following program
on the System—370:

.- £CS (e1d oF Job)
p ECF (end cof a4 /-/Ies)ltm . i
Add any number of data sets, complete and/or truncated each ended by a /* card.
First data set must be complete, but succeeding sets may be truncated in any y of I
3 places: 1) after MFMR 2-OPR card, as in 2nd data set; 2) after MFMR 2-BASE
card; or, after AT card.
pabe TEET v W
mh l e
MFMR 2 _card - 2ad datts set |
RN :
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1 WWE’ ﬂﬂ qbﬁ .wrvrz l’c-ﬂ‘
' 0o IE 0 3k SUYTEMP card /5|
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REQUESTOR V7. a’eﬂﬁl’ TeL _383 cc i“,_/aﬂ BEGIN — =
DATE _ TIME APPROX RUN TIME END '
TAPE DR TAPE NAME & DATE CREATED W | TAPE LOC. DISK | VOLSER NO.
280 » 335 |(DRZO01
281
282
283
I
PUNCH 2701 SEL. REAL ALLOCATION __
FORMS 1 2 4 COMMENTS
SPECIAL
CARRIAGE TAPE . 950 Rev. 8-74
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MFMR 3 PROGRAM

Card Setup - "Radome Is Off"

Any number of data sets may e stacked behind the initial data control
cards. The first data set of each job setup must use: the OPR, CAL, and
BASE cards; the Tl and AT cards; and, the SKYTEMP cards. A /* card may be
used to truncate succeeding data sets in any one of three places: after the
OPR card; after the BASE card; or, after the AT card.

Data Cards

The first data card after the // EXEC EMO3F is the "Radome Is Off"
card (card #7).

2. Cards #8, #9, #10 are the MFMR 2 OPR, CAL, and BASE cards punched

by the MFMR 2 program and used to tell MFMR 3 where to retrieve the engi-
neering data. The format (given in less detail in the MFMR 2 writeup)
and an example of each of the MFMR 2 cards is shown below:
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"MFMR 2 CARDS" OUTPUT BY MFMR 2 FOR INPUT TO MFMR 3 PROGRAM
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MFMR 3 PROGRAM

Data Cards, "Radome Is Off", cont'd

3'

Cards #11 and #12 are the Tl and AT cards required for the uncor-
rected sky brightness calculations.

Formats for these cards are as follows:

— o o~
! 1 1 i — ™~
a = ja] o] 1 [}
o o (3] £ m
= ) < < © ©
-] L] ' 4 4 11
— Ll — Ll - —
& = ~ = - e~

Tl CARD FOR INPUT TO MFMR 3 PROGRAM
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Data Cards

MFMR 3 PROGRAM

, ""Radome Is Off", cont'd

% continued

AT Ky CH-1

Format for the AT card is as follows:

AT Ky CH-2
AT Kp CH-1
AT Kp CH-2
AT K CH-1
AT K CH-2

AT L

e AT T ity

AT CARD FOR INPUT TO MFMR 3 PROGRAM
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MFMR 3 PROGRAM

Cards, "Radome Is Off", cont'd

1 /3

4,

‘,.’ o

———
L

Cards #13, #14, #15, and #16 are the SKYTEMP cards. One SKYTEMP
card is punched by the SKYTMFMR program for each sounding at each of the
four MFMR frequencies. Note that four cards are required: one card for
each frequency in the correct order, i.e., 18, 37, 22, and 1.4 GHz, re-
spectively.

The sounding must be taken on the same day as the radiometer meas-
urement, and the Log Id. on the SKYTEMP cards must be repunched to match
the Log Id. on the first MFMR 2 card. Failure to observe these rules
will produce unpredictable results.

The format of the SKYTEMP cards (given in the SKYTEMP wrilcup) is
repeated here for your convenience:
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"SKYTEMP CARDS" OUTPUT BY SKYTMFMR FOR INPUT TO MFMR 3 PROGRAM

Each time MFMR 3 is executed for a "Radome Is Off" job, the program pun-

ches a "Radome Is On" card for use later when a MFMR 3 "Radome Is On" job is

run.

page M3.7

.‘I
N

}

% ¥

%

i




MFMR 3 PROGRAM - “RADOME IS M CARD SETUP

A MFMR 3 "Radome Is On" job is rum by

on the System-370:

BT (end of Jeb.)
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executing the following program
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Card Setup, "Radome Is On"

The same card setup is used as for the "Radome Is Off" job, except that
the "Radome Is On" card will now be the first data card in each data set.
Any number of data sets may be stacked behind the initial data control cards.
The first data set of each job setup must use: the OPR, CAL, and BASE cards;
the T1 and AT cards; and, the SKYTEMP cards. A /* card may be used to trun-
cate succeeding data sets in any one of three places: after the OPR card;
after the BASE card; or, after the AT card.

""Radome Is On'" Data Card

The "Radome Is On" card (example follows) contains the Log Id., the valid
data code (VDC), the disk address, and the encoded antenna elevation angle of
the disk data set that contains the antenna loss values needed when computing
the radome loss.
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"RADOME IS :" CARD - OUTPUT BY MFMR 3 "RADOME IS OFF" JOB

The Disk Addres: on the "Raudome Is On" card is used to access engineering
data, and it is therefore not possible to av-rage several antenna losses (as
in PMIS 3) through manipulation of the data deck.
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