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ABSTRACT

Simul tanecus long-baseline interfercometiric observations have
been made of pairs of radio sources. The resulting phase delays
measured for each source have been extrapolated unambigucusly from
observation to observation in order to produce a set of cobservations
that are free from ambiguity except for a single overall constant
for each day's observations. The phase delays measured for the two
sources of the pair have been differenced in c¢rder to produce an
observable free from any error due tc & difference in the rates of
the clocks at the ends of the long baseline. This cbservable can be
used Lo estimate the relative positicns of the radio sources. The
errors in this observable may be as low as 20 psec¢, and relative
right ascensions of the source pair 3C 273 - 3C 278 are consistent
from day to day to within OY003 rms. 8ix sources have bsen observed
by this technigue during experiments in January and Qctober, 1972.
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1.

Astrometry

Introduction

In a time that was already archaic when Aristotle wrote, men
believed that the secrets of thz universe and of their own lives were
revealed to them by the gods, who were the stars in the sky. Aristotle
considered that this was an inspired opinion% It has surely survived
the test of the ages, since a matured version of the ancients' concern
for the state of the heavenly bodies leads us to investigate them today.
Before very recent times, the only information available about external
cbjects was that concerning their position and brightness. Hawkins2
estimates that the builders of Stonehenge in Southwestern England
expended a large part of their gross naticnal product over a period of
ten years in order to construct a machine to measure the positions of
the sun and moon in corder to predict eclipses. The accuracy of the
measurements required for this purpose is several minutes of arc.
Modern telescopic measurements of the stars' positions have improved
on this accuracy by 2 factor of about one thousand. This improvement
btrought about the discovery of many of the phencmena upon which our
modern theories of the motions of the Earth and stars are based. In
this thesis we will present the result of an effort to improve pesitional
measurement accuracy by another factor of about one thousand, by
employing long-baseline radio interferometers in the simultaneous

observaticn of pairs of radic sources.
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2. Opticsl Astrometry

Optical astrometry is the measurement of angles betwsen stars,
or betwsen star*sland the local vertical direction, The angles measured
are determined by the positions and velocities of the .telesc:Opes, and
by the true angles as would be measured in an inertial frame. At the
time of the first telescopic measurements of the positions of the stars
and planets, the only recognized motions ¢f the telescopes were those
associated with the orbital and rotational motion of the Earth, and
the general precession of the axis of rotation., As telescopic measurement
accuracy improved to near its present value, small perturbations of
the Earth's motion were revealed. The first of these was the 8.6 year
nutation, discovered by James Bradley, the third Astronomer Royal.
Bradley, in his pursuit of accuracy, also was the first to notice the
annual aberration due to the finite velocity of light, an effect which
is at most about 20 seconds of arc. The speed of light itself was
first measured by astronomical observations of phenomena in the satellite
system of Jupiter, which were delayed when Jupiter was fufther away
from the Farth, Bradley's discovery of nutation and aberration were
made in the course of an investigation of a subtler effect - the parallax
of nearby stars due to the Earth's orbital motion. The first parallax,

of 0.3 seconds of arc, was measured by Bessel in 1838,

All these observations had been made by eye, since photography
was not employed much before the twentieth century. Photography opened

new vistas to astronomers, who could study much fainter objects, and




particularly those objects of lower surface brightness such as the
nebulae. Photography improved the results of positional astronomy
also, but not by nearly so dramatic an amount. 1In fact, it is the
quantity cof observations, and the lessening of the need for an observer
of surpassing skill, that have been the major benefits of photography.
There is nc¢ doubt that there has also been a reduction in the sysfematic
errors. Nevertheless, the present state of the art is such that the

3

smallest measurable parallax is about 0.1 seconds of arc) z.id the r.m.s.
differences bhetween posifions given the different star catalogues is

of about the same order%

3. Limitations of Optical Astrometry

The errors in opticel astrometry arise from four main sources.
First, the photographic images of the objects are about A" in s3ize,
due to the "seeing", or atmospheric scintillations. Second, in
photographic astrometry, the plates are subject to deformations unless
they are very carefully treated. These deformaticns would tend to
cause systematic errors in the relative star coordinates. Also, there
may be deflections in the instruments themselves which affect the focus,
or the relation of the instrumental axes to the local vertical. This
error is sericus in the case of transit observations to determine
"absolute" coordinates of stars. To see how easily a second of arc
error may be made, consider that one second of are deflection in an
instrument three meters long is only a deflection of about ﬂO-ch.

Finally, star catalogues suffer from a more fundamental defect in that

=10~




the bright nearby stars which are usually studied generally possess
proper motions. That is, the angles between the stars, measured in an
inertial frame, change due t¢ the intrinsic relative velocities of the
stars. These proper motions may cause the fundamental coordinates
determined from the observations to rotate relative to inertial

cocrdinates.

4, Desirable Improvements

These limitations lead to 2 consideration of what improvements
would be desirable. & short list would include the following suggestions:

a) use sources significantly smaller than the
typical stellar seeing disk - preferably
point sources.
b} avoid the use of photographic plates
¢) avoid reliance on strict mechanical tolerances
d) use sources that can in principle define zn
inertial coordinate system
Radio interferometric observations of extragalactic radio sources

conform to these restrictions to an extent that the potential for
measurement accuracy is improved by factors ¢f 10 t¢e mere than 1000
depending on circumstances. To be sure, the techniques of radio
astrometry have their own peculiar limitations, but at present these

seem to permit significant improvements in the art of astrometiry.

-1 1=




II. Fhadio Astrometry

1. Introduction

The first atfempt to detect extraterrestrial radio radiation was
apparently made by Themas Edison, the remarkable inventor? only a few years
after Hertz discovered electromagnetic radiation in 4888%* Edison failed
because his equipment was insensitive, and because radiation at the wavelength
he chose was totally reflected or absorbed by the ionosphere - a phenomenon
which was then unknown. Sir Oliver Lodge proposed in |18973 to detect radic
waves from the sun using a receiver designed for spark-gap transmissions.
He reported his negative result in 1900. Thereafter, the idea remained
dermant until Karl Jansky in J933q accidentzlly discovered a sowrce of radio
necise in the direction of the Milky Way, during an investigation of atmospheric
radio noise. Even though this aspect of Jansky's work was not encouraged
by his employer, The Bell Telephone Laboratories, the publication of his
discovery kindled the imagination of Grote Reber, a radio engineer and
amateur astronomer whe built his own receiving system in his back yard in
Wheaton, Illinois. The receiving system with which he finally succeeded in
confirming Jansky's results was a thirty foot parabolic reflector and vacuum
tube recelver operating at 960 MHz. Reber's original parabolic reflector
is still used at the National Radio Astronomy Observatory as an aid in
locating radic interference. With this instrument, remarkably advanced for
its time, HReber completed the first map of the radio frequency brightness
of the northern sky in 19uu? He discovered several discrete sources of

radiation in directions other than the galactic center, but the angular

¥Reference numbers are restarted at the beginning of each chapter.
-12-




resolution of his instrument was insufficient to permit these to be

unambiguously identified with objeets on ortical photographs.

The field of radio astronomy blossomed after the technical develcpments
of the second world war, and the history of pesitional radio astronomy has
since then been the story of a quest for improved sensitivity and angular

rescelution.

2. Angular Resolutien

Imzgine a lens focusing energy upon s detector. In front of the

lens 15 an aperture, and plane waves are incident upon the aperture
from an angle ¢ with respect to the axis of symmetry of the system.
A one-dimensionzl aperture of this kind is shown in figure 2.1%, What
will be the power received by the detector? Remembgv that the lens
acts to provide a path of equal phase delay from 2l1 points in the
plane of the lens to the focal point., In this case, the detectoer is
directly on the optical axis of the system. If we let the phase of
the electric field of the plane wave be at Z=0, the upper edge of the

aperture, then the phase as 2 function of Z will be

~13~




4
C C oy (2.2.1)

where w is the frequency of the radiation and ¢ is the speed of light.

So the resulting power, summed at the focal point is

- L —} l
P _ f.g\(_r 11*;[%’_% A‘E
O

_ (2.2.2)
if the length of the aperture is L, i.=z.,
ThL
r S o ]'l
5
[ A
oL
L N
(2.2.3)
This function is sketched in figure 2.2
p
AN, \/\/
- ~ ! ;i &
-1;\‘;L -‘),rl_ "'j'_ 1’):,:L Fig 5.2
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It is seen that the main lobe of the response has a half-width,
to the first set of zeros, of */L radian. This reflects a more general
3tatement, not proved here;sthat the angular breadth of the response
of an antenna is roughly inversely proportional to the size of the

antenna measured in wavelengths.

This points the way to improved angular resolution: either lower
the wavelength or increase the size of the antemma. There are practical
limitations to both approaches. If the wavelength is reduced much
below 1 cm, performarice is degraded due to the difficulty of constructing
large antennas to such tolerances. (The mechanical tolerances tend to
be proportiocnal to the wavelength of operation.) Receiver technology
18 also less well developed for these wavelengtihs, and the atmosphere
begins to lose its transparency due to absorption by water vapor and

oxygen.

&3 for the diameter, L, large struwctures are awkward, and expensive
to construct. These factors have limited the angular resolution of
filled-aperture asntennas to the present state of the art - about a
minute of arc. The first large catalogs of radio source positions were
made with large single antennas and resolutions of a few minutes of
arc? Further improvementi awaited the development of the radio

interferometer.

The Radio Interferometer

The principle ¢of the radio interferometer is based on the

-15-




b)

c)

Figure 2.3

A large parabolic reflec-
tor - but only two pleces
of the reflector are in
place. The signals are
reflected to a common
summing point (feed horn)

A real-time interfercme—
ter. Here the signals
are carried by wires to
the summing point.

A tape-recording inter-—
fercmeter. The separa-—
tion between antennas is
arbitrary since no
physical connection is

required.
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realization that a large filled aperture is not necessary. Imagine a
large parabolic antenna of which only two small pieces are actually

constructed as in fig. 2.3a.

The signals reflect from the two small pieces of reflector to
the feed horn, where the electric fields are summed. What kind of
power response paltern, analogous to figure 2.2, does this partial
antenna have? The - one-dimensional analeg is shown in fig. 2.4.

it consists of two slits, each of width D,

Fig. 2.4

separated by a distance L. The integral corresponding to 2.2.2 is for

this case,

) L+D ‘} ra
i 8 N
]D:' fE\(P -2 i P d"\; 4 Qv,_‘p 2.17! @E d% (2.3.1)
o] ’\ A
L.
s
¢ TOD
o2 o T TeL ( )
: ~——— s YT 2.3.2
’ TeD X £e3-€
s




which is illustrated in figure 2.5. The response contains a rapid

oscillation at an angular frequency corresponding to the total

P

Fig. 2.5

. Mo

separation L, modulated by a slow variation which is the response
function of a single aperture of width D. The rapid variation occurs
as the signals from the two slits are first in phase, then ocut of phase
by T at the first minimum, then in phase again at the next maximum,
and so on. These correspond to the interference fringes in the Young
double-slit experiment, and this name is carried over to radio astronomy.
This response does not at first appear very useful for locating radio
sources in the sky, since the rapid oscillations are of almost the same
amplitude near 6 =0, 80 that there is effectively an ambiguity in the
determination of € if you know P is at a local maximum, The resclution

of this difficulty will be presented in the next chapter.

Figures 2.3b and 2.3¢ indicate more practical arrangements for
corstrueting an interferometer. In fig. 2.3b, the signals are carried
to the summing point by means of wires., In 2.3¢, the signals are
recorded on tape, along with timing signals, and the tapes are later
played back into a machine which sums the signals, or performs an

analogous function. This arrangement removes the need for a physical

~18~



connection between the fwo places where sighnals are received, and so
allows the separation L fo be arbitrarily large, limited only by, say,
the size of the Earth, although even this limit may be surmounted in
principle. This radio interferometer will be analyzed in the next
chapter to elucidate the information which may be derived from the

responsge P (8),

~1g-
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1.

2.

Long-baseline Interferometry

Introduction

-Here we will derive simplified expressions for the total phase
delay measured by a monochromatic interferometer observing a radio
source. A more detailed analysis is presented, for instance, in (1)
and (2). This analysis will begin by neglecting smaller effects such
as reduction to inertial 1950.0 cocrdinates, differences between time

systems, polar motion, and variations in the rotation of the Earth.

Kesponse to a Point Source

The interferometer is pictured in figure 3.1. It will be recognized
a3 a variation of the system sketched in figure 2.3c¢c. Suppose that
the two stations are located in vacuum at positions /. lt) A=1.2  and
the voltage of the narrow-band gaussian random signal received at
gtation 4 is -8, et | The effect of the local oscillator and
mixer at each station is to subtract the phase of the oscillator from
the phase of the signal, Thus, the signel from the mixer will be

Mt - ] , . N N 3
Vit= Agett Fatb neglecting noise added in the receiver, where ¥iotc)

a Iy
is the phase of the local oscillator. The time derivative E{}gt

the local cscillator frequency. This signal is processed further in

a recording system and finally reccrded on tape along with time signzls

that also originate in the local coscillator,




Figure 3.1
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At the same time station 1 is receiving Yriel , station 2 is
receiving a signal U, i) which is given by U H)= o (4+7 ) by virtue of
the assumption that the source of radiation is a distant point source.
T-is given implicitly by the expression

[ ) — @) |8 = o (3.2.1)
where & is a unit vector in the direction of the source of radiation.
This expression for T may be evaluated by successive approximations
until the desired accuracy is obtained. For the purposes of this
chapter, we will take

= Dﬁud—ﬁ?&[}-@ = g & (3.2.2)
where éai is called the baseline vector. This expression negleets
the motion of station z relative to station 1 during the transit time.
The signal recorded at station 2 is therefore

NGRS e/fw (e + Blo-2 T i (3.2.3)
neglecting noise added by the receiver.

These recordings are read by a computer program for the purpose
of determining the phase difference between V[ () and™V.¥) . The phase
difference will be @éH:LUéi+§*”ﬂ%w’~9hL&ﬂ . The method used to
determine $ &) is to compute an approximation to & (&) based on the best
knowledge of the quantities éaﬂ and € . The local-oscillator phase
error Q@J+}—-®w;&) is in general a randem variable and cannot be
eastimated in advance, uniess, for example, the local oscillater
frequencies %g%i L=, &are known in advance to differ because of the
electronic equipment used to generate the local oscillator signals.

Here we assume that the phases ¢ £z, differ only because of random

-22-




variations in the atomic frequency standards used to generate them.
The best a priori approximation to T (¢) may be written

E¥i o Bl & (3.2.4)
where éjHﬁ and é; are the a priori values of the baseline vector and
the source pesition. The computation of éjPJ is based on the thecory

of the motion of the stations.

3. Effect of Source Structure

Suppose that the response of a monochromatic interferometer %o

a point source of radiation is
Jwiié
KRil= € (3.3.1)

The megnitude of Kt in 3.3.1 has heen normalized to 1. The
phase of KKl 1is the quantity of interest for determining the source
dirgction. It is natural to inquire what sort of Ri) would result
from a source which is not a2 point source, but has a brightness

distribution Ti€) . Such a distributed scurce is illustrated in figure

3.2. C2

Fig.3.2

-23-




In figure 3.2 e, and e.2 are two components of the direction e and the

1
origin of coorrdinates is at a direction ée. Assuming that the radiation
from each direction is independent, the response to the entire distribution
is given by the superpesition
p s fde ot BEET gy (3.3.2)

where the integral extends over the entire distribution. Writing this
integral in terms of the conventional coordinates right asecension («)
and declination (£), and assuming that the extent of the integration
is small enough to justify the expansion of Bty & about the center of

coordinates &4: (x.,&) , then we find

7k ga (brosd YA (D8] T (serbn, §#88 ) @vp o~ [wﬁjm L€, W ie) A aar ) AT | (3.3.3)

C

where ult)=w
S {=eesd)

(E‘}).é}] and v(_H:m;%_(%—fm-é‘e) and the difference in
phase between the phase due to L (x¢) and that of a point source at
(o ,Co) 18 just the phase of

AR(H{A (Aees& )d (00 ) Tiot An,Spr 68 ) 02p ( {um Ax, +n~(1«m£} (3.3.1)

This integrzl is 2z two-dimensicnal Fourier transform of Iix,¢) evalwted
at the spatial frequencies w and v in the north-south and east-west
directions respectively. The phase of 4R is therefore non-zero in
general, being zero only if 1(¢) is the autocorrelation of some other

function (&}

r ~ : ~ &
T o(es) = 1dé @ L(e-e%) (3.3.5)

{The Fourier transform of an autocorrelation is always real, of zero
phase.) The amount of deviation of the phase of AR &) from zero depends
crucially on the exact nature of I(&!), and, in general, is not known

in advance of the interferometer experiment. In addition, many radio

-24-



sources exhibit time variations in their small-scale structure3 which
practically insure that the phase of 2% l! has long-term variations,
alse. The only method presently available for the investigation of
the phase of ARK) is the phase-closure methéd developed by A.E.E.
Rogers? The indication here is that the phase due to source structure
ranges from zero in the case of simple sources, for instance, to many
radians in the case of complex ones such as 3C84. Fortunately, the
baseline used in the experiment was short enough s¢ that much of the
fine structure of the radio sources rewained unresclved, that is, the
range of U and V was less than that in the experiments reported in (3)
and (4). A confirmation that the sources are not significantly resolved
was provided by the observed constancy of the fringe amplitudelRtk)).
The fringe ampiitude was constant as nearly as could be determined in
all cases except that of 3084, where there was & slow decline in |€(8)]

from the beginning to the end of the day.

4, Effect of the Pbopagation Medium

The receiving antennas are not in vacuwum, and in fact there is
no vacuum anywhere between the Earth and the distant quasars. The
first refracting medium encountered by the photons on their journey is
the medium immediately surrcunding the source, then the extragalactic
redium, The effects of the medium immediately surrounding the sourcs
may be complex, but here we will assume that at worst this refraction
will appear to affect the perceived brightness distributicn . All

evidence is that the inhomogeneities in the extrzgalsctic medium of
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the same scale as the baseline length are not strong encugh for any
effect to survive the averaging along the ~10° parsec line of sight.
The effect of the larger scale fluctuations is suppressed by the baseline
filter? Refraction in the solar corona is significant, however, due
to the higher electron densities and the retative thinness of the
refracting medium. The refraction due to the solar corona is only of
concern when the line of sight to the distant source passes close to

6 ) , . i
the sun. The most serious problem cccurs because of refraction in the

medium directly above the antennas: the Earth's atmosphere and ionosphere.

Atmospheric refraction introduces a phase delay in the zenith
direction of about 7 nsec: This delay is essentially independent of
frequency. Time variations in the zenith refraction due to clouds of
water vapor are as large as ten percent of the total and are rapid,
with typical times much less than a day. A%t a wavelength H¥5.8cwm. |
the ionospheric delay in the zenith directien is less than 1 nsec and
varies slowly throughout the day. For the four-antenna experiment, %o
be described below, the two effects were accounted for by adjusting a
single "atmosphere" parameter in a model of the atmospheric delay,
since the atmospheric and ionospheric effects are highly correlated in
a single-frequency experiment. This model has the form

i

Tas M W@ TE (3.45.1)

C+smm(e)
where e is the elevation angle, and 4, B, € were determined empir’ically7

by eobservations of artificial sstellites. Ta; 15 the delay in the zenith

direction, which is estimated from the data.
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5.

6.

Effect of the Clock Error

The conversion from the radio frequency to the frequency actually
recorded §n tape is éontrolled direétly by the (hydrogen maser) frequency
standard. Any errors in the phase rate produced by the standard are
reflected in the data recorded on tape. For atomic hydrogen masers in
good operating condition, the phase errors correspcnd to a fractional
frequency accuracy of Qﬁgwlc*” in the long term. Nevertheless, these
errors are one of the most significant sources of error in VLBI

experiments.

Speclal Features of Four-antenna VLEI

In four-antenna VLEI, the fringe phases from two long baselines
are differenced. If the two long baselines share the same clock, the
clock error is suppressed in the difference. Furthermore, if the two
long baselines are nearly identical, they share to a large extent the
same atmospheric and ionospheric errcors, s¢ that these are at least
partially suppressed in the differencing. These two features are the

main advantages of the four-antenna system,
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Iv.

1.

2.

Precedure for Maximum-Iikelihood Estimation

Introduction

The interfercometer fringe phase depends on both the baseline
vector'g(%) and the radic source direction é. The baseline vector
changes in a complicated fashion, however. The receiving sites are
fixed to the erust of the Earth, The principal motion of the Earth is
its diurnal rotation about its axis. Subtler motions arise from the
precession and nutation of the asxis of rotation. The rate of the
rotation also is not constant. The axis of rotation is also not fixed
with respect to the crust, that is, the "North Pole" is not always at
the same place. Finelly, the motion of the crust may not be rigid,
indicated by the possibility of continental drift. Several of thesze
small corrections to the diurnal rotation of the baseline are not known
with sufficient accuracy tc permit the determination of the radic source
coordinates without systematic errcor, and so they must be estimated
simultaneously as the baseline vector components and source directions

are estimated., This estimation is done by a meximum-likelihood procedure.

Principle

Each measurement c¢f the fringe phase y(t) is assumed to constitute

a sample of a function F(P ...Pn,t) of many variables called parameters

1
(Pi) and the independent variable time (t). Since the observations

are corrupted by noise, the samples are random variables with some
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probability density. We assume that the ncise distribution is gaussizn
and that the noise correlation between samples is zero. Then the

probability density for an observation y(ti) will be

W -F (e oyl
v Eﬂlb)?f = oxp - [:‘1__._._}________L_:’J.fﬂ_J (4.2.1)
\/\JA“L
where by P we mean all the parameters, and is the variance of the

neise at time ti. The maximum-1ikelihood principle is the statement
that the parameters are determined s0 as to maximize the joint probability
of obtaining the samples y(ti). This joint probability is written as

the "likelihood function"J(P}.

— r Lo ip S
Ly I eep - Lyt ~F (0 k)] (4.2.2)

“ L\;Al

and the maximization with respect to the parameter values is stated as

the conditions

0.

X (2= C
K (4,2.3)

Q2
)

for all k. The evaluaticn of 4.2.3 is made easier by thes observation
that maximizing & function is the same as maximizing its logarithm.

Taking the logarithm, the conditions become

R I
2 A Cyteg) - F (R A5 )] - C
¥ Plh- " Ld_j'l .
for 211 k, which is the weighted-least-squares principle. The standard

(4.2.4)

method for sclving the equations 4.2.Y4 is by successive linearizations,
irf Ef is thé set of parameters that satisfies L4.2.4 then the residusls
R(tj) are defined by

RiG)= i) - F LD ) (4.2.5)
Note that if the initial assumptions are correct, if the noise distribution
is gaussian with standard deviation e if the y(ti) are in fact samples

of F(gﬁ,t), and if the noise correlation between samples is zero, then
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3.

-
es) s .
t/wg will be samples of a zero-mean uncorrelated gaussian random

variable. If R&‘Lhu is not of this character, then.one or more of
the assumptions are invalid, and gf will not necessarily correspond te

the maximum-likelihood estimates of the parameters.

A Priori Constraints

It may occur that more than one sort of information is available
to the experimenter. For example, the radio source positions may have
all been measured before the present experiment. It is desirable to
include whatever a priori information is available about the parameter
values, and it 1s simple to do so. If the ith parameter is known to
have a priori value §, with a standard deviation o', then this knowledge
may be placed on an equal footing with all the other cbservations relating
to Pi by adding to the sum 4.2.4 the quantity

(8-P:Y (4.3.1)

~

for each a pricri value which is known. Any sort of information may be
included in the solution by analogous means. An attempt to introduce
irrelevant information, e.g., the population of California at time t,
will be thwarted, since in this case the partial derivative in U4.2.4
will be zero hbecause F(E,t) does not depend even implicitly, on the

value of the population of California.

The Cemputer Program

A computer program for weighted-least-square analysis has teen
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written by D.S. Robertsonm and others at M.I.T? It is based on, and
incorporates portions of the Planetary Ephemeris Program, written mainly
by M.E. Ash, then of M,I.T. Lincocln Laboratory? Included in the model
function in this computer program are the following variable parameters
a} radio source right ascension and declination with respect

to the equinox and eguator of 1950.0, corrected for

elliptical aberration.
b) receiving site locations, relative to the mean pole of

19060-1905
¢} parameters of a simple atmospheric refraction model1
d) parameters of polar motion and the difference between

Atomic time and UT. 1.

e} instrumental constants

Other parameters are available -~ these are the ones relevant to
the four-antenna VLBI experiment. In addition the program supplies on
demand tabulated values of the polar motion and UT. 1 as determined by
the Bureau International de 1'Eeure.

The computer program alsc takes into account, to the sxtent of
present knowledge, the effects ¢f precession and nutation, solid Earth

tides, and the gravitaticnal deflection of light.




V.

1.

2.

Instrumentation for the January 197z Four-Antenna Experiment

Introduction

The January 1972 four-antenna experiment was planned because the
first phase-difference experiments, made with the Haystack-Goldstone
interfercmeter, appeared to promise substantial improvements in relative
source position measurements aqd we desired to achieve precise pesition
measurements for scurces widely separated in the sky. The selection
of sites for this experiment was made zasy by the fact that only two
sites in the world appeared to be cobviously compatible with no large
expense of time or money. These were the Haystack-Westford interferometer
in Tyngsborc and westford, Mass., and the NHAQ infterferometer in Green
Bank,IWest Virginia. This pair of sites is ideal in several respects:
each has a hydrogen maser, each has well-engineered receivers and
automatic antenna pointing equipment (except Westford), and the sites
are both convenient to the experimenters. Other sites which might be
used, but whiech would require extensive modificaticn of existing
equipment or construction of new equipment, include the Owens Valley
Radio Observatory in Big Pine, Californiz, and the NASA Goldstone

complex in the Mojave desert of Southern California.

The NRAO Interferometert

The NRAC interferometer is a dwml-frequency (X- and S-band) wideband

double-aideband delay-tracking interfercmeter with three identical




§5-focot antennas, which generally operates automatically under computer
control. In normal operation, its L.O. frequency is derived from a
crystal oscillator. The X-band L,0. frequency is 8085 MHz, and the IF
bandwidth is 50 MHz, sc that frequencies from 8035 to 80&5 MHz are
available in the lower sideband, and frequencies from 8055 to 8135 are
available in the upper sideband. The sidebands are superim93§ed in
the IF band, and cannot be separated. The single-sideband noise
temperature of the receivers is about 200 K.

The most imporiant fazctor relating to the sucecess or failure of
the four-antennz experiment is the relative phase stability between
the two antennas at each end of the long baseline. At the NRAO, we
relied on the previously existing equipment to provide this stability.
The lccal oscillator signal is distributed along phase-compensated
cables. The IF signsl returns over cables which are not phase compensated.
The lack of compensation in the IF cables has no effect on the normal
use of the interferometer, since it is a double-sideband device. 1t
may seem paradoxical that the introduction of an additional delay in
one leg of the interferometer before the receiver would affect the
interferometer fringe phase, but introducing the same delay after the
receiver would not affect the phase. The explanation arises from the
fact that the two sidebands are super imposed in the first-stage
degenerate parametiric amplifier} The receiving system at the other
end of the long baseline was single-sideband s5¢ that this advantage

does not apply to our application ¢of the NRAQ interferometer.




Figure 5.1
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3.

Modifications tc the NRAC Interferometer

The local oscillator signal at the NRAQ interferometer is usuzlly
generated from a crystal oscillator operzting nominally at 101.346154
MHz. This signal is multiplied in frequency by 13 in order to cbtain
the nominal 1317.5 MHz L.0. aignal for distribution to the antennas.
The phase stability of this crystal oseillator is no doubt poor compared
to the stability of an atomic hydrogen maser, which is the more
conventional source for the lecal oscillator signal in a VLBI experiment,
In principle, with a "four-antenna™ VLBI experiment employing simultaneous
receording of the signals from the twe antennas at each end of the long
baseline, the L.0. stability is not a factor as long as the power
specirum of the local oscillator signal does not extend over more than
a few percent of the bandwidth observed. As we did not record the
sighals simultanecusly for both long baselines but switched our recording
system between them each O?Z, the requirement cn L.O., stability is
strengthened to a 1limit of less than 5 hz on the width of the power
spectrum of the L.0. signal. The crystal oscillator no doubt meets
this requirement; nevertheless, we decided that it would be prudent to
obtain the L.0. signal from aahydrogen raser, so that if necessary, we
could examine the signals received on the two long baselines before
taking the difference in fringe phase.

The hydrogen maser at NRHAO is lccated at the 140-foct antenna,
and by reason of its weight and delicacy, it is practically spsaking,
not movable., The solution to this problem was to provide an RG-13

coaxial cable (kindly provided by W.C. Erickson) from the 140-foot
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antenna to the northernmost antenna of the interferometer triplet, the
so-called 85-1 antenna. The 5 MHz signal from the hydrogen maser was
sent along this partially buried cable to the 85-1 equipment building,
and from there to the interferometer control building along one of the
four cables normally used to carry the IF signal. The total length of
the cable, which was uncompensated for phase variations, was almost
one mile. In order to reduce the effect of pickup of stray signals on
this long wire, a 5 MHz crystal osciliator was phase-locked to the
signal emerging in the interferometer control building, znd all of the
equipment was run from this phase-locked crystal oscillator. Even
though the phase stability of the maser was nc doubt degraded by having
its signal passed through a mile of cable, we exp=ct that the results
from this method were superior to the only alternative which was the

use of a rubidium standard at the intesrfercometer conirol building.

4, The Haystack-Westford Interferometer

The 120-foot antenna at the Haystack Observatory and the 60-foot
antenna at the Westford site were originally coperated independently.
A system for operating the pair as an interferometer was devised by
A.E.E. Rogers to support a lunar radar interferometer experiment, It
was this system, appearing in figures 5.2 and 5.3, which was used to
provide L.0O. phasse compensation in the January four-antenna VLEI
experiment, This system is similar in principle to the one used at
the NRAQO interferometer. Several reference signals are multiplexed

together at Haystack and ars sent to westford along an airdielectric
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Figure 5.3
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coaxial cable. Among these is the 120 MHz reference for the local
oscillator multiplier, and a signal at approximately 100 KKz. At the
Westford end, the 100 KHz signal is mixed with the 120 MHz signal to
generate a signal at 120.1 MHz, which is returned down the same wire
Lo Haystaék. At Haystack, the 120.1 MHz signal is combined with the
120 MHz signal to regenerate an 100 KHz signal. This returned signal
at 100 KHz suffers a phase shift equal to the one-way phase shift at
100 KHz plus the one-way phase shift at 120.1 MHz plus the one-way
phase shift at 120 MHz. The 100 KHz returned signal is phase compared
with the original 100 Kkz signal, and the phase difference is made to

be a constant by the action of the motor-driven "trombcnes",

5. Data Recording

The Mark-1 system was chosen t¢ record the data from this series
of experiments. In effect, this amcunted to the choice of a proved
system, but one requiring much manual labor, over a system (The MarieII)
which would have been easy tc use, but whose performance for our purposes
was in question, The Mark-1 system records one-bit quantized samples
of the video signals at a rate of 720000 samples per second on 7-track
digital magnetic tape units? A record gap of approximately 0?005 is
introduced every 032 to provide compatibility with most digital computers.
The first bit recorded each record is synchronized to a multiple of
0?2 UTC, to the extent that the recorder contreoller has been set to
UIC by the experimenter. 1In these experiments, alternate records were
recorded with data from the two antennas at each site. The switching
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was synchrenized at the two sites (almost all of the time!) so that
the two antennas observing the same source were being recorded
simultaneously.

At the Haystack-Westford site, fhe data recording was performed
by the Haystack CDC-3300 computer, The computer has four tape units,
providing the redundancy neaded for reliability. At the NRAO, we used
four Mark-1 terminals - two of the original set constructed by C. Bare
of the NRAO in 1967, and two new terminals constructed at the Haystack
Observatory. OSince the schedule of cbservations for this experiment
required nearly continuous recording, at least two tape units were
required at each site - one to record while the second is rewiﬁding.
At this rate, four recorders provide for a complete duplicate recording
system. BEven so, the recorders a2t Green Bank failed sufficiently often

that, at one time, only one of them was operative.
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VI, Tests of System Performance

1.

Z.

Introduction

Before the dJanuary 1972 four-antenna.experiment, we verified that
the electronic and mechanical systems were capable of performing
adequately to mest ithe goals of the experiment. The crucial electronic
facteors are
a) the relative phase stability of the two antennas at each site
b) the system sensitivity (noise temperature)

c) the phase stability of the NRAO site relative tc the Haystack
site (performance of the hydrogen masers employed)
d) determination of the UTC epoch at the sites

e} measurement of the sense of circular polarization at each site.

The only mechanical questicn seemed to be the adequacy of the
pointing and tracking at the westford site.
The ultimate system test involved a trial experiment conducted on

January 17, 1972,

Haystack-Westford phase stability

The two receivers are phase-stabilized by means of a cable whose
electrical length is servo-contrclled., The terminus of this cable is
in the control room at Westford and it originates in the control room
at Haystack. Since the line servo was observed to properly compensate

for changes in the cable length introduced by mezns of a2 manually
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operated trombone line stretcher, the only unkncwn factor in the relative
phase stability was the possibility of uncompensated phase shifts in
the transmission lines between the control room and the receiver at
each site. It is known that such phase shifts exist. Figure 6.1
illustrates the results of a test of the Haystack cables performed in
the summer of 1969. A4 signal at 100 MHz was sent from the control room
to the Radiometer Box and back along two of the cables usually used
for L.G. reference signals. The phase of the returned signal was
compared to the phase of the transmitied signal with a Hewlett-Packard
vector voltmeter, while the antenna was rotated to exercise the cables.
Inspection of Figure 6.1 shows fluctuastions of the relative phase that
apparently depend in part on the position of the antemna. The excursion
in eleg¢trical léngth is about 10~“ sec., which is not negligible
considering the accuracy of the phase measurement in the four-antenna
experiment.

The only experimental evidencs involving the whole system was
provided through the results of 23 Ghz interferometer experiments
performed by K-Y. Lo of the Physics Department at M.I.T% Of course,
in observing radic sources the effectis of instrumental instability are
difficult to separate from propagation medium effects, but the combination
of effects provides an upper bound for either, since they are uncorrelated.
Nevertheless, the cverall stabiiity was fcund to be gocod, with the
excepticn ¢f infrequent discrete phase jumps of about W radians,

several times z day.

The questions of uncompensated cable phase shifts and the origin
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of the phase jumps have never been resolved.

3. NRAO Interferometer Phase Stability

The NRAO interferometer stability has been thoroughly fnvestigated
by the Observatory staff. One such investigation is reported in
reference 2. There is little doubt that the stability of the NRAO
interferometer represented the then state of the art., The fluctuations
of about 16“ sec. reported in reference 2 are the combination of

atmospheric and electronic phase errors,

4, Phase Stability at the IF Frequency

In both the Haystack-Westford interfercmeter and the NRAO
interferometer, the IF signal is returned from the antennas to a central
point along cables which are not phase compensated. At Haystack, the
IF frequency is only 2 MHz, sc¢ that & change in length of 5 m. would
be required to produce a phase change of 10 degrees of phase (10 degreas
of phase is eguivalent to 3 ps. at 8105 MHz). The changes in length
of the Haystack-Westford cable are known tc bte less than 2 meters and
are therefore negligible.

At Green Bank, the IF frequency corresponding to an RF frequency
of 8105 MHz is 20 MHz. Therefore, only about 0.4 m change in length
is required to produce a phase change of 10 degrees. The length L of
a copper rod varies with temperature approximately as L = Lo(l + cL(T-TO))

where LO is the length of the rod at temperature TO, and T is the
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temperature. o , the coefficient of linear expansion is about 16.8 x
10-6 for copper betwesen 0 and 100 T. The greatest unbalance in cable
lengths at Green Bank occurs between 85-1 and 85-3 at station 3, where
the unbalance in length is about 1.8 km. The rate of change of length
with temperature is therefcre about 3 cm/degree centigrade, or 0%7 of
phase per degree centigrade {at the IF frequency of 20 MHz). Since
the day-night temperature variation can be as great as 20 °C, a small
but significant phase error may result from the expansion and contraction
of the cables in this extreme case. Fortunately, most of the data in
the January 1972 experiment were taken between 85-3 at station 3 and
85-2 at station 2, for which the unbalance in cable length is 0.9 km.,
or half the extreme amount,

It is interesting to note that the changes of cable length are
inconsequential to the normal operation of the NKAQ interferometer.
The reason for this is that the NRAO interferometer correlates both
sidebands around the L.C. frequency. An analysis of the double-sideband
interferometer is found in reference 3. Since the VLEI system is a

single-sideband system, we do not share this benefit.

5. Noise Temperature

The signal-to-noise ratio of an interferometer system depends on

the antemna temperatures and receiver system temperaturss of its elements

Taz 17,
as Gﬂﬁq.@i£E£T “ where the T, are the antenna temperatures due to

Tsfi'sz_l A :

the sources at the twe sites, and the T_ are the system temperatures

5
at the two sites. The TA are fixed (although pointing errors may affect
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TA in the case of Westford - see below) and the T, must be made as
small as possible to maximize S/N. TS at Green Bank is measured to be

200 K single-sideband? TS at Haystack may be reliably overestimated
to be 100 K. The only questionatble system was involved in the weakest
link - Westford. The Westford receiver used a parametric amplifier
constructed at Lincoln Laboratory by W.J. Getsinger? This amplifier
was being operated at the edge of its useful frequency range, and so
the system temperature was quite dependent on the tuning of the amplifier.
With careful tuning it was possible to reduce the noise temperature of
the Westford amplifier to the range 200250 K. 4 signal-to-noise

calculation {see Appendix 6) indicated that this would be marginally

satisfactory.

6. Stability of the Hydrogen Masers at the Sites

The stability of the hydrogen masers at the sites can only be
measured before the actual experiment by comparison with another hydrogen
maser. Since no extra maser was available, the only factor which eould
be verified in advance was whether or not the stability of the maser
was being transferred to the receiver local oscillator properly. The
L.0. system at Haystack is routinely tested by sending a test signal
through the receiver, and comparing its phase with the phase of a signal
generated directly by the maser. At Green Bank, the problem was
complicated by the fact that the maser was located z2lmost a mile from
the place where its signal was required for this experiment. In fact,

it was necessary to install a special cable to carry the 5 MHz maser

~U6-




8ignal from £he 140=-foot telescope, whére the maser was located, to
the nearest point in the interferometer system, the 85-1 control
building. From the §5-1 control building the signal was routed along
an unused IF cable to the main controel building. To insure that no
spurious signals were being introduced into the L.0Q. system from pickup
along this long cable, a test signal generator located at the 140-foot
antenna was used to send a signal through the 85-1 receiver. The phase
of this signal was then compared with the phase of the 5 MHz signal
arriving in the interferometer control building. There was no doubt
that the phase stability was degraded by the long cable, but the results
of this experiment demonsirated enough stability to satisfy the

requirements of the four-antenna experiment.

7. Determination of the UTC Epoch at Each Site

While the determination of the UIC epoch to within a few microseconds
at each site is simple in principle, it is often troublesome in practice,
and careless errors are still frequently made despite the experience
of the cbservers. At Haystack, the staff maintains a UTC ¢lock, and
tests its performance regularly. No such service exists at Gréen Bank,
80 for the four-antenna experiment we transported 3 Cesium beam standard
and a Rubidium standard, borrowed from NASA Goddard Space Flight Center,
from Goddard to NRAO. The Cesium clodk was sel by direct comparison
with the primary standard at the U.S. Naval Observatory. The Rubidium

clock was set to agree with the Cesium clock.
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8.

9.

Measurement of the Sense of Circular Polarizaticn

The antennas at both Haystack and Green Bank were equipped to
receive circularly polarized radiation. It is erucial to insure that
the sense of the polarization received is the same at both ends of the
long baseline, since the LCP radiation is largely uncorrelated with
the RCP radiation. (The sowrces have low intrinsic linear polarization.)
We aveided confusion between the IEEE and physicist's definitions by
testing each antenna with a test signal radiated from a small heliecal
antenna. With some care, we were zble to verify that both Haystack
and Green Bank were receiving left-circular polarized (IEEE definition)
radiation. An unambigucus way of specifyimg this polarization is to
say that the photons have positive helicity, that is, that their angular

momentum vector is in the direction of propagation.

Pointing and Tracking at the Westford Site

The VLEI receiving system at all antennas used in the four-anienna
experiment was a total-power system, with no atiempt made to stabilize
the gain other than simple care in the assembly of the receiver. The
systems were unstable enough so that most of the sources obssrved could
be detected in the received total power only at Eaystack. The Westford
system was unstable encugh sc¢ that no source could reliably be detected
in the total power indication. Experience has shown that the automatic
pointing capability at Haystack, and at the Green Bank interferocmeter,

was adequate to insure that the antenna could be pointed "blind", that
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is, with no immediate indication that the pointing was correct,

Westford, the situation was less clear.

At

The only evidence relating

directly to the question cf the Westford pointing accuracy was provided

by experiments conducted by E-Y Lo? 3ince Lo's conclusion was that

the system operation was adequate at 22 GHz, we judged that it was

likel

y to be adequate for blind pointing at 8 GHz.

10, Test BExperiment

invol

Time was scheduled on January 17, 1972 for a2 full system test

ving the full four-antenna system. 1In this experiment all the

previously-noted crucial factors were testad in actual operation:

a)

b)

c)

d)

e)

f)

the relative phase stability of the antennas at each end of
the long baseline was tested by taking data with all four
antennas pointed at the same scurce {(3CL54.3)

the system zensitivity was tested by observing the
weakest sources contemplated for use in the actual
experiment (3CAS4.3, 3C345)

tne phases stability of Haystack vs. NRAO was tested in
every observation

the determination of the UTC epoch was assured in the
analysis of the data

the sense ¢f circular polarizastion was tested by
reversing the sense at Green Bank for severai obser-
vations to verify that the correlation was reduced.

the Westford pointing was tested by noting the
consistency of the fringe amplitude on the baseline
invelving Westford.

The results of these tests were acceptable in all cases.

Ne

alterations in the system were judged to be necessary before the

agc

tual experiment.
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VII. The January 1972 Experiment

1.

Schedule

To determine the relative coordinates of a pair of radioc sources,
it is desirable to observe thenm continuously during the time when they
are visible from both sites of the interfercmeter. To establish the
consistency Qf the results, redundancy is required. This redundancy
may be achieved by repeatedly observing the same pairs of sources, or
by observing all three pairs of a triplet of sources. This latter
proﬁides redundancy since there are only two pairs of independent
relative coordinates among thres radio sources. Since the object of
the experiment was, in part, to provide a cataleg of radic source
positions, another desirable characteristic of the schedule of scurces
observed 1s that is should cover the sky as completely as possible.
This requires observing many scurces. The limitations of available
time and the stamina of the observers leads to & minimization of the
namber of scurces observed. These conflicting reguirements led after
some consideration, to the choice of cources indicated in figure 7.1.
Each so0lid line in figure 7.1 indicates a pair of sources observed
together. The figure consisting of 3C8Y4, 3CH54.3, U4C39.25 and 3C345
permits & loop around a full 24 hours of right ascension. The pair
3C273~3C279 was added because it was the pair for which the differential

fringe phase was first determined, in October 1970 and February 1971}
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3C273 was tied to 8C3%.25 and 3C345 in order to provide further
redundancy. If each solid line in figure 7.1 implies, on average, 8
hours of observations for one determination of the relative coordinates,
then the schedule implied by 7.1 requires about 112 hours to complete.
In order to insure that the gaps in the data recording would not be so
large as to preveat phase-connection, an observation of 3 minutes
ducation was started each 4 minutes. At this rate, the schedule outlined
above would require 3360 magnetic tapes for recording the data. Since
this appeared at the time to be already a very ambitious effort, we
resisted the urge to include additional sources in the schedule. The

final arrangement of the observations is presented in figure 7.2.

2. Procedure

The schedule 7.2 is very taxing of both men and equipment. 1In
order to provide people to change tapes and control the operation of
the equipment, every available student was pressed into service. The
experiment was performed jeintly with Dr. T.A. Clark of the NASA Goddard
Space Flight Center, who provided most of the manpower for the Green
Bank site. The operators at Haystack were provided mainly by M.I.T.,
with & significant contribution from the staff of the Haystack Observatory.
At Haystack, the CDC-3300 computer, with its fouwr tape units, was used
to record the data. To provide redundancy at Green Bank, every available

Mark-I recording terminal was itransported there., Four recorders were




1972
Day

25

26

27
28

29

30

31

32

33

34

35

Begin UT
0030
O7ky
1400
ohz2o
0500
1808
0732
1809
0400
1332
0008
0720
1328
0720
ohh8
1752
0712
1316
ou32

Figure 7.2

January 1972 Schedule

End UT
26-0620
1228
1946
1224
1400
23-0120
1L00o
30-0116
1208
1938
0600
1200
192k
1340
1340
34-0104
1152
1912

1332

source / Baseline
3c8L / He
3c3ks / w2
3¢345 / He
Lc3g.25 / w2
3ce79 / #e
3chsh.3/ HL
30345 / HL
3chsh.3 / H1
ko3g9.25 / H2
3¢3k5 / H2
Lg3g.25 / B2
30345 / 13
30345 /H3
3c3hs / H2
3279 / H3
3cksh.3 / u3
3¢345 / H3
30345 / H3

3c279 / H3

.._33-

H = Haystack
W = Westford
1 =85-1

2 = 85-2 /j27
3 = 85-3 /18

Source / Baseline
Le39.25 / w3
Lesg.es /w3
3chsh.3 / w3
3¢273 / W3
3273 /w3
3084 / w3
3c273 /[ w3
3c8k / w3z
30273 /w3
3cksh.3 /w3
3084 /w3
he3g.2s5 [/ owe
3chksk.3 /w2
30273 / Wi
3¢273 [/ w2
c8h [/ we
Le3g.2s /o we
3cksk.3 / we

3¢273 /Wy



assembled and connected in parallel so that if one failed, another
could be started immediately to insure continuity in the data recording.
At least two people (and usually more)} were present at both Haystack
and Green Bank to change tapes during the observing pericds. Each day,
the tapes recorded on that day were mailed from the Green Bank, W.Va.
post office to Haystack. At hHaystack, the tapes were stored until time

was avallable to correlate them.
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VI1I. The 00£ober 1572 Experiment

1. Introduction

The October 1972 experiment was intended to repeat the dJanuary
experiment, including whatever improvements were considered necessary
based on the experience with processing the data from January. A
further objective of the QOctober four-antenna experiﬁaent was a repetition

of the determinaztion of the gravitational bending of light.

2. Difference in Equipment between January and October

Data from the January experiment had been examined only briefly
before October.. There was no indication at that time that there was
any difficulty, so the electronic systems - tape recorders and so on
- were identical to January. During the time beiween January and
October, the NRAO had provided a distribution system for the 5 MH=z
signal from the hydrogen maser so that the cable which was specially
installed in January was no longer necessary.

In October, the antennas of the interferometer were positioned at
stations 3 and 4 {figure 5.1) so that the spacing between the two
movable_antennas was only 100 m., This is beneficial from several
standpoints: the length of the uncompensated IF cables is minimized,

and nearly balanced, and the cancellation of atmospheric errors is

improved by the small spacing. The disadvantage is that only one
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station (station 3) was in common between January and Octcber. This
disadvantage is serious only in the comparison between January and
October results, since the baseline offsets must be adjusted separately

for the two experiments.

3. The Qctober Schedule

The schedule of observation in Gctober was designed to repeat all
the observations of January. Additional time was requested for protection
against bad weather, and considerably more time was requested for
observations of 3C273 and 3C27$. The results of the 3C273-3C27%
gravitational deflection of light experiment have already been reported,
and will only be discussed here as they shed light on the accuracy of
the results as a whole. The Cctober 1272 schedule is detailed in figure

8.1. The considerations governing this particular arrangement were

a) to provide a reasonable distribution of 3C273-3C279 observations
for performing the gravitational bending experiment

b) to avoid observing 3CZ73 paired with any source other
than 30279 when 3C2735 was close to the sun

¢) to limit the total time spanned by the observations,
in order to reduce the sensitivity to changes in polar
motion and A.T.-UT.1 '

4, Operational Details

This schedule is much more demanding than that of January in terms
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Figure 8.1 October 1972 Schedule

Date UT Start UT End Sources Ohserved
Sept 23 1400 2100 3¢ 273 - 3C 279
oct 1 1400 2200 3C 273 - 3C 279
Oct 2 1400 2200 3C 273 - 3C 279
Oct 3 1245 1700 3C 273 - 3C 279
Oct 4 1645 2130 3C 273 - 3C 279
oct 5 1400 2100 3C 273 - 3C 279*
Oct 8 0800 1200 3C 84 - 4C 39.25
1315 1515 3C 274 - 4C 39.25
1530 1815 3C 345 - 4C 39.25
Oct 10 1300 2100 3C 273 - 3C 279*
oct 11 1300 2100 3C 273 - 3C 279*
2200 2400 3C 345 - 3C 454.3
Oct 12 1300 2100 3C 273 - 3C 279*
Oct 13 1300 2100 3C 273 - 3C 279*
oct 15 1145 1730 4C 39.25 - 3C 273
oct 16 1145 1730 4C 39.25 - 3C 273
Oct 18 1145 2100 3C 273 - 3C 279
oct 19 1145 2100 3C 273 - 3C 279
oct 20 1145 2100 3C 273 - 3C 279
Oct 21 0445 0630 2134400 - 3C 454.3
0700 1200 4C 39.25 - 3C 84
1430 2030 3C 345 - 3C 273
2130 2330 3C 345 - 2134400
Oct 22 0200 0730 3C 454.3 - 3C 84
0800 1200 3C 84 - 3C 84
1430 2030 3C 345 - 3C 273

*During these observations, 3C 273 and/or 3C 279 was near the
sun. These observations do not appear in the solutions dis-
cussed below. See C. C. Counselman, et al., Phys. Rev. Lett.
33, 1621 (30 Dec 1974) for a discussion of these observations.
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of manpower. The Haystack end of the interferometer was marmed chiefly
by M.I.T. graduate students and members of the Haystack Observatory
staff. At Green Bank, most of the manpower was provided by Dr. Thomas
A. Clark and his asssociates and students from NASA Goddard Space Flight
Center and the University of Maryland. The schedule often calls for
three shifts a day, 20 up to nine people at a time were in residence
at Green Bank.

The recorded tapes were mailed from Green Bank to Haystack, as in

January, for processing with the Haystack correlator.




IX. Data Processing

1. Introduction

The January and October experiments together produced approximately
14000 Mark-I recordings, which were processed using the Héystack CDC-3300
computer and its attached high-speed ccorrelator, The data processing
proceeded in four steps:

a) correlation of pairs of tapes using the high-speed
correlator

b) estimation of phase and phase rate for each observation

¢) phase-connecticn and differencing

d) removal of remaining phase errors (multiples of 2% )

2. Correlation

Let the video signals at the two stations be x(§) and AR
§and ) are time variables which are themselves functions of UTC (t).
They are the times kept by the clocks at the two sites. An attempt is
made to insure that §(t)~t and ~(t)~t to within a few microseconds for
the duration of the experiment, The signals recorded on the tapes are

one-bit samples:

(i X65)ve
(O 4 *AED<e

There is a similar recording Yi corresponding to the video signal 5(W@.

where Xy Son 6w 132 . (9.2.1}

The action of the correlator is to compuie the cross-correlation function

between Xi and Yi, given that the two video signals from which Xi and
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Yi were determined are related:
Pl b o1y, 1) 5 X (kg 4 ) Ty 100 ¢ e ) (9.2.2)

where t is the time of the start of the recording, Taj., (t) is the
retardation due to atmeospheric refraction, and EXU\Q is the geometric
delay due te the relative distances from the two stations to the sourece
of emission. Here the effects of receiver noise and source structure
are neglected. Also,’q&1=++'fnrﬂ and ?&}:f+&gu).
Then,  y{e)« x kst - £ 1+ Tt )~ Ty (1) + 3-8 ) (9.2.3)
The cross-correlation is performed assuming the a priori values

b{&!-f?%ﬁ 1 Todnn | [£)  adw, 16} séqu , and &8°, From the
cross-correlation, a cross spectrum is computed, usually at 092 intervals.

The cross-spectrum will have the form F(¢ = g P

(neglecting souree
structure and receiver noise) where g(t) is the phase equivalent of
the difference between the a priori value %gtm-ﬁﬂ@)+T§ml&4*ﬁmmfﬁ+§;ﬂ~@°
and its truevalue. 1If the a priori values of these quantities do not
differ too much from the true values, ¢(t) may be approximated by the

form @ : ¢t s B (b-45). This approximation i1s usually valid over

a 3~minute Mark-I recording.

3., Estimation of Phass and Phase~kate for Each Recording

The phase $ewd(t-k) 1is determined from the cross-spectra F(t) by

maximizing b/ in the expression

D 2 P exp -4 SL ke ) (5.3.1)
¢ |
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Figure 9.1 Data Flow
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for variations ing . If the magnitude of 9.3.1 is maximized for n - n*,

then the best values of ¢ and Q are

'¢- “'L.J = _;'Z*

FiL b ¥
&) = , ; R I £t
%l = plase of & Elelerp - 200 ) (9.3.2)

4. Phase Connection and Removal of 27 Jumps

The total observed fringe phase is the a pricri value plus the residual

value |

F (e = BB TG T (0 BR 8 20 e ) et ) (g 1)

Since this quantity varies smoothly with time (if the clocks and
atmospheres are stable) it is simple to imagine extrapolating the
observed $(t) across a small gap in the data recording to obtain an
unambigucus connection between the two segments, The reason that this
can be done is that during an observation &(t) is determined five
times per second, and during the maximizetion in 9.3.1 a wide enough
range of trial values of SL is taken to¢ insure that the value 1% which
maximizes 9.3.1 is the value at the oabsolute maximum of ol . The
funetion (DI is ambiguous at intervals of 5 Hz due to the sampling
interval of O?E, but the a priori model for the phase is invariably
geood enough to insure that the correct value of ¢ is the one which

4&?(2.5 Hz. Hence the phase is

corresponds to the range -2.5 Hz< Q
determined unembigucusly during each observation.

In fact, the algorithm used to effect the extrapolation is more
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complicated. The complication is introduced to permit the experimenter
to visually verify that the extrapolation across gaps in the recording
has been done properly. The first stage in the connection algorithm
is to make a polynomial approximation to the values of é’corresponding
tec the n observations of a given source on a given day. A polynomial
of low order, say U4, is fit to the values of # obtained for a source.
Typically, 50<n<125. If the time of the first observation is to, the
pelyncmial has the form Fi(fl = q, +a, (€4y) +a, (44,7 Qg Lk -4,)°
and aéma3 are adjusted to obtain a least-squares fit to the actual
This polynomial is then integrated

Pa (6) = [diD ) (9.4.2)
and it is used in place of the approximation ¢, + é t-t:) to produce
the residual phase which is smoothly varying throughout a day, rather
than being stepwise discontinuous, and with a stepwise discontinuous
slepe, with steps at the time of the beginning of each observation.
This new residual phase is used to "eyeball" the phase connection, and
determine the times when 2w Jjumps oceur, These 2w jumps are then
repaired by adding the delay equivalent of 27 phase to the total phase
delay for each observatin following the jump. Examples of the output

at the final stage in the data processing appear in figure 9.2.

5. Dbifferencing

The procedure above is parformed on the data from one source.
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After the phase delay has been unambiguously determined for one source
and for its companion separately, the difference phase delay is computed
to eliminate the t§H1~fq}H part of the phase delay, since it is
common to the two sources simultanecusly observed. Finally, the
differenced delays are used to estimate the radio source positions and

station locations and other quantities of interest.
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X.

1.

2.

Analysis of the Differenced Phase Delays

Introduction

The analysis of the differenced phase delays to determine radio
source coordinates, station locations, and other quantities of interest
proceeds in several steps. First, it is necessary to insure that no
errors of 27w in phase have occurred in the phase connecting procedure.
Next, preliminary experiments must be done in order to determine if
there are any of the data which are obviously inconsistent with the
theoretical model. Then, we take advantage of the redundancy in the
data to provide an indication of the consistency which might be expected
ameng the source coordinates estimated from the data. Finally, the
data are all included in several grand solutions in which small variztions
are introduced in order to investigate the sensitivity of the solutions
to small changes in the data, or in the number of degrees of freedom

allowed in the theoretical model.

Elimination of Errors of 2w in the Observed Phase Delays.

There may be errors of 2w remaining in the output of tne
phase-connecting procedure mainly as a result of erronecus judgement,
or a3 a consequence of large gaps in the data. It is our experience
that these may almost always be removed, unless extremely mumerous, by
examining each source-pair on each day separately. From this limited

amount of data, the following four parameters are estimated:
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a) an overall additive constant

b} an atmospheric zenith delay

¢) the right ascension and declination
of one of the sources

The resulting residuals (see section 4.2) should be random to the eye.
The signal-to-noise ratic in this experiment is high enough 50 that an
error of 27 in the data will be obvious. This situation is illustrated
in figure 10.1. The corrective action in this case is to add the
appropriate multiple of 2w equivalent of delay (1278 %ein this case)
to the affected data.

3. Other Obvious Defects in the Data

Figure 10.2 illustrates another appearance of the residuals from
this initial test of the data. Here, the residuals zlternate between
two values approximately one microsecond apart. In fzet, the error is
by exactly one microsecond, and arises because the computer program
which performs the cross-correlation arbitrarily adjusts the 'observed'
delay in units of one microsecond until it is within one micerosecond
of the a priori delay used in the correlation. The corrective action

here is to add exactly one microsecond to the appropriate data points.

4, Level of Instrumental Error

In order to judge the level of instrumental error, thkat is, error
due to the electronic systems, we may examine the solution obtained

from the data when all four antennas were pointed at the same strong
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source, 3C84. The residuals are shown in figure 10.3. In this
solution, three parameters were adjusted:

a) an additive constant ‘
b) the differences in the equatorial components of
the cylindrical coordinates of stations H and W

Sinece all antennas were pointed toward the same source, the resaiduals
may arise from a limited number of sources:

a) because of the finite signal-to-noise ratic

b) because of phase instability between antennas
at the same end of the long baseline

¢) because of imperfect cancellation of the
atmospheric refraction due to the atmosphere
directly above the antennas

d) because ¢of error in the computer programs

The residuals of figure 10.3 have an RMS value of €.3 ps. and show no
obvious systematic behavior. What is the source of these residualas?
it cannot be (a), since the signal-to-noise ratio for 3C8L is such that
the phase delay error is reduced to 6 ps/sec with only 1 sec. of data,
- whereas the points in the sclution resulted from a 3 minute integration.
It is not likely to be (d), although small errors in the computations
cannot be absclutely ruled cut. The most likely scources of error here
are (b) and (e¢). The independent evidence for this is the faect that
phase errors of this magnitude (18° of phase at 8105 MHz) represent
the usual behavior of the NRAQO interfercmeter: in routine determinations
of the short baselines by NRAQC personnel, the RMS residual phase is

generally .05 wavelength at 8105 Mﬂz% There is little evidence to
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distinguish betwsen the twe scurces of error (b) and (c). This level
of error probably represents the best that could be done with then

existing interferometer systems.

Consistency of the Experimental Results

The consistency of the experimental results can best be determined
by comparing many solutions for the same quantity but with different
sets of data. This was made pecssible in the Qctober experiment by the
high degree of redundancy in the measurement of the 3C273-3C27% relative
position. Table 10.4 displays the results of twenty-four determinations
cf the right ascension of 3C279 from six independent sets of data.
Each set of data was processed four times, progressively limiting the
data included in the solution to higher elévation angles. The angle
1imit refers to the lower limit of the elevation angle of either source
at either station. In each sclution only three parameters were adjusted:
a constant, an atmosphere zenith delay, and the right ascension of
3C279. The consistency of these results is remarkasble: the RMS value
for the six measurements is only 0?0002? for the 10 degree cutoff,
showing that atmospheric phase fluctuations are probably the limiting
factor in accuracy at low elevation angles, even though 3C273 and 3C27S
are only 10 degrees apart in the sky. The EMS increases rapidly for
higher elevation cutoffs. The sSources are above U0 degrees elevation

at both sites for only about one hour a day.
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Table 10.4

Estimated Values of 3C273-3C279 Right Ascension Difference

The seconds of time digits of the 3C279 right ascension
are displayed. No a priori constraint was employed in the
soluticns. The declination of 3C279, the position of 3C273,
and the station locations were all fixed to the values given

in appendix 5.

Date (1972) Lower 1imit of elevation angle of any scurce
10 20 30 40
Sept. 23 35.83485 35,8348 35.8348 35.6315
Qet. 1 .63440 L8343 .8336 .8268
Cct. 2 .83418 L6343 L8343 .8328
Oct. 18 .G3487 L8346 .8351 .8L04
Cct. 19 .83448 .8345 L8347 .8357
Cect. 20 .83443 L8345 .8348 L8478
Mean 35.83u454 35.83455 35.83455 35.863583
RMS .00027 . 00025 .00053 . 00740

6. Solutions Involving Large Fractions of the Total Available Dala

Z499 data points survived the process of correlation, phase
connection, and initial screening. These data are found in Apendix 4.
Each source-pair was successfully observed at least once in both January

and October. From these data, we must determine the values of the
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radio source coordinates and station locaticns. There are many choices
to be made concerning the exact nature of the solution, i.e., whether
or not to adjust, say, thg polar motion values, or the Green Bank offset
stations positions, The philosophy used here is to adjust a3 many
parameters a3 possible, placing a priori constraints (in the sense
explained in See. 1V.3) as desired to permit the determination of a
unique solution. The constraints are necessary to obtain a solutiou
sinece each observation of a pair of sources serves to define only two
parameters, the ampliftude and phase of diurnal sinusoidal dependence
of phase delay upon time. These twc parameters correspond, say, to
the relative right ascension and declination of the sources, 30 in
order to determine the baseline as well, for instance, additional
information is required. I1f as many parameters as pessible are adjusted,
with reascnable constraints where these are known, the data are permitted
to govern the adjustment in those parameters for which they are best
suited. As 2 by product, the formal standard errors of the parameters
determined will reflect more nearly the true errors, since the covariance
of the estimate of each is taken into account with respect to a wider
range of possible influences.

Relatively few of the large range of possible solutions will be
presented here. The results presehted here will show the consistency
of the solutions with respect to changes in the amownt of data included,

and will compare the results from January and October processed separataly.

7. Remark on 3C274 and 2134+00

The data invelving sources 3C274 and 2134+00 were taken to fill
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in small gaps in the schedule, and verify that these sources were
visible using the Haystack-NRAC interferometer. The time spanned by
the observations is so small that we judge it to be insufficient to
determine the source coordinates. Hence, these data were unweighted

in the solutions by giving them an error {(see section 4.2) of 100 ns.

8. FERemark on Station 1 (8§5-1)

Early in the procedure of trying various sclutions we discovered
that all of the data involving station 1 (85-1) were defective. This
only became obvious when more than one pair of sources was reduced
simultaneously. The extent of the preblem can be seen in the residuals
to the solution presented in figure 10.5; These residuwsls were computed
using the values of the parameters as determined in sclution 1 (see
below). Comparison of these residuals with a sample of those of solution
1 (figure 10.6) demonstrates that they are orders of magnitude greater
than would be expected, and are highly systematic. The only explanation
s¢ far advanced for this behavier is that on January 2%, 1972, when
85-1 was used because of a failure in the receiver at station 2 (85-2},
the phase compensation in the cable was accidentally shut off while
the repairs to 85-2 were being made. These data were deleted from all

solutions appearing here.

g, & iutions with all Data

What follows is a description of several sclutions, which will be

given numbers for future reference. The results of the various sclutions
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Figure 10,5
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are compared in figures 10.7 through 10.13.

In solution 1, January and October data are analyzed together.
The position of Westford relative to Haystack is adjusted, but the
positions of the antennas at Green Bank are fixed except for an overall
adjustment, which appears as an adjustment in the 85-1 cylindrical
radius and longitude. For each unbroken series of obssrvations of a
sowrce pair an instrumental constant is adjusted, and a zenith atmospheric
phase delay is determined. The zenith atmospheric phase delay at Green
Bank is adjusted, but it is fixed to 7 ns. at Haystack. This is
reasonable since the estimates of the atmosphere parameter at Haystack
and Green Bank are highly correlated. The correlation arises because
the sources ftend to be at approximately the same elevation angle at
the twe sites at the same time.

The coordinates of all scurces are adjusted, except that the right
ascension of 3C273 is fixed at 12h26m33§246 to provide the origin of
right ascension,

In solution 1, the x-component of polar motion and the value o¢f
A.T.-UT.1 are allowed & linear dependence on time for the duration of
each experiment separately. The values at Oh on January 26 and September
23, 1972 are separately adjusted. The y-component of polar motion is
fixed at the BIH value at the reference epoch in January and Ociober.
This is permissible since the sensitivity of the interferometer to
changes in the y-component was det=rmined by covariancge analysis to be
quite low, a factor of five removed from the x-component sensitivity.
Alse, the time rate of change of the y-component is relatively small

at hoth of these epochs,
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In solution 1, Einstein's value for the gravitational bending of
light due to the solar gravitaticon field was used. There was no
correction for solid Earth Tides.

4 priori constraints were applied to all source coordinates (see
Appendix 5). The consfraint was 0501 in right ascension and 0%1 in
declination. The constraint on the 85-1 peosition was 10m in radius
and the equivalent of 10m in longitude. The values of the x-component
of polar motion and of A.T.-UT.1 at the reference epoch were constrained
to 0"l and 0701 respectively. The slopes were not constrained. The
Westford coordinates were not constrained,.

All data for which both sources were above 15 elevation at both
sites were used. The solution included 2159 data points.

Solution 2 is identical to solution 1 except that the elevation
angle cutoff is raised to 30°. The solution included 1572 data points.

Solution 3 is identical to 1 and 2 except that the elevation angle
cutoff is raised to U45°. The solution included 236 data peints. The
pair 3C273-3C279 was completely excluded by the elevation critericen,

Solution ¥ involves only data from Januazry. There are 550 data
points. The a priori constraint on the long baseline was 5 meters,
with 5 cm. constraint on the baseline offsets. The source coordinates
were constrained by the values of the error guoted in ref. 2 except
that the constraint for 3C84 was 0301 in right ascension and 0%l in

declination.
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The baseline offsets in Green Bank were adjusted in this solution,
but were constrained as above.

Selution 5 is identical to solution 4, except that only October
data were analyzed. There were 1609 data points.

The points labelled "A" in figures 10.7 through 10.13 are at the
a priori values for the parametera. These values are listed inoppendix

5.
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XI, Discussion and Conclusions

1. Examination of the Results

- Figures 10.7 through 10.13.revea1 that the results for a particular
quantity varied among the various solutions by amounts greatly exceeding
the formal stanﬁard evror predictaed by the linearized least-squares procedure,
A further difficulty is revealed in the residuals (observed minus computed
phase delays) te the various solutions. An example of the appearance of
the residuals to solution 1 has been given in figure 10.6. This figure
makes it clear that the conditions explained in section IV.Z have not been
met, that is, the residuals are not independeni samples of a gaussian random
variable, but are correlated. How can this behavior arise? Unfortunately,
all too easily. The phase error resulting from uncompensested changes in
the local oscillator cable length from the Haystack control room to the
receiver is of the correct magnitude (section IV.,2). It is also possible
that systematic errors of this magnitude can result from atmospheric refraction
if the air mass was changing character (say from polar to tropical or vice
versa) at either end of the baseline. Phase changes of this magnitude, but
of shorter duration can result from clouds of water vapor in the summer
atmosphere,

It is doubtful that errors in the theoretical model for the interfsrometer
delay, such as might arise from inadequate knowledge of the rotation of the
Earth, cause the observed differences in the measured source coordinates
between the January and October experiments, since the are distances between

the sources as measured in January and October also differ significantly.
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These arc distances would tend to be independent of rotations of the coordinate

system they are measured in.

Figure 11.1 - Arc Distances Between Sources

Source Pair Arc Distance (Jan) Arc Distance (Oct) Change (Jan-Oct)
3C273-3C345 687321221483 66321221455 -0%028
3C345=-3C454.53 81 47 40.360 81 47 40.472 ~0.092
3C454 ,3-3C84 61 51 41,811 61 51 41.692 -0.119
3C84-4C39.25 66 28 50.411 66 28 50.515 -0.104
4c39.25-3C273 55 29 44.935 55 29 U4.976 -0.041

Figure 11.1 displays arc distances determined in a solution in
which the source coordinates were allowed to be different in January

and October, but the baseline was in common for the two experiments.

2. Improvements in the Technique for Future Experiments

Three significant improvements in the state of the ari{ have occurred
since 1972. First, reliable means have been developed for calibrating
the phase delay through a VLBI receiver system from the antenna feed
horn through the tape recorder% Second, systems are being developed
to determine the atmespheric refraction along an arbitrary line of
sight through a combination of ground level femperature, pressure, and
dew point measurements and cobservations of the copacity of the atmosphere
in the 22 GHz water vapor absorption line along the desired line of
sight? These two developments would improve the accuracy of the

differance phase measurement significantly. On the other hand, the
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third development - wideband group delay measurement - offers an
alternative method with some advantages.

Receivers with bandwidth of up to 500 MHz have been developed for
use in the Mark-IIT VLBI system§ Experiments performed withlthese
receivers and the Mark-I recording system have yieldad post-fit residuals
with RMS of onlj about 100 picoseconds - about four times the post-fit
RMS delay of the October four antenna experiment. With the higher
8ignal to neise ratic available using the wide bandwidth Mark-I1I
recording system, the errors in group delay measurement may well be
reduced. Furthermore, the group delay measurements suffer far less
from the problem of ambiguities sc¢ that observations can be made of
more than two sources at a time without losing track of the proper
delay ambiguity. Even the differencing method, which removed the clock
error almost entirely from the four-antenna observations, can be used
to substantially eliminate clock error as a limiting factor in the
group delay measurements simply by differencing delays from observations
of different radio sowrces made at nearly the_same time. 1f differencing
can be done profitably on observations t;ken at different times, only
cne antenna is needed at each end of the baseline.

In conclusion, it seems that while in 1972 there was a significant
potential gain in measurement accuracy to be expected from the four-anienna
technigue, this is no longer true, and I judge that the technique will
find application in the future only in cases where truly simultaneous

observations of two widely separated objects are reguired.
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Appendix 1: The Haystack-Westford Land Survey

Early in 1967, a land survey was conducted by Ramond C. Pressey, Inc.,
Lynn, Massachusetts for the M.I.T. Linceln Laboratory in order to determine
the relative pesitions of the Haystack and Westford antennas. At the time,
these antennas were owned by the Lincoln Laborstory. The survey was carried
out in order to determine the baseline of the Haystack-Westford radar
interferometer, The following zummary is taken from material supplied by
Pressey, Inc. in 1667, clarified by personal discussion with Mr. Pressey.

At Westford, the center of rotation aboul the azimuth axis was determined
by fixing a plumb-bob to the superstructure, then rotating the antenna in
azimuth while marking the path of the plumb-bob on the concrete flcor,

Three peints were marked, and used to determine the position of the center

of rotation. The position reference point at Westford was the point on the
azimuth axis which is clesest to the center line of elevation rotation. At
this point, the perpendicular distance beftween the centers of the azimuth and
elevation axes is 12.50 inches according to the antenna plans. The offset is
positive, that is, the elevation axis is displaced in the direction in which
the antenna is pointed.

From the concrete support structure, a survey was made with tape and level
to a point cutside the radome building. From there, the survey was continued
in four legs up te the Millstone 1957 benchmark., Each leg consisted of a
distance measurement, a vertical angle measurement, and an azimuth measuremsnt.
Each distance measurement was made by geodimeter, and is expected to be in
error by less than 1 cm. The elevation angle measurementis were carried out

to the nearest ﬁinute of arc and the azimuths t¢ the nearest second. From
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Millstone 1957, the survey was extended to the Haystack Cuter Control No, 2
by geodimeter, and from there the survey was carried through the radome doors
by tape and level to a mark on the concrete floor, and from there to the point
of intersection of the center lines of azimuth and elevation rotation.

At each vertex between two surveyed lines, only the relative azimuth was
measured. The absolute azimuth with respect to true north, was obtained from
an observation of Polaris on January 23, 1964 from Haystack Outer Control
No. 2. From this observation of true north, the azimuth of the line Millstone
1957 - Haystack No. 2 was computed to be 204°M0'39", and all other azimuths
were computed assuming this value.

The total resulting from the sum of all the individual surveyed lines is,
for Westford relative to Haystack,

Distance (1) 4066.16 feet

Azimuth (a) 201 53'47"

Elevation (e) 1" 22'53"
Pressey estimates that 10 cm. is approximately the tolerance of the relative
pesition,

In November, 1967, the radome was temporarily removed from Westford,
affording the opportunity for a direct sight from Millstone to Westford,
When the direct sight was made, the distances and angles were corrected by
a negligible amocunt compared to the error of 10 com. expected in the relative
pesitien,

The coordinates, distance (1), azimuth (a), and glevation (e), must be
converted to geocentric cylindrical coordinates for use in the computer
program VLBI 3. The first step is to define rectangular coordinates x,y,z

where
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Zz is the direction cof the local vertical
X is in the meridian plane at Haystack, pointing north
y is toward fhe west
then a is measured from the x-2 plane, and e is measured from the x-y plane
X = 1cosecosa

-1 cos e sin a

y
2= 1 aine
the second step is to reoctate the coordinates about the y-axis until z points
to the north celestial pole. This rotation is by an amount ¢ = (W/2-b)
where b is the geodetic latitude of Haystack. (b=42"37'23%504 according to
l1st Geodetic Survey Squadron Tracking Station Data Sheet No. 284, 18 Sep
1970)

This rotation produces new coordinates xl,yl,zl where

1 . .
X = X cos8 ¢ - 2 8in ¢
1
y =%
1 : ,
Z = X 3ln¢ 4+ Z oS ¢

Then, the cylindrical z - offsefl Az is equal to‘zl, the cylindrical radius

offset A is equal to —xl, and the c¢ylindrical longitude offset is

. ul
ﬂg:-hlm_l ( J

q+5}\ where 2. is the cylindrical geocentric radius of Haystack,

47G0.643324 km, according to the Geodetic Survey Squadron data sheet no,

28A. Performing these calculations yields

Nz = — 0. BLEIS3 kw.
Ag = G° 00T 62
fjft = QTS—%S” v .
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Appendix 2: Green Bank Antenna Cffsets

Conventional surveys of the positions of the Green Bank antennas have
not been performed with the care which was given to the Haystack-Westford
survey (appendix 1). Instead, since the NRAO interferometer is often used
for the determination of radic sowrce positions, the data from the interferometer
itself have been used to determine the baseline constants - a set of three
numbers which characterize the vector separation of each of the movable
antennas from the fixed one, 85~1., The methed used is somewhat circular.
First, a simultaneous determination of radio socurce positiong and baseline
parameters is made, thereafter, the positions of the radio sources, now
called calibrator sources, are fixed and thé baseline i3z determined from
the data. The baselines are determined in a rectangular coordinate system
where the z-component is parallel to the Earth's spin axis (of date), the
x-axis is in the Egquatcrial plane (of date), and penetrates the Earth's
surface at a longitude of 5h19m205 west of Greenwich. The y-axis is in a
right-handed sense. Local sidereal time is kept for this longitude by a
crystal cloeck with an uncertainty which may be in excess of 50 millisec
known only a postericri. No reference is made to the standard methods for
determining UT.1 from UTC - indeed, the UTC of the observations is not
recorded. Fortunately, the baselines involved are very short - 2.7 km at
most ~ so that the error involved in the conversion of thé baseline parameters
from x,y,z coordinates to cylindrical geocentric coordinates is likely to
be small. The order of magnitude of the errcr is the maximum short-baseline
fringe rate ( 5 Hz) times the sidereal clock error ( 50 ms.) which is about

G.25 rotation of phase, or about 1 cm.
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The figures for the baseline components supplied by E. Fomalont.of the
NRAC are in Table A2.1. The typical consistency in a baseline component,
determined from many determinations of the component, is 0.25 wavelength,
or about 1 cm.

These baseline parameters must be converted to eylindrical geocentric

position offsets

The diagram above repreaents the x-y plane. 4z , the cylindrical z-offset,
is given directly by Bz. 'ﬁl in the diagram is a two-component vector made
from the equatorial compcnents cf B. £ i3 the cylindrieal longitude offset,

and IT)- %] i3 the radius offset, where || is the cylindrical radius

of 85-1, given in appendix 3 as 5003.203430 km,

Table A2.1 - NRAO Interfercometier Baseline Components

Wavelengths at 6085 MHz w.r.i. the positicn of 85-1

Station Bx By Bz
3 ~-13600. 20 -42878.11 18250.68
4 -14356.81 -45260.76 19264.61
2 -20436.65 -64319.97 27346.72

Typical errer 0,25 wavelength
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The vector to 85-1 from the spin axis in the x-y plane has the components

(%,0). The vector to the offset site has the components (%+B:, & ). The
I

magnitude of the vector ri is therefore VS Bjﬂ!f&ﬁl+ 8y° ]/2 and the

radius offset Ax = |wl-{7l = (TR + 8y ]2 () €, the longitude offset is
given by -§- h”; E§§“ evaluwating these quantities for the baseline parameters
017D

of Table 42,1 yields

Station
3 0.504549 0.018205 -0.676736
b 0.532633 0.019217 -0,714333
2. 0.758372 0.027308 ~1.014018
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Appendix 3: Correction for Relative Rotation of the

Interferometer Receliving Antennas

The receiving antennas at the Green Bank site are all equatorially
mounted, hence the orientation of the feed horn remains fixed relative to
the right ascension-declination coordinate system. At Haystack and Westford,
howzver, the antennas are azimuth-elevation mounted, and the feed horn will
appear to rotate szbout the symmetry axis of the antenna, as viewed by an
inertial observer, as a given source is tracked through its daily path in
azimuth and elevation. The relative rotation of the feeds at Haystack and
Green Bank causes the relative phase of the radiation at Haystack and Green
Bank, and therefore the interfercmeter fringe phase, tc be shifted from the
values ié would have in the absence of the relative rotaticen.

Imagine a circularly polarized monochrouatic plane wave propagating in
the positive z-direction Then at constant z, the electric field components
are

Ex

Eo cos wt
Ey = EO sin wt
This is according to the IEEE definition, a right eircularly pelarized
(positive helieity) wave,
These field components may be expressed relative to a sst of axes
rotating about the z-direction

1

Ex Ex cosnt - Ey sinilt

1

Ex Ex sinat + Ey cost

-100--




In this transformation the xl,yl axes are rotating in & direction opposite
to the directicn of rotation of E.

Simplifying the above,

Exl

Eyl

E0 cos (weDYL

E, sin (wesDt
And so the wave cobserved from xl, y1 has had its phase shifted by the amount
t, the angle of rotation of xl, yl relative to x, y.

The extra energy transfer to the receiver implied by the higher frequency
of the radiation is actually supplied by the rotation of the Earth. The
Earth must supply energy to rotate the feed horn against the torgue exerted
by the incoming radiation.

This energy supplied by the Earth appears as an increased frequency of
the radiation as viewed by the receiver.

The proper correctlon for use with the four-antenna interflerocmeter may
be calculated simply by reference to the Figure below

4

-
L
[o!

\

where a,e is the azimuth-elevation coordinate system and H, is the hour
angle - declination coordinate system, both on the surfece of the celestial
sphere and assured to be loeally rectilinear in the region swurrounding the

point of interst P, The quantity desired is the angle §, the inclination
VR

of the H axis relative to the a axis. This is given by %: sw \ 45 L5 )
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The partial derivative may be evaluated from the relation
sy (&) = Sim ) Sim (6) % ot Uy) cos (£ ces (W)
where &, H are the declination and hour angle ¢f the source and where §¢ is

the geodetic latitude of the site. The result is
ws P sm
o s | ST
s e

cos e may be evaluated by means of the formula for sin e, since e i3 always
a positive angle less the "/2.

There are four potentially relevant angles. They will be called §Q ;
for source i at site Jj. Since the telescopes at Green Bank are equatorially
mounted, rotatiﬁg with the (&, H) coordinates, only the angles at Haystack
need to be considered. &Since the radiation received in this experiment was
left-circularly polarized (or of negative helicity), and is considered to
have its electricfield components defined in the (¢, H) coordinates an
increase in the angle implies a decrease in the apparent phase at the
site, A phase lag at the Haystack site increases the phase delay measured
by the interferometer, since the interferometer computes the phase at site
2 minus the phase at site 1, and site 1 was a2lways taken to be at the Haystack
end of the long baseline, Finally, since the difference phase was taken in
the sense "source 2 minus source 1", we may express the final correction to
the phase: )

g—bi—:d - 3“ B gz
which is to be added to the observed fringe phase difference before further

analysis.
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Appendix 4: Observed Differenced Delays
This appendix contains a tabulation of all observed differenced phase
delays. The difference is taken in the same sense {source/baseline 2 -

source/baseline 1). The stations are as follows:

H = Haystack
W = Westford
1 = NRAC 85-1
2 = NRAO 85-2, 270Cm.
3 = NRAO 85-3, 1800m.
4 = NRAC 85-2, 15%00m.

See chapter X for notes on the processing of these data. 1n particular,
note that data taken with s£ation 1 were not included in the source position
determinations. The weights are calculated so that the weighted RMS residual
(see section IV.2) is approximately 1 for an adjustment of a elock constant,
an atmosphere parameter, and the relative right ascension and declination

taking each pair of sources separately, one day at a time.
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SITES 1 SITES 2 SOURCZE 1 SOURCE 2 DATE uTt CELAY (P5) WELGHT (85)

H=3 W—4 30279 3C273 9723 14 0 99257872, 19.
H-3 W-4 3C279 30273 9,22 14 3 121323132, 139,
H-3 W=4& 30279 30273 9/23 14 6 13338220, 195,
H=3 -4 30279 30273 9723 14 9 105311785, 1g,
H-13 W—4 3C279 3C273 9/23 1412 107247466, i3,
H=—3 W—4 30276 3C273 9/22 1415 149123954, 19,
H-3 W-4 3C279 3273 9/22 1418 110961908, 19.
H~=3 W=4& 30279 30273 3/23 1421 112754038, 19.
H=-3 W~4 30279 30273 G/23 l4a2a 114499996, 19,
H-3 W—4 30279 3C273 9/23 1427 116199493, 19.
H=3 k=4 3C27% 3C273 /23 1430 117852240, 19.
H-3 W—4a 30279 3C273 G/23 1433 119457973, 13,
H=32 W-4 30279 3c273 9/22 1436 121016405, i9.
H=3 W—4 3C279 3C273 9/23 1439 122527233, 19,
H-3 W~4 3C279 3C273 9722 1442 123997221, 19.
H-3 W—4  3C2T79 30273 9/23 1445 125405111, 19,
H=3 W-4 30279 30273 9/23 1448 126771676, 19,
H-3 W=4 30279 3273 9/23 1451 128789671, 13.
H-2 W—4 30279 3C273 9/23 1454 129358853, 19.
H=3 W—4 30279 3C273 9/23 1457 130573313, 19,
H-3 w=4 30279 3C273 9/23 1% ¢ 131749953, 19.
H=-3 W—4 30279 302732 9/23 15 3 122871463, 19,
H-3 W-4 302793 3C273 9/23 1% 6 133943351, 13,
H-3 k-4 30279 3C273 /23 1% 9 134965400, 13,
H-3 W—4 30276 3273 5/23 1512 135937491, 19,
H=-3 wW=4 30279 3c273 9/22 1515 136852405, 19,
H-3 w=4 3C279 3C273 9723 1518 137731023, 13,
H~3 W—4 30274 3273 9/23 1521 138552171, 15,
H=-3 W-4 30279 30273 3/23 1524 139322709, 19.
H=3 k=4 3C279 3C273 /23 1539 140711456, 19,
H=3 W—4% 302749 3273 9/23 1533 141329436, 1<.
H=13 W—4  AC279 30273 9/23 153¢ 141896324, 19.
H-3 W—4 30279 3C273 9723 1539 142412333, 19,
H-3 - W—4 30279 3273 9/23 1542 142876464, 19.
H-3 W4 30279 20273 9/23 1545 143289555, 19.
H-3 h—4 30279 3C273 /22 1548 143651214, 19.
H=-3 wW—4 30279 3C273 /23 1551 1439613938, 19,
H-3 W=4 3C279 3C273 /23 1554 14427250410, 19.
H-3 W=&4 30276 30273 9/23 1557 144427107, i9.
H=3 W—h 30279 30273 3723 16 J 144582563, 15.
H=3 W4 302797 3C273 9/23 16 3 144666255, 19.
H=3 W=&  3C279 3273 93/232 146 6 1447384G4, 13.
H=3 W—4  3C279 acz2v3 9/23 1612 144687729, 19,
H-3 W—4 30279 30273 9/23 1615 144534864, 13,
H=-3 W—& 30279 3C273 9/22 161E - 144430357, 19.
H-3 W4 30277 3C273 /23 1621 144224234, 19.
H-3 W=4 302739 3273 9/23 1624 143966516, 19.
H-3 k=% 3C279 3C273 9/22 1627 142657259, 15.
MH=3 W-4 30279 3C273 9/23 1630 143296507, 19,
H~-3 Wi—4 30279 3C273 9/23 1633 142884337, 19.
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SITES 1 SITES 2 SODURCE 1 SOURCE 2 DATE  UT DELAY (PS)  WEIGHT {PS)

H=13 W—& 3C279 3273 9723 1912 52241836, 13,
H=-3 W=4 3279 30273 9/23 1915 49380480, 19,
H=13 W—4 30279 36273 $/23 1918 46483393, 19.
H-3 W—4 30279 3IC272 9/23 1921 43552585, 19,
H-3 W=4  3C279 3C273 9/23 1924 405857023, 19,
H-3 W=4 3C279 3273 9/23 1927 37587728, 19.
H~3 W=4 30279 3273 9/23 193¢ 34555225, 19.
H-3 W-4 30279 3C273 9/23 1933 31490039, ~19,
H-3 W—4 30279 30273 9/23 1936 28392662, 19,
M~-3 W=~4 3C279S 30273 3/23 1539 25253664, 19,
H-~3 w—4 30279 3273 9/23 1942 22103591, 19,
H~3 W-4 30279 3273 9/23 1945 18912956, 19.
H-3 W—& 30279 3273 9/23 1948 15692376, 194
H=3 W—4  3L279 3C273 G/23 1951 126442311, 19.
H-3 Cw—4 30279 30273 9/23 1957 5856151, 19.
H-3 W—4 3C279% 30273 5/23 2+ 3 -B41771. 19,
H=3 W=&  3C279 30273 9/23 20 9 -7644511, 19.
H-3 k-4 3C279 30273 9/23 2015 ~14549716. 19,
H=13 W—4 30279 3C273 G/23 2.21 -21551 8%, 19.
H-2 W=4 3C279 3C273 9/23 2027 -28645941 ., 19.
H=-3 W=4% 30279 30273 9/23 2G323 -3582734%4, 19,
H-3 W—4 30279 3IC273 G/23 2039 -430G9598 . 19.
H=13 W—4 30279 36273 9/23 2045 -50431852, 19,
H~3 W—4 30279 30273 9/23 2061 -57844939, 19.
H~3 W~4 3C279 30273 9/23 2057 -65325091 . 19.
H-3 W—& 30279 3C273 i/ 1 1348 117840620, 19,
H=3 W=4 30279 3C273 10/ 1 1354 114333705, 19.
H=-3 W=4 3C279 30273 17/ 1 1357 116010627, 19.
H-3 W—4 3C279 3273 17/ 1 14 = 11764:628. 15,
H-2 W=-4& 2C27% 30273 1/ 1 14 & 1205758866, 19.
H—3 k=4 30279 3IC2T3 12/ 1 14 9 122246550, 19.
H-3 W-4 30279 30273 1/ 1 1412 123686278, 15
H=-3 W-% 302739 Ac273 14/ 1 1418 126420834, 19.
=13 w—4& 30279 L2732 107 1 1424 128960673, 19,
H-3 W=-4 302773 30273 19/ 1 143; 13137 4773, 19,
H-3 W-4 30279 30273 1%/ 1 1442 135394956, 19.
H~3 W=-%4 30279 3C273 15/ 1 1445 136292588, 19.
H-3 W—4 3C276 30273 15/ 1 14438 137139755, 15,
H=3 W—4 30279 AC272 10/ 1 1454 138632390, 19,
H=13 W—4 3274 30273 197 1 19 9 140021864, 19.
H—3 W=-4 30279 30273 1/ 1 15 56 141157230, 19,
H~13 W—4 3C279 3273 1/ 1 1512 1420876754 19.
H-3 W~4 3C279 30273 16/ 1 1518 142812559, 19,
H-3 W—4 30279 3C273 16/ 1 1524 143331459, 19,
H-3 W—% 30279 30273 1"/ 1 1530 1436439.5, 15.
H=-3 W—4 36279 30273 1%/ 1 1526 143749855, 19,
H-3 W=4 30279 30273 147 1 1539 143725323, 19,
H-3 W~4 3C27% 3273 1/ 1 1542 143649123, 19,
H=3 W—4% 30279 3C273 157 1 1545 142521138, 19.
H~3 W—4 30279 3C273 10/ 1 1548 143341548, 19,

- 10—




SITES 1 SITES 2 SOQURCE 1 SOURCE 2 DATE  UT DELAY (PS)  WEIGHT (PS)

3C273 3C273 1%/

H-3 W=4 1 1551 143110461, 19,
H-3 W—& 3C279 30272 18/ 1 1554 142827828, 19.
H-13 W—4 30279 30273 109/ 1 16 D 142108011 19.
H-3 W—4 30279 30273 1%/ 1 16 & 1411828677, 19.
H=3 k-4 30279 30273 12/ 1 1624 1371803253, 19.
H=-3 k-4 30279 3C273 18/ 1 1639 135449455, 19,
H-3 W-4 3C279 3273 19/ 1 1636 133499676,  19.
He~3 W~4 30279 3273 1%/ 1 1642 131359298, 19.
H-3 W~4 3C279 3273 10/ 1 1648 129025775, 19,
H-3 W—4 30279 30273 10/ 1 1654 126485733, 19.
H-3 W& 30279 3c273 19/ 1 170 123755896, 19.
H-3 W~4 30279 3C273 1/ 1 17 6 120833133, 19.
H~-3 W—4 3C27% 30273 in/ 1 1712 117719489, 19,
H=13 W—4 30279 30273 17/ 1 1718 114417117, 1%,
H=-3 W—4 30279 30273 19/ 1 1724 110928284, 19,
H-3 W—4 3C279 30273 167 1 1739 107255389, 19.
H—3 W—4 3C279 - 30273 1/ 1 1736 153452947, 19,
H=3 k-4 3279 30273 16/ 1 1742 99367618, 15.
H=3 k-4 30279 3C273 10/ 1 1748 . 95158204, 19.
H~-3 W—4&  3C27%3 30273 17/ 1 1754 9iTT56 T o 19,
H=3 W=4 3C279 3C273 1/ 1 18 9 627228706, 19.
H—~3 W—=4 30279 3IC273 19/ 1 18 6 81502963, 19.
H=-3 W—4 30279 30273 1"/ 1 1812 76519344, 19,
H-3 W—4 30275 30273 17/ 1 1818 71575294, 15.
H-3 W=4 3C279 3273 137 1 1824 66374276, 19,
H-3 W=4& 30279 30273 19/ 1 1830 61019944 . 19.
R-3 W—4 3C275 aca273 137/ 1 18326 55515914, 19,
H-3 W=4 30279 30273 157 1 1842 49865992, 19.
H-~3 wW—4 30279 3273 15/ 1 1848 44074596, 19.
E—-13 W-4  3L279 3273 17/ 1 1854 38144217, 15,
H-3 W-4 3C279 3C273 16/ 1 1857 35128790, 19.
H-3 W—4 3CP279 3C273 10/ 1 19 3 28999590, 19.
H=3 W~a4 3270 3273 1"/ 1 19 ¢ 22742805, 19.
H—-3 k=4  3C279 30273 15/ 1 1915 16362710, 19.
H~73 W=4 30279 . 3C273 18/ 1 1921 3863713, - 19,
H=-3 wW-4 30279 30273 1%/ 1 1927 325:299, 15,
H-3 W=4 30279 3273 14/ 1 1936 -6874388. 15.
H-3 W=4 3C279 3273 147 1 1642 -1375%3775. 19,
H=3 W=4 3C279 3C273 1/ 1 1548 —2.T31274,. 15.
H=3 W—4 30279 3273 1M/ 1 1954 -2750:21%94, 19.
=3 W—=4 3C279 3273 12/ 1 20 0 -34961424, 19,
H-3 W-4 3279 3c273 10/ 1 20 6 -422 42642, 1.
H-3 W—-4 3C279 3C273 15/ 1 24012 -4G575669, 19.
H=3 W=4 30279 30273 16/ 1 2518 ~56924513, 19.
H-3 W—4% 30279 3273 10/ 1 2024 -64383864, 19,
H-3 W=4 30279 3C273 1/ 1 2:3% -~71910402. 19
H-3 K—4 30279 3273 10/ 1 2036 -79495042. 19.
H=-3 h—4 30279 3273 10/ 1 2242 -87132525, 19,
H-3 W—4 30279 IC273 14 1 248 -94817564, 19.
H=73 k=% 3C27% IC273 1IG/ 1 2054 ~172544895., 19.
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE Ut DELAY (P5S)

H=3 W—4 30279 3C273 187 1 2257 ~106422813.
H~3 W—4 30279 3C273 1=/t 21 3 ~1142:3658,
H=73 W~4 30279 3C273 127 1 21 9 -122013363.
H=3 W=4 30279 3C273 0/ 1 2115 —129E45650
H~3 W—4 30279 3C273 157 1 2121 ~137658125.
H=-3 W—4 3279 3C273 /s 1 2127 -145562334,
H-3 k=% 30279 3C273 107 1 2133 ~153433957.
H-3 W—4 30279 3¢ 273 s/ 1 2139 ~1613:7556,
H=-3 W—4  3L2792 30273 117 1 2145 -169177594.
H=-3 W—4 30276 3273 10/ 1 21%1 -177038793,
H-3 W-4 30279 3C272 107 1 2157 ~184885834,
H~3 W~4 30279 3C273 i/ 1 22 3 -192713267.
H-3 W—=4 3279 30273 197 2 14 3 121227159,
H-3 W—4 30279 3C273 1o/ 2 1418 128158477,
H-3 W—4 30279 3C273 1%/ 2 1424 1324519745,
H=-2 Ww—4  3C279 30273 10/ 2 1427 131651372,
H-3 W—4 3C279 3C273 14/ 2 1433 133745722,
H=-13 W-4 30279 3273 177 2 1436 134748728,
H-3 W=4 3C279 3C273 137 2 1439 135680267,
H-3 W—4 30279 3C273 10/ 2 1445 137393738,
H=-3 W~4  3C279 3C273 177 2 1451 13894887,
H-3 W~%& 3C279 30272 1~/ 2 15 3 1413216304,
H-32 W=4 3C279 30273 1457 2 165 9 142214863,
H~3 W=4 30279 3273 Vo7 2 1515 142977845,
H=-3 W=4  3CZT79 3C273 ins 201521 143394725, 18,
H-3 W=4 30279 3C273 127 2 16527 143675162, 1d,
H-3 W—4 30279 30273 16/ 2 1533 143748962, 1d.
H-3 W-4 3C27% 273 1/ 2 1539 143616062, 18,
H=3 Ww—4 3L279 30273 3/ 2 1545 1432735603, 18,
H=-3 W-4 30279 30273 10/ 2 1548 1430629469, 15,
H=3 W—4 30279 30273 1L/ 2 1551 1427302857, 18,
H-Z k-4 30279 30273 gy 20 1557 141979403, 1.
H=3 W—4 30279 3C273 15/ 2 16 3 141021754, 18.
H~3 W—4 30279 AC273 1y 2 16 S 1398597 8. 18.
H-3 k=4 3C27T9 30273 1/ 2 1615 138493626, 1&.
H=-3 k=4 30279 3¢273 10/ 2 1621 136924581, 13.
H-13 W=4 3C279 3C213 1o/ 2 1624 136764155, 18.
H=3 W—4 30279 30273 i/ 20 1627 135193447, 13.
H~3 W—4 30279 30273 a7 20 1633 133131593, 18.
H=-3 K=4 3C2739 273 17/ 2 163§ 13101 :346, 18.
H~3 W—4 30279 3C273 %7 2 1642 1296534506, 18,
H=-3 W=4 30279 30273 149/ 2 1645 128641210, 18.
H-3 W=-4 30279 3C273 o/ 2 1651 126075784, 18.
H=3 W-4 3C279 3C273 1hy 20 1657 123315874, 15.
H-3 W—4 3C273 3C273 o7 2 17 3 120363383, 15,
H=3 W—4  3C279 30273 12/ 2 17 9 117223275, 13.
H~3 W—4 3C27% 30273 1/ 2 1715 113638842, 18,
H=-3 k=4  3C279 273 iy 20 1718 112153154, 148,
H-13 W—4 30279 3C273 W6/ 2 1724 128543401, 18,
H=-3 W—4 30277 3273 17/ 2 173w 174751264, 18.
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE uT DELAY (PS) WETGHT tfP'S}

H=-73 W=4 30273 3273 144 2 27438 -998751956., 18,
H-2 W=4 3C279 2273 12/ 2 2051 —133746777. 18.
H-3 wW=4 3C273 3C273 107 2 2054 -107627343. 18.
H-3 W=4 30279 3C273 i/ 2 257 -111516317, 18,
H=3 W—%  AC279 3C273 a7 2 21 2 -115412996. - 18,
H=3 W—4 30279 30273 19/ 2 21 3 -11931656%94, 18.
H-=3 W=4 3C279 3273 sy 2 21 6 -123226763. 18.
H-3 W-4 3C279 3C273 187 2 21 9 -127142586, 18.
H-3 k-4 30279 30273 107 2 2112 -131063238, 18.
H-3 W=4 3CZ79 3273 167 2 2115 -1249838292., 18.
H~73 W=4 30279 3273 in/s 2 2iie -1385175G4%. 18,
H=3 W=4 3C279 3C273 07 2 2i2l -142848739. 18
H=3 W—=4 30279 30273 Lo/s 2 2124 146782728, 18.
H=3 W—4& 3C279 30273 1/ 2 2127 150718399, 1&a
H-3 W=a  2C279 3273 Lo/ 20 2130 -1544655G23., 18.
H=-3 k=4  3C279 3C273 10/ 2 2133 -158591885., 18,
H—3 W=4 3C2T9 30273 17/ 2 2136 —162523336. 15.
H-3 W—4% 3C279 3273 1%/ 2 2139 -166463736. 18,
H=—3 W—4&  2C279 3C273 16/ 2 2142 -170397406, 18,
H-3 W—4 30279 3273 17/ 2 2145 ~174328589, 158,
H-3 k-4 3C279 30273 1%/ 2 2148 -178256713. 18.
H=3 k-4  3C2749 30273 1/ 2 2151 ~182181092. 1€,
H-3 W—4 302745 3C273 "7 2 2154 -186171%51. 18.
H=-3 W-4 30279 3C275 137 2 2157 =19043159410, 18.
H-3 =4 302745 3CZ275 a7 2 22 10 -19392498G. 1g.
H-13 W—4 302779 30273 ivsr 2 22 3 —197827684, 18.
H-3 W4 30279 3C273 12/ 2 2?22 6 2011723247, 18.
H=-3 W-4 3C273 3273 1o/ 2 22 9 -25611327. 18.
H=-3 W4 30279 30273 197 2 2212 209490949, 15.
H=3 W=4 302749 30273 1./ 32 1242 ET8TTIED, 2%
H=23 W-4 30279 30273 i/ 3 1245 10474315, 24 .
H—3 W=4 3C279 3C273 13/ 3 1248 73032498, 24,
H-2 W—4 30279 30273 1./ 3 1251 75551248, 24
H=-3 W=4 30279 30273 167 3 1254 T8G20159. 24%.
H—3 W—4  3C279 30273 197 3 1257 BO4EST04. 24
H=3 W=4 30279 30273 1/ 3 13 4 82866553, 24,
H—-3 W—4 3C279 3C2732 /2 13 3 8522326%. 24
H-3 w—a 30279 30273 1/ 3 13 6 87538413, 24 .
H-3 k=4 30279 3C273 127 3 12 8 B981162.:. 2.
H~3 W—4% 3C279 30273 147 2 1312 Q2042451 . 24,
H-3 W-& 3C279 30273 187 3 1315 42305067, 24,
H=-3 W—4 30279 3C273 137 3 131%i8 96375510, 24,
H=3 W-4 30279 3273 1-7 3% 1321 FE4THI30, 2%,
H-3 W-4 30273 3C273 7 3 1324 104534581, 24,
H-3 =4 30279 3C273 i3/ 3 1327 102547964, 24
H-3 W-& 30279 30273 1/ 3 1337 174516820, 2%,
-3 W=4 302795 3C273 /03 1333 1064407 TER, 24
H~3 W—4& 30279 30273 12/ 3 13356 108319492, AN
H=73 W-a& 30279 30273 1/ 3 1336 112152598, 24,
H~3 W=4 302773 30273 18/ 32 1342 111929864, 244

- {110~




SITES 1 SITES 2 SOusCe 1 SOURCE 2 DATE ut DELAY (PS§) WETGHT

H=-3 W—4% 3273 AC273 12/ 3 1345 113568092¢%, 24 .
H-3 W—£4 L2779 3C273 i~/ 3 1348 115375476, % -
He=2 W—54 30279 AC273 187 3 1351 117023306, 74,
H~3 W=4 30279 3C273 10/ 3 1354 116624043, 24,
H~3 w-4 3C273 3273 15/ 3 1357 1201774364 - 24.
H=3 k=4 3C279 30273 19/ 3 14 2 121683247, 24,
H-13 W=4 30279 30273 10/ 3 14 3 123141158, 24.
H=3 W~4 30273 3273 1/ 3 14 & 124554545, 24,
H-3 W-4 3C279 30273 10/ 3 14 9 125612412, 24,
=73 W—& 30279 30273 19/ 3 1412 127225256, 24,
H~3 W—4 30274 36273 15/ 3 1415 128489247, 24,
H=13 W4 30279 3C273 19/ 2 1418 129734197 24,
H-3 W=4 3279 3273 17/ 3 1421 130669938, 24,
H-3 W=4 3C279 3C273 107 3 1424 131986253, 2% «
H-3 W-4 3C279 30273 19/ 3 1427 1230525659, 24,
H=-3 W= 30273 36273 10/ 3 1430 134069680, 24,
H-3 W—4 30279 30273 10/ 3 1433 135036526, 24.
H=3 Wi— 4 LTS 30273 1/ 2 1436 135953129, 24,
H=3 W-4 30279 3C273 13/ 3 1439 136819406, 24,
H-3 W—54& 3C2749 AC273 107 3 1442 137&£35229, 24
H—13 W—4 3C2T7S L2732 1/ 02 1445 138453437, 2% 5
H=13 W-4 30279 30273 15/ 1 1448 139114867, 24,
" -3 W=4 30279 30273 10/ 3 1451 139778455, 24,
H—3 W-4 3C279 3¢273 1./ 3 1454 147391731, 24,
H-3 W-4 3C279 2C273 19/ 3 1487 140952518, 24 .
H=-13 =4 3C279 AC27T3 107 3 1% 4 141462794, 24,
H=3 W= 4 3279 3C273 10/ 3 15 3 141921512, 24w
H-3 W—4 30279 c2732 1/ 3 15 6 1472323478, 24 5
H=23 -4 AC2T9 AC273 12/ 3 15 9 142635714, 2% a
H~3 W=4 30279 3C273 10/ 3 1512 142990476, 24,
H—3 W-4 30279 30273 1/ 3 1515 143243683, 24,
H-3 W—4 3C279 3273 15/ 3 1518 143445294, 24,
H-3 W—4 30279 30273 10/ 3 1521 143595329, 24,
H-3 =4 3279 3C 273 1/ 3 1524 1436936866, 2% s
H=1 W=4- 310279 30272 1%/ 2 1527 143740359, 24,
H-3 W=t 30279 30273 10/ 3 1530 143735372, 24,
E-3 W= 4 279 3C273 1/ 3 15373 143678711, 2%
H—-3 W—% 3C2T79 3L273 17 3 153 143570374, 24 .
=3 =% 32773 3273 147 3 1539 1434134469, 24,
H-—3 k=4 3279 3273 10/ 3 1542 14319896, 2
H-3 W-4 30272 3¢273 [/ 3 1545 142935737, 24,
H-3 W~4  3C279 30273 10/ 3 1548 162621074, 24,
H—3 W—4 30279 30273 12/ 3 1551 142254933, 24 .
H-3 W—4 LzTa AC273 I, 2 1554 141837341, 2%,
H-3 w4 30279 30273 18/ 3 1557 1413468366, 24,
H-3 W4 30279 30273 19/ 3 16 © 1408458239, 24,
H-13 W=4 30279 30273 1/ 3 16 3 147216889, 24,
H~3 W4 30272 3C273 1/ 3 16 6 139654455, 2% e
H=-3 ] 279 3C273 127 3 16 9 138981041, 24,
H=3 W-d 30275 36273 1/ 3 1612 138256827, 24,
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SITES I SITES 2 SOURCE 1 SOURCF 2 DATE  UT CELAY {PS)  WEIGHT

H-3 W=4 30279 3c273 190/ 3 1615 137481830, 25,
H-3 W=4 30279 30273 19/ 3 1618 136656291, 244
H-3 W-4 3C27% 30273 17/ 3 1621 13578%3234. 24,
H-3 W—4 30279 3C273 1%/ 2 1624 134853933, 24,
H=-3 W=4 30279 30273 10/ 3 1627 133877475, 244
H=3 W—4 30275 30273 17/ 3 1630 13285118, 24
H-3 W=4 30279 30273 12/ 3 1633 131774802, 24
H-3 W—4 30279 3C273 10/ 3 1636 1302648955, 24,
H-3 k-4 3C279 30273 10/ 3 1636 12947373, 24,
H-3 W-4 30279 3C273 2/ 3 1647 128243210, 4.
H-3 W=4 30279 30273 i/ 3 1648 125653517, 24 o
H-3 W-4 3C279 3C273 10/ 3 1651 124282692, 24
H-3 W~4 30279 30273 1/ 2 1654 122863571, 2%
H-3 W—4 30279 3C273 10713 1542 135682234, 32.
H=3 W-4 3C279 3273 10/13 1545 134750622, 32.
H-3 W—4 30279 3273 19/13 1548 133768899, 32.
H=3 w4 30279 3C273 /13 1551 132737296. 32.
H-3 W-4 30279 30273 10713 1554 131655808, 32.
H—~3 W4 30279 3C273 1./13 1557 137524847, 32,
H=-3 W=4 20279 3273 123 16 0 1292444149, 32,
H-3 W—4 30279 30273 18713 16 3 128114791, 32,
H-3 W-4  3C279 3273 1:/13 16 6 126836221, 32.
H~3 W—é  3C2T79 3272 13712 16 9 125578864, 32.
H=-3 k=4  3C279 3C273 10/132 1612 124132924, 32.
H-3 k-4 3C279 3C273 12/13 1615 1227 9753, 32
H-3 W~4 30279 3C273 15/13 1618 121236579, 22,
H-3 W-4 30279 30273 16713 1621 119716577, 32.
4~3 W=4 30279 3C273 10713 1624 118149040, 32.
H-3 W4 3C2T79 30273 1'/713 1627 116534211, 32, L
H-3 W~4 30275 3272 . 13/13 1630 114872412, 32. i
H-3 w-4 3C279 3273 15713 1633 113163968, 32.
H=3 W-4  3C279 3C273 1 /13 1636 111479352, 32,
H~3 W4 30279 3C273 17/13 1635 109608087, 32.
H-3 W—4 30279 3273 18/13 1642 107761311, 32.
H-3 W—4 30279 3C273 17/13 1645 135869743, 32
H=13 W=4 3C279 30272 17/13 1648 133931656, 32.
H=13 W—& 3C279 3C273 13/13 1651 161949459, 32.
H-3 W—4 30279 3C273 1713 1654 99922776, 32.
H=-3 W= 3C279 30273 13713 1657 97851944, 3Z.
H=3 W=4 30279 30273 12713 17 0 95737367, 37.
H-3 W=4  3C279 30273 10/13 17 3 93573394, 32.
H-3 W=4 30279 cz73 13/13 17 6 91378331, 32,
H-3 h=~& 30279 3273 10713 17 S 9134764, 32.
H-3 W-4 30279 3213 10/13 1712 B6EB4BEZ5, 32.
H=3 W-4 30279 3C273 1-/13 1715 8452132, 32,
H=3 W4 30272 3C273 10/13 1718 g2151751. 32.
H-3 W4 30273 30273 10713 1721 79741466, 32,
H=3 wW-4 30279 30273 1 /13 1724 772935497, 32,
H~3 -4 30279 30273 17/12 1727 74799282, 32.
H=3 w4 30279 3273 1G/13 0 1730 722568312, 32,
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SITES 1 SITES 2 SOURCE 1 SODURCE 2 DATE U7 DELAY {PS) WELGHT (PS)

36279 3273 1%/13 1733 69698701, 32,

H-2 W= 4
H-3 k-4 30279 3C273 13/13 1736 67088708, 32,
H-13 W=4 30279 30273 10713 1739 646441002, 3z.
H=7 W-4 30279 3C273 1/13 1742 61755247, 32
H-3 W4 30279 3273 10/13 1745 59031983, 32,
H~3 W~4 3C279 3273 16713 1748 5627162% 32,
H=3 W-4 3C279 3¢273 17713 1751 53474684, EV
H-3 W-4 3279 30273 12713 1754 50641578, 32.
H-3 W4 3C279 3273 12/13 1757 47772800, 37
M3 =& 30279 30273 17/13 18 & 44569543, 32,
H=3 W=4 30279 3C273 10/13 18 3 41930606, 32,
H-3 k=4 30279 30273 10/13 18 6 38957959, 37,
H-3 W-4 30279 3273 17/13 18 9 35951757, 32,
H-2 W-4 30279 30272 15/13 1812 32912421, 32.
H~3 W=t 30279 3273 15/13 1815 29840525, 37.
H-3 W4 30279 30273 17713 1318 26736538, 32.
H-3 W-d  3C2TO 3C273 17/13 1821 23651078, 32,
-3 K-4 30279 30273 19/13 1824 20434634, 32,
H-3 W-4 30279 30273 1%/13% 1827 17237742, 32.
H-3 W—4 30279 36273 146/13 183D 14010990, 37
H-3 W=4 30279 3C273 10/13 1833 1G754916. 37,
FH-3 W-4 3C279 3273 10/13 1836 76473071, 37,
H=3 W=t 3275 30273 1%/13 1839 4157044, 372.
H=3 W-4 30279 30273 19/13 1842 816415, 32.
H=3 W-4 30279 3¢273 10/13 1845 -2551281. 32.
H-3 W4  3C275 302732 1" /13 1848 ~-594545%, 32.
H~3 W=-4 30279 30273 10/13 1851 -9365487. 32.
H=3 h-4 30279 3€273 10/13 1854 -12810839. 3.
H=3 W-4 3279 30273 1°/13 1857 ~1628787 . EVR
H=-3 W-4  3C279 3C273 14/13 19 & ~19775367. 32.
H-3 W—4 30279 30273 10713 19 6 -26833211. 3z.
H-3 W—4 30279 3C273 1713 19 9 -37396741. 32.
-3 W& 30279 3273 19713 1912 -339871557. 374
H-3 k=4 30279 30273 10/13 1915 -37534114. 32,
H-3 W-4 30279 30273 15/13 1918 41212 85. 32,
H=3 W4 30279 30272 14/13 1921 ~4465T79016, 22,
H-3 k=4 30279 30273 10/13 1924 —48522845, 32,
H-3 W=4 30279 30273 13/13 1927 527206329, 32
He3 Wed  3C2T9 3273 1" /13 1934 5593177964 2z,
M3 W—4 30279 30273 16/13 1933 -59626514, 32.
H-3 W—& 30279 30273 19/13 1939 67113164, 32.
H~3 W4 30279 3273 17 /13 1942 —7HBT7987G. 32,
H~3 W% 30279 3C273 10713 1945 ~74661252, iz,
H=3 W4 30279 30273 10713 1948 78456629, 32,
H-3 K~4 30279 AC273 1"/13 1951 82265446, 372,
M= W-4 3C279 3¢273 1G/13 1954 -B6T8699 1. 32.
H~3 W=4 30279 30273 10/13 1957 -89320637. 32,
He3 W-4 30279 3273 1 /13 27 ~93765648, 32
H=3 W-4 30279 3273 10/12 20 3 ~9762144%, 32.
H=2 We4 30279 3273 10/13 20 6 -101487330, 32,
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SITES ! SITES 2 SOURCE 1 SDURCE 2 DATE  UT DELAY {(PS)  WEIGHT (05}

b2 W-4 302793 30273 1°/13 2¢ 9 -15362661 . 324
H=3 W=4 30279 30273 13/13 2412 -109246765. 32,
H-3 k=4 3C279 3273 10/13 2015 -113138918, 37
H=3 W-4 3C279 30273 17/13 2521 ~12794482G, 32.
H=3 W-& 30279 3273 11713 2024 ~124857204. 3z.
H-3 W=4 3C279 3273 10713 2027 -128775021., 37.
H~3 W-4 3C279 3273 13/13 273 -132657532, 32.
H-3 W—4 30279 30273 15/13 2533 -136624081 ., A2
H~3 W—4  3C279 3273 10713 2036 -140554042, 324
H-3 W-4 3C27T9 3273 10/13 2039 -14448672:, 32,
H=13 W—4 3C279 3C273 12/13 2042 -148421384, 37
H=3 w=4 30279 30273 19713 2045 -152357405, 32,
H-3 W—4 32T 3C273 10/13 2048 -156294103. 32,
H=-3 W—4 30279 30273 1°/13 2751 -160123381¢8, 32,
H-3 W—4  AC279 3C273 106/13 2054 -1641¢86806. 32
H~3 w—4  3C279 3273 16/13 2057 -168101483, 32.
H-3 W—4& 30279 30273 12/13 21 0 ~172:34797, 37
H-2 W—4  BC279 3273 1n/13 21 3 -175963997. 32,
H-73 W—4 30279 30273 159/13 21 & -179R3054¢8, 32,
H=3 W=4 30279 30273 12/13 21 9 -1838131:55. 32.
H=3 W—4 30279 3C273 10/13 2112 ~18773596%. 32.
H=-3 h—%& 30279 30273 i0/13 2115 -191643474, 32,
H=3 W—4 3C279 30273 15/18 1142 66977566, 28 .
H-3 Wi 30279 30273 15718 1145 69587845, 25,
H=13 W—4 30275 30273 10/18 L1148 72159307, 28
-3 W—4 30279 30273 15/18 1151 74691542, 25
H-3 W-& 30279 3C273 19718 1154 77184518, 28.
H-3 W-4 3C27Y 3IC2T3 14718 1157 79636345, 28,
H=3 W-4 30279 3C273 10718 12 2 820469158, 28.
H-3 W-4 3C279 30273 /18 12 3 84418875, 28,
H=3 k-4 3C279 30273 14/18 12 6 BHT4B218. 23
H—3 W—4 30279 30273 10/18 12 9 89535761 . 25.
H-3 W-4 30279 30273 19/18 1215 93483748, 28 .
H=3 k-4  3C273 3IC273 194/18 1218 95643422, 28
H=-13 W—4 30279 30273 10/158 1221 97759749, 28
H-13 W—& 3C279 30273 1°/18 1224 . 98832332, 28 .
H=3 W—4  3C279 3C273 13718 1227 171667861 . 26 .
H=73 W—4 30279 30273 19718 12390 103844969, 28,
H~13 W—4 30279 3273 1a/18 1233 15784263, 28,
H=13 W=4 30279 30273 14718 1236 137678428, 28,
H=3 W=& 30279 30273 16718 1239 1095271140, 28,
H-73 W-4 30279 3IC273 10/18 1242 111330036, 28 .
H~3 W4 30279 3c272 /18 1245 113386898, 28,
H=3 W-4& 30279 30273 10718 1248 114797425, 28
H=13 W—4 30279 30273 12/18 1251 116461232, 28.
=7 W—4& 3C27S 3C273 1./18 1254 118478101, 28,
H=73 wW—4  *C279 30273 In/18 1257 119647687, 28,
H=3 Wt 30279 3C273 10718 13 Q 121169705, 28,
H-2 W~4 30279 30273 17718 13 3 122643679, 26
H=3 W4 30273 0273 18/18 13 6 124770234, 28
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE uT CELAY (P3) WETGHT f.n

H-3 =4 30279 3C273 14718 13 9 125648224, 28 .
H-3 W=4 3C2773 3C273 17718 1312 126777725 28,
H-3 W—4  3C279 3C273 13718 1316 128058476, 28.
H-3 W=4 30279 30273 13/7185 1318 129290227, 28.
H=3 W-4 3C279 AC273 i=718 1321 135472777 28«
H-2 W=4 3C279 30273 19/18 1324 1316005955, 25 .
H-73 W4 30275 3C273 10/l 1327 132689563, 28
H-3 W—4  3C279 3C273 12718 1335 133723437, 28
H~3 W-4 3C279 3C273 1718 1333 134737365, 28.
H=3 W=4 30279 30273 14718 13236 135641197, 28,
H-3 W=4 30279 3C2713 12718 1339 134524742, 28 .
H-32 W—4 30279 3273 12/18 13245 1261403350, 28,
H=3 W—4  3C2779 30273 14718 1348 138872144, 28 »
H=3 W=4 3C279 3C273 14718 1351 139553069, 28
H-3 W-4 30277 3C273 172/18 1354 147183147, 28.
H=3 W-4 3C279 aCz73 18718 1357 1407628076, 28.
H~-3 k-4 3C279 ac27v3 10718 14 Q 141283932, 28
H=3 W—4 3C27G 3273 1718 1la 3 141766568, 28 .
H-3 W=4 30279 AC273 15718 14 & 142191839, 28,
H—=3 W—4 30279 3C273 i2/18 14 9 142565691, 28,
H-3 W-4  3027% 30273 1°/18 1412 142888769, 28 .
H-2 W—4 30279 3273 15718 1415 143158888, 28
H-3 W-4 3C279 3273 12718 1418 143378151, 28
H-3 W—a 302779 3C273 1o/18 1421 143254581 9. 28.
=3 W—4  3C279 AC273 /718 1424 143661853, 28 a
H—-3 k-4 30279 30273 10718 1427 143726237, 28.
H-3 W—4 302795 30273 14/18 1430 143739020, 28 .
H=-3 W-4 30279 3C273 1 /18 1433 143700076, 28,
H=-3 W-4 30279 30273 12718 14346 143609453, 28,
H=3 W=4 3C27T9 3C273 10/718 1439 143467156 28
H-3 W—& 30279 3C273 1./718 1442 142273257, 28.
H=2 W-4 30274 30273 1718 1445 143027756, 25,
H-3 w-4  3C27% 30273 12718 1448 1427320754, 28 .
H-3 w4  3C27¢ AL273 1-/18 1451 142382236, 235 .
H=-73 W-4 3C279 3273 V5718 1454 141982281 . 28
H=-3 W—4h o 3C27H 3C273 1%/18 15 0 141028277, 28 .
H-3 W—4 30279 3C273 1./718 1% 3 144764429, 28,
H-2 W=4 30279 3IC273 17718 15 6 139869485, 28 .
H=-73 W4 30279 3C273 18718 15 9 139213565, 28 .
H=3 W-4 30279 30273 10°/18 1512 1385 6762, 28 .
H-3 W—-4 3C279 AC273 1a/718 1515 137743187, 28.
H-3 w=4 30279 3C273 10718 1518 136943957, 28 .
H--3 W—4 302793 3C273 13718 1521 136782212 28,
H-2 W-4 30275 3273 1/18 1524 135173150, 26
H-3 W=4 30279 30273 13718 1527 134213874, 28.
H-3 W—4 30279 3C273 10/718 1830 1332054527 28.
H=3 W—4 30279 30273 i/l 1533 13214535¢, 2.
H=3 W=4 30279 L2713 13/18 1536 131.:36496. 28 .
H=3 W=-4 3C279% 3C273 12/18 1539 1298782722, 28,
H=3 W=~4 20279 3C273 14718 1542 128670620, 28.
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE  UT DELAY (PS)  WEIGHT P5)

H-3 W—4 30279 3273 17/18 1545 127413962, 28 .
H-3 W=4 30279 L2732 13/18 1548 126148411, 26.
H-3 w—&  3C279 30273 13718 1551 124754225, 28.
H-3 W4 3C279 3C273 ig/18 15%4 123351643, 28,
H=-3 W=4 30279 3C273 in/18 16 3 118855987, 28,
H=3 W=% 30279 30273 10/18 16 6 117262307, 28.
H=3 W—4 3276 30273 10/18 1612 113933931, 28,
H~3 W-4 3C27¢% 30273 17/18 1615 112199795, 28,
H=3 W-4 3C279 3C273 19718 16&18 110419412, 28,
H=-3 W—4 30279 30273 10718 1621 108593127, 28
H=3 W-&4 3C279 3273 17/18 1624 176721165, 28.
H=3 W-4 xC279 273 149/18 1627 104803953, 28,
H-3 W-4 30279 3273 14718 1630 102841756, 28 .
H-3 W—-4 3C279 3273 1°/718 1633 174834616, 28
H=-73 W-4 30279 1c272 12/18 1636 98783849, 28
H-3 W=4 3279 3273 19/18 1639 96688828, 28.
H~73 W-4 3279 30273 17718 1642 94557244, 25.
H=3 k-4 3C279 3C273 18/18 1625 972368469, 28
H=73 k=4 30279 30273 13718 1648 9G143878, 25,
H=-3 W—4 3C279 3C273 10/18 1651 837876843, 28.
H=~3 W=4 30279 302732 18718 1654 B5567790. 28,
H-3 W—4 3C279 3273 10718 1657 82217059, 28.
H=3 w—4 3C279 30273 106/18 17 © BOB25068. 28.
H~3 W=4 3C27S 36273 1r/18 17 3 78392281, 28
H-3 W=4 20279 3C273 in/1s 17 & 75913058, 2Ha -
H-3 W=4 30279 273 10718 17 © 734055879, 28
H-% W-4& 30276 30273 1/18 1712 77853114, 28,
H=% k=4 30279 30273 17/18 1715 68261244 . 28,
H-3 W-4 3C279 30273 10/18 1718 65632698, 28
H-3 W=4 30279 273 10718 1721 62961953, 28.
H-2 W=4%  3C2719 30273 1n/18 1724 60255452, 28,
H=3 W—4 30279 30273 10/18 1727 57511661, 28,
H-3 W—4 3C27S 30273 1718 173" 54731749, 28,
H=-3 k-4 2279 30273 19/18 1733 51G14%084, 28 .
H=-3 =4 30279 3IC273 150718 1736 49061289, 28,
H=3 W~4 30279 30273 1°/18 1736 46173126, 25.
H-3 W=4 50279 3273 1a3/18 1742 437253093, 28
H-3 k=& 30279 30273 13718 1745 432932724, 28,
H-3 W—4 30279 3273 1 /18 1748 373715, 5. 28,
H-1 W-% 30279 30273 10718 1751 342769382, 28,
H~3 W-4 30279 30273 19/18 1754 31219579, 23.
H-3 W=4 30279 3C273 12718 1757 281292915. 28,
H=13 W-% 30279 3C273 1in/18 te ¢ 25078448, 28
H-3 W—4& 30279 30273 1n/16 18 3 21855877, 28,
H=3 W—4 30279 3C273 10718 18 6 18672582, 25,
H=-3 W-4 3C279 302732 18/18 18 6 154591 4%, 28,
H-3 W-4 30279 30273 13718 1812 12216163, 286,
H—-1 W~4  3C2793 30273 10718 1815 8944136, 28.
H=3 W—4 30279 3273 1718 1818 5642683, 26 .
H=3 W—& 3279 AC273 10/18 1821 2315335, 28,
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE Ut DELAY {P5} WETGHT (P5)

H-3 W—4 30275 30273 13/18 1824 -1i4-:278. 28 .
H-32 W=#% 3C273 3C273 15718 1827 ~4422673. 28,
H=3 W4 30279 - B3C273 14/1€ 1833 -112565213. 28.
H=-3 W—4 30279 3C273 10/18 1836 -14724277. 28 .
H=3 W-4 30279 3C273 i%/18 1839 -182%:7679. 284
H=3 W=&  3C279 30273 16/18 1842 -21714882. 28.
H=3 W~4 30279 3C273 12/18 1845 ~25245219, 28
H-3 W—4 30276 3273 1:/18 1848 -28758122. 28a
H-3 W=4 3C279 3C273 12/18 1851 —3237297%. 28,
H-3 W—4 3L27%5 3C273 12/18 1857 -3953603¢8, 28.
H-3 W=4 3279 30273 1718 19 o —43223230, 28,
H—-3 W—4 30279 3C2732 13718 19 2 —4687944G., 28
H~-3 W—4 3279 30273 19718 19 6 -50554708. 28,
H-- 2 W-4 30279 3C273 10/18 19 9 ~54248177, 28,
b=3 W-4 30279 30273 12718 1912 -57959194, 28s
H=3 k-4 3279 3C273 i¢s18 1915, ~61687159, 284
H=-3 W—4 30279 3273 ia/18 1918 -6543143CG. 28.
H~3 W=4 302793 3C273 13718 1521 ~-6G191258, 28
H=3 W—4 3C2773 3C273 19718 1924 -72966103, 28,
H=-3 W-4 30279 3273 16/718 1927 -T6755276. 258,
H=13 W—4 30279 3273 17718 193. -87558173. 28.
H=3 W—4 3C279 30273 1o/18 1933 —84374074 . 28.
H=3 k-4 302793 2L273 15718 1936 -BB222361. 28
H=3 k=4 30279 3273 1:/18 1939 -G92042337, 28 s
H=3 W-4 30279 3273 1/18 1942 ~-9%893389, 28
H-3 W-4 30279 30273 10718 1945 -39754821., 28,
H-3 W—4 3C279% 3273 1718 1948 -173625973. 28.
H=3 w—4&  3C279 30273 13718 1951 -107536182. 28.
H-3 W—4 30279 3273 12/18 1954 -111394814. 28.
H-3 W4  3C2793 3C273 14718 1937 -115291:.:67, 28
H=3 W=4 30279 30273 1a/le 26 0 -119194435, 28,
H-3 W—4 30279 30273 iz2/18 20 3 -123104186. 28
H=3 W—4 30279 30273 13718 23 6 -127515619,. 28
H-3 W—4 3C279 30273 17718 24 9§ =1309402008, 28
H=-3 W—4  3CZ2T79 3C272 10718 2212 -134B864524, 28,
H~3 W—% 30279 3C273 ic/la 2615 =-138793408. 28.
H-3 W-4 30279 3C273 1°/18 2.18 -142724537%, 28,
H- W=4% 30279 ac273 1718 2021 -146658750,. 28
H~3 W—4% 30279 3C273 10/18 2024 -150594240. 28,
H-73 w—4 30279 3273 12718 2027 -15453 6933, 28,
pt="3 k=4 3C279 3C273 19718 2930 -158467439, 28,
H-3 W=4 30273 Cz273 15718 2033 ~1624023779, 28,
H-3 W=4 30279 30273 1.7/18 2+ 346 -166339125. 28,
H-3 W4 279 30273 153/18 242739 -170272723. 28 .
H=-3 W~4  3C279 30273 13/718 2047 -1742733909, 25 e
H-3 W—4 30273 3C273 13/18 Z2:45 -178132 31. 28.
H-3 W-4 3C279 3273 12718 254¢ —l8205%56406, 28,
H-3 W-4 30273 3C273 14718 2451 ~145976372. 28,
F=3 W=4 30279 3C273 1G/18 2054 -189891278. 28 .
H-3 W—-4 30279 3C273 1./718 2357 -193870467, 28,
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SITES 1 SITES 2 SCOURCE 1 SOURCE 2 DATE uT DELAY (P5)

W-4 30279 36273 10718 21 0 -197703287. - 3%.

H-3
H-3 W—4 30279 3273 10/18 21 3 -2:1599574, 78,
H-13 W-4 30279 3¢273 19/18 21 & ~2054B7204, . 28
H~3 W-4 30279 30273 10/18 21 9 -209367072.-: -~ 28
H-3 W-4 30279 3C273 12/19 1142 70390594, - 20.
H=3 W=4 30279 30273 14:/19 1145 72949944, 20,
H-3 W-4 30279 3¢273 10719 1148 75469866, 20
H-3 W-4  3C279 3273 10/19 1151 77949923, 20
-3 W=4 30279 3273 19/19 1154 - 87389711, 20w
H=73 W=4 - 3C279 30273 15/19 1157 2788795, 2C.
H-3 h-4 30279 3C273 10/19 12 © 85146743, 20
H=-3 W—4 30279 30273 17419 12 3 B7463157., 25
H-3 W=4 30279 30273 10/19 12 6 B9737630, 20
H-73 =4 30279 30273 10719 12 9 919692715, 20,
H~-3 =4 3C273 3C273 17/19 1212 94159127, 25,
H=-3 W—4 30279 30273 12/19 1215 96375411, 2%
H-3 -4 30279 30273 19/19 1218 98418215, 27
H=-3 W-4 30279 3C273 10719 1221 13467161, 2%
H=3 W-4  3C279 3C273 10/19 1224 1$:24£1635, 23
H=3 =% 30279 30273 10/19 1227 104452149, 20,
H-3 W—4 30279 3C273 10/19 12390 1563774086, 20,
H-3 W= 3C279 3C273 1%/19 1233 128257507, ¢+ 20,
H-% W=4 30279 3C273 10419 1239 111880672, 200
H-3 k-4 30279 3C273 15/19 1242 113623168, 20.
H-3 W-4 3C279 30273 17/19 1245 115319187, 2%
H=73 W=4% 30279 3C273 13/19 1248 116968438, 280
H—3 W—4 3C279 3C273 13/19 1251 118570631, 20,
H~3 W=6 30279 3273 1719 1254 127125523, 277 s
H-3 w—4  3C279 3¢272 1/19 1257 121632768, 20,
H=3 =4 30279 3C273 10/19 12 3 124503484, 20.
H-13 W-4 3C27% 3273 1°/19 13 6 125866479, 2%
H=3 W=4 30279 3C273 13/19 13 ¢ 127167761 2%
H-3 W=4 30279 30273 10719 1312 128446326, 2¢.
H=3 W-4 30276 3C273 15/1% 1315 129662825, 2.
H-13 W~4 3C27¢ 3273 19/19  131¢g 134830104, 2%,
H-3 W-4 30279 30273 15719 1321 121947935, 23
H=3 W=4 3C279 3C273 14/19 1324 133016103, 23
H-3 W—4  3C279 30273 1T/19 1327 134034474, 20,
H=-3 W4  3C27% 30273 19/1% 1330 135002795, 2G.
H~3 W=4 30279 3273 12/19 1333 135921050, 20
H-3 W—4 30279 AC273 17719 1336 136788934, 2% 4
H- 3 W—4 30273 3C273 13/19 1339 137606337, 20
H-3 W—4 30279 3C273 10/19 1345 139089176, 20
H-3 W—4 30279 3C273 1716 1348 139754364, 2.
H~3 W=4 30279 3c273 10/19 1351 147360589, 20w
H-3 W~4& 30279 3C273 10/19 1357 141443615, 20,
H-3 K=& 30279 30273 1°/16 14 1419 427, 27 .
H=-1 W-4 30273 3273 13/19 14 3 142313568, 20
H-3 W-4 3279 30273 12/19 14 6 142671462, 20
H~3 W=4 30279 30273 12/19 14 9 142977836, 2.
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SITES 1 SITES 2 5S0U<LE 1 SOURCE 2 PRATE Ut EELAY (P5) -HE_I..G-'HT {PS)

H—~3 W=t4 3273 30273 1%/19 1412 142232644 204
H-13 W=-4 3C279 30273 10/19 1424 143735950, 20
H-3 W—4 30279 3C273 10/19 1427 143732625, 271
H=3 W-4 30279 30273 1:/19 143G 143677628, 2lia
H~3 W-4 3C279 30273 10719 1433 143570976, 20
H=3 W-4 30279 3C273 10/19 1436 143412673, 20
H=3 W~4 30279 3IC273 17719 1639 14325327640, 20,
H=-3 W=4 30279 30273 10/19 1442 142941231, 20,
H-3 -4 3C273 30273 10/19 1445 142628259, 20
H-3 -4 30275 30273 1/19 1448 142263741, 20 .
H=3 W=4% 20279 30273 18/19 1451 1418647835, 20
H~3 k=4 30279 30273 10/19 1454 141385578, 20
p=3 W—4 3C279 3273 1"/19 1457 145862755, 25
H-3 w—& 3279 30273 14419 15 © 140292402, 20 .
H-3 wW-4 3C272 30273 16/19 15 3 139671562, 20,
H=3 W~4 30279 3C273 1°/19 15 6 138999826, 2iiw
H=3 W—4 30279 30273 1%/19 15 9 138277234, 20,
H=3 k=4 30279 3C273 16719 1512 137503901, 20
H=-3 W=4 30275 30273 in/l9 1515 13667998%. 25,
H-3 W=4 30279 30273 13/19 1518 135805581, 291
b= W—4 3C279 30273 In/19 1521 134980904, 20,
H~-3 W—-4 3C279 30273 16/19 1524 133306075, 23,
H=3 W—& 30279 3C273 17/19 1527 132881283, 2%
H-73 W4 30279 30273 10/19 1530 131806675, 20,
H=3 W-4 30279 3C273 10/19 1533 130682442, 20
H-3 W-4& 30279 30273 1%/19 1542 12716596 20
H=3 W-4& 30279 3¢C273 1%/193 1545 125693444, 20.
H-13 W—4 30279 30273 15/19 1548 124324215, 20 .
H=13 W—4 30279 IC273 1°/15 1551 1225 6679, 27,
H-13 W-4 30279 30273 12/19 1554 121441547 2%,
H=-13 W=4  3L279 30273 10/19 1557 119927585, 20.
H-3 We4 30279 30273 1-/1% 16 & 118366546, 2%,
H-73 W—6& 30277 30273 12/19 16 3 116758225. 24 .
H-3 K=& 30279 3273 12/19 16 6 1151028814, 20
H=-3 W—4 30276 30273 16/19 16 9 1134 84, 255,
H-3 W-4 30279 30273 1n/19 1612 111652277, ha
H=3 W=4 30279 30273 1G/19 1615 1098576401, 20,
H-3 W—4 30273 3273 10/19 1618 108217086, 20
H=13 W-4 30274 30273 1°/19 1621 1. 6131485, 200
H=-73 W—4 30279 30273 16/19 1624 104199857, 20,
H-3 W=4 30279 3273 19719 1627 102223786, 20.
H=3 W—d 30279 3273 1:719 1633 981386427, 2its
H=-3 k=4 30273 30273 13/19 1626 96029845, 20
H-3 W—4 30279 20273 10/19 1639 93877837, 20,
H-13 W4 30279 30272 1../19 1642 91682734, 20,
H=3 W=4 3C279 30273 15/19 1645 £9444921. 20,
H=13 W—&  AC279 3273 13/19 1648 87164802, 20

CH=3 W—4& 30279 30273 10715 1651 84842753, 2%
H=3 W=4 30279 30273 10/19 1654 B2479186, 27,
H-3 =4 30279 30273 in/19 17 0O 77629101, 2.

- {19~




SITES 1 S{TES 2 SQOURCE 1 SOURCE 2 DATE urt BELAY (PS) WEIGHT {PS)

H-3 W-4 20279 3273 /719 17 3 75143436, 2iz e
H=3 W—4 30279 3C273 14/19 17 & 12617918, 230
H=-3 W=4 30279 30273 10719 1712 67443045, 20
H-3 W-4 30273 30273 13719 1715 48T 664, 2% .
H-3 W=4 3C279 30273 14/19 1718 621261176, tia
H-3 W=a 30279 aC273 10719 1721 59407932, 2734
H-3 w=4 30279 30273 10719 1724 56652655, 2G.
H=-3 W-4 3C279 3c273 iv/19 1727 53862725, 2ila
H=3 W-4 30279 3C273 19/19 17306 51032617 200
H=3 k=4 30279 3C273 1419 1733 48168781, 20
H-3 W—4  3C279 30273 17719 173¢ 45269744, 2l e
H-3 W%  3C279 30273 15719 1739 42336006, 20
H=13 W=4 30279 3C273 10/19 1742 39368073, PASIN
H—3 W—4& 3CZ279 3C273 1719 1745 36366437, 2. .
H-3 W—4 30279 3273 /19 1751 3N264205. 25
H-3 W=4& 30279 30273 10/19 1754 27164617, 20 4
H-3 W-4 3C279 30273 1971 18 < 23871255, 2ita
H=3 W—4 3C279 3273 In/19 18 6 144552849, 25
H—13 W-4 30279 3C273 15719 18 39 11223783, 23
H=3 k-4 30279 3C273 13/1%  1B12 7922922 2%
H=~3 W—4  3C279 30273 17719 1815 4613755, 2ila
H-3 W-4 30279 30273 12719 1lelé8 1276888, 20
H-13 W—4 3C279 3C273 /19 1821 2087110, 2
H-3 W-4 30272 3273 1+ 713 1824 5477625, 2
H=3 W=& 20279 3C273 17719 1827 —-8894134. 20.
H=-3 W—& 30279 30273 12/19 1232 -12336319. 23
H=3 W-4 30279 Cc273 1:/19 1833 -158:2678. 25 .
H=3 W-4 3C279 3C273 I1/19 1836 -19293536. 20
H=-3 W=4 3C279 3C273 10719 1839 —22857955. 20,
H—3 W=4 3C2773 IC273 /19 1845 ~2997 514, 2l
H-3 W-4 ACz279Y 3IC273 1D/19 1B48 —-33486678. 23
H-3 W—4 30279 30273 i0/19 1851 —-37089338. 20
H-3 W-4  3C273 3C273 10/19 1854 403712526, 2.
H~3 W=4 30279 3C273 16/19 1857 -44355611, 2
H-3 W—4 3C279 3C273 10/19 19 1 -48017953. 2324
H-3 W—4 3C279 3273 13/19 19 3 ~-51698939. 2G.
H=-3 W—d4 3C2TY 3C273 17/19 19 6 -5539791 4. 2%
H-2 W—4 30279 2273 10/1% 1@ 9 —-59114725%. 2{a
H~3 W—~4 30279 3C273 10719 1912 -62847330,. 250
H~3 W=& 30277 30273 1"/19 1815 -66596491., 2w
H~3 W—4  AC279 3C2732 14719 19138 —TO3610T 7. 2.
H-3 W—4 3C279 3C273 10/19 1921 —-74140432, 20.
H=3 W=—4a 30279 3273 10 /1% 1924 =7733396468, 254
H-32 h=% 3C27%5 30273 1n/13 0 1927 -81740:937, 24
H-3 W=4 3C2773 3C273 10719 1939 ~85560734, 20
H~-3 Ww—4 30275 3C273 1./19 1933 -89392699. 250
H~3 W4 30279 30272 15716 1936 ~Q93236196. 2i% s
H=3 W=4 30273 30273 10719 1938 =37CI0524, 20
H-3 W=4 30273 30273 127192 1942 =14:7-955 42, 2iia
H-3 W& 30279 3C273 12/19 1945 ~1048290165, 204
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SITES 1 SITES 2 SQUACE SOURLCE 2 DATE Ut DELAY (PS)  WEIGHT {PS)

H=3 W=4 30279 30273 10/19 1948 128711927, 20,
H-3 W—4 30279 3¢273 17 /19 1951 -11263357 1. 24,
H-3 W—&  3C279 3C273 18/719 1954 -116501578., 23
-3 W-4 30279 20273 19/19 1957 -120406973, 2%,
H=-3 W=4 30279 3¢273 19/19 20 3 -128235629. 2%
H-3 W-4 30279 302732 17/19 25 6 ~1321575%6, 240,
H=3 W=4 3C279 3C273 10/19 29 9 ~136083567, 20
H-3 W-4 30279 36273 10/19 2012 -140013038., 20.
H-3 W-4 30279 3273 1:/19 2315 -143945326., 2%
H=3 W=4 30279 30273 10/19 2021 -151815600. 20,
H~3 W—4 30279 3C273 130/19 2024 -155752227, 2G.
H=3 W-4 30279 3¢273 1°/19 227 -159688926., 2%,
H~3 h=4 20279 30273 /19 2030 ~163625035. 2G-
H=3 W-4 30279 3C273 10/19 2033 -167559880, 20,
H~3 W-4 30279 30273 1" /719 2336 ~171492787. 2%
b= W—4 30279 30273 17719 2939 ~175473092. 2%
M=-3 W—4 30279 3C273 16719 2042 ~179350119. 24
H=3 W-4  3C279 3C273 /19 2748 ~187191635, 2.
-3 W=4 30279 3C273 1/19 2451 -19117346%1., 291
H=3 W=4 30279 3C273 10/19 2054 -195012029. 20.
H-3 W=4& 30279 3273 . 10/19 2957 -1989127° 9, 25,
H~3 W-4 30279 3C273 15/19 21 0 —200876142, 25
H-3 W=4 30279 30273 15/29 1139 71189793, 24.
H=-3 W~4 30279 30273 10720 1142 73736975, 24,
H-3 K=& 30279 30273 1 /2 1145 76244629, 24,
H=3 W=4 30279 30273 10423 1148 78712275, 24.
M3 W-4 30279 30273 10722 1151 81139502, 24,
H-3 W-4 30279 30273 1/2, 1154 83525883, 24,
H=3 W=4 30279 30273 13/25 1157 858759853, 244
H- 3 k=4 30279 36273 10725 12 0 BELT4405, 24,
H=-3 Ww=4 3C279 30273 1°/2° 12 3 9435742, 244
H=3 W=4  3C279 36273 17/20 12 9 Q4B 30 745 24
H=2 h=4 30279 30273 15/20 1212 96963518, 24,
H-3 W-4 36279 30273 17/2 0 1215 99752736, 24,
H=3 W-4 30279 30273 13/24 1216 101398003 . 24.
H=3 W=t 30279 30273 10/2¢ 1221 153098986, 24,
H-3 W-4 30279 3273 10/25 1224 15755314, 24,
FH=3 W-4 30279 3273 12/2% 1227 156566652, 24,
H-3 W-& 30279 3¢273 19/20 1230 108832673, 24,
H-3 W-4  3C279 36273 12/22 1233 110652944, 24,
H-3 W=4 30279 3¢273 17/2° 1236 112427331, 24,
H=3 W4 30279 30273 13/23 1239 114155365, 24,
H=3 W—4 30279 30273 12/20 1242 115836918. 24,
=3 W=t 30279 30273 1727 1245 11747169, 24,
H=3 W-4 3C279 30273 12/20 1248 119959154, 24,
H-3 W4 36279 30273 10/20 1251 120599273, 24,
H=3 W=4 30279 30273 12/2° 1254 122731679, 244
H~3 W=4 30279 30273 ta/25 1257 123536177, 24,
H-3 W=4 30279 30273 13/22 13 0 124932491, 24,
H-3 W~4 30279 30273 1:/2 0 13 3 12628.:388, 24,
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SITES 1 SITES 2 SOURCE 1 SCURCE 2 DATE UT CELAY (P35} WETGHT {PS)

H-3 W—% 30279 3273 15725 3 6 127579632, 24
H=-3 W—=4 3L279 3C273 16725 13 9 128829995, 24
H-73 W=4 30279 3273 /2 1312 130331257, 24 a
H=-3 W=% 30279 3C273 15724 1315 131183290 . 24,
H-3 W=4&% 30279 3C273 14/29 1312 132285593, 24
H=3 wWw-4 30279 3273 1:0/2: 1321 133338325, 24,
H=3 W—& 30279 3273 13/2% 1324 134341188, 2%
H=3 W-4 3C279 3C273 13723 1327 135293%8¢. 24.
H-3 W—4 3C279 30273 16720 1330 136156585, 24 q
H-3 W—4 30279 3273 12720 1333 127448818, 24,
H-3 W-4 30279 30273 13728 1336 137850534, 2%,
H-3 k-4 3C279 30273 14720 1339 138601578, 24
H=-3 W=4 30279 3C273 1:/27% 1342 1393%185E, 24 4
H~3 W=4 30279 3€213 10/23 1345 139951222, 24,
H=3 W=4% 30279 3C273 12/29 1351 141096829, 2%
H-3 W—4 30279 3C273 1372 1354 141592812, 24,
H=-2 W—4 30279 3C2713 1%/720 1357 142437529, 24
H-3 w—4 30279 3C273 10/72¢ 14 0 142435861, 24,
H-3 W—4  3C279 302713 1272, 14 3 142772765 . 24
H=-2 W—4 30279 3273 15/2% 14 6 143263169, 24 .
H=-3 W4 30279 30273 10/20 14 9 143302503, 24 .
H-3 W—4 302773 30273 /20 1412 143489227, 24
H=3 W=4 30279 3273 13723 1415 1436264826, 24,
H~3 W=& 3C279 3273 10720 1418 143708791, 2%
H~=3 W~4 30279 3c273 /20 1421 1437410882, 24
H-3 Wt 30279 3C273 Lo/ 1424 14277211722, 2%
H=-3 W=4 302793 30273 Lo/s2G 1427 14365037402 2%,
H-3 W—4 30273 3C273 12728 1430 143527975, 24
H-2 W—-4 30272 3273 17727 1433 143353722, 24,
H-3 W—4 30279 3273 13/29 1436 143127794, 24,
H~-3 W—4 30279 3273 15/25 1439 1428503301, 24 .
H-3 W—4 3C277 273 i+/2 1442 142521248, 2%,
H-3 W=%4 30279 273 12720 1445 1421457640, 24 .
H=-3 W=4 30272 30273 13/20 1448 1417068891 24,
H=13 W—4 3C2T9S 30272 It/ 27 1451 141225736, 2%
H-3 W—4  3C2T79 3L273 19723 1454 1406913227, 2%,
H=3 W=4 30279 3C273 15720 1457 140135778, 24
H-3 W—4 30275 3C273 1a/72¢ 1% 1 139469184, 24,
H=-3 W-4 30279 30273 /250 15 3 138781618, 2y
H-3 w4 30279 3273 1¢/25 15 ¢ 138043253, 2%,
H-3 w—4 30279 3C273 18/2% 15 9 137254192, 24 .
H-3 W-4 30279 0273 1v/2. 1512 136414580, 23
H-12 W&  aC279 30273 107295 1515 135524567, 24
H=13 w—4 30279 30273 10/2¢ 1518 134584287, 24,
H=73 W—4 30279 30273 L:/2: 1521 133593643, 24,
H=-13 k-4 3C72749 3C273 1723 1524 132553674, 24«
M- 3 W=4 30273 30273 1o/22 1538 130324055, 24 4
H=3 =4 30279 30273 17/2. 1533 12913591, 24
H=3 wW—4 30279 30273 1%/2¢ 1536 127897308, 24
H=3 W—4 30279 30273 13/2¢ 1539 126639962, 24
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE  UT DELAY {PS)  WEIGHT (PS)

H-3 W—4 30279 3C273 10720 1845 —34602095, 2%
H-3 wW-4  3C27% 3C273 12/27% 1848 -3R211215. 2%
H-3 W~4& 3C279 3C273 1/20 1851 -41B40637. 24,
H=~3 W-4 30279 3C273 10/20 1857 ~49157957. 24
H-3 W=-4 30279 3C273 12725 198 3 ~-52844584, 24
H=13 w~4 30279 3C273 1o/23 19 3 -56549010. 24,
H-3 W4 30279 3C273 18720 19 6 60270611, Z4 .
H=3 W—4 30279 AC273 /2 19 9 ~64ERTIG, 24
H-73 W—4 30273 3C273 /26 1912 =61762736. 24.
H-3 W—-4 30279 3C273 1o/20 1915 -715319363., 24,
H-3 W—4 3C276G 3C273 I=f2% 1918 -75315776. 2% »
H=3 W~4 30273 30273 19424 1921 ~-791135644, 2
H=3 Ww=4 30279 3C273 10724 1924 -82924555, 24 .
H-3 W—4 30279 30273 12/2% 1927 -86748222. 24
H-2 W-4 3C279 3C273 17%/2% 1934 -Gi1583842, 24
H-3 W—4  3C2739 icz2713 10720 1933 ~94430743., 24,
H-3 W—4 30279 3C273 10/20 1936 -382383.55, 24
H=3 W-4  3C279 3C273 id/20 1939 ~1(32155833, 24 .
H=-3 k-4 30279 30273 10720 1942 -1065632691. 24.
H-3 W-4 20279 3C273 16720 1945 -10931816¢8. 2.
H=3 W-4 30279 30273 17/2F 1948 -113811635. 24,
H—-3 k-4 30279 3C273 10724 1951 -117712427. 24
H=3 W=4 3C279 30273 19/20 1954 -121619771. 24,
H-73 W-& 30279 30273 1/2% 19657 =125533146. 24,
H—3 W—4 30279 30273 1%/2%3 20 O -129451777. 24,
H=3 W—=4 30279 3C273 10/22 20 3 =133374995, 24,
H-3 W—& 30279 30273 1../2% 20 6 ~137352151. 2%
H=3 k=4 30279 30273 /20 2212 -145165585, 2.
H~73 W—4 30273 30273 10/20 24015 =1493]10G0492, 2% .
H~3 W—4 3C279 30273 1572 2518 -15377%6649, 24,
H="13 W—4 3L279 30273 19723 2021 -1%6573262, 24,
H-3 W~& 30279 30273 10/20 20224 -160909921, 24,
H-3 W—4 30279 3273 12/72G  2¢27 16484573, 24,
H=3 W—4 30279 3273 /29 25345 ~168783:6, 24,
H=3 W—4& 30279 30273 12720 2033 -172712195. 24
H=3 W—4 30279 30273 it/20 2036 ~-176641533, 2%«
H-3 W=& 30277 30273 1:/2- 27349 =18 567452, 24w
H=3 W—4 30277 AL273 /20 2542 -184489138. 24 .
H-3 w—4 30279 3C273 12726 2045 -1838426D16., 2%
H-3 W—4 30275 30273 172 248 -192317342, 24,
H~-3 k—& 30279 30273 12/2% 0 2451 ~1946222534., 24
H-3 W—4& 302749 30273 10720 20854 -2060121212. 2%
H=3 W—% 30279 L2713 1-/72. 2757 -2.4712042, 24
H=-7 W—4 30273 ac273 1272 21 8 207835056, 24,
H-3 W—4 302779 30273 16/22 21t 3 -211769514., 24 .
H—-3 W—4 3084 3C 84 in/s22 3 4761611, O
H-3 W—4 3084 iC 84 12722 8 4 4763991, b
H-13 W-4 3084 3084 16722 & 8 4767033, He
H-3 =4 3084 3C 84 16/22 812 4TT08676, 5.
H-3 W=& 3084 IC34 1./722 8le 4774951, b
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SITES t  SITES 2z SOURCE 1 SOURCE 2 DATE uT DELAY {PS) WEIGHT {PS)

H-3 W= 3084 30 H4 13722 g20 4779876, 6.,
H=3 W~4 3084 3C 84 17722 824 4785416, b
H-3 W—4 3CB4 3084 16722 826 4791591, 6.
H-3 h—4 3084 3C 84 10722 832 4798378, 6o
H-73 W=4 3084 3C 84 10/22 B36 4805797, b
H=~3 W=4 3084 3C B4 13422 840 4B1384%, 6 a
H=2 W-4 3C84 3(C 84 10722 844 4832248R, 6.
H=-13 W-4 3C84 aC 84 16/22 248 4831759 64
H~3 W—4 3084 3C84 143722 852 4841649, fra
b3 W=4 3CR4 3084 1/22 856 4852147, 6.
H-3 W—~4 3C34 3084 107272 9 0 4863237, 6o
H-73 W=4 3CB4 3C84 173722 9 4 4874931, 6
H-3 W—4  3C84 3C 84 19/22 g 8 4887238, 6.
H-13 h—4 3084 3C84 10/22 912 4900137, b
H-13 W—4 3084 3C84 15%/722 516 49136136, &
=% h=4 3CH4 3ICH4 1n/22 920 4927696, 6
H=13 W-4 3084 ICBG 10/22 924 4942361, 6
H=3 W—4 3C84 3¢ 84 106722 928 45576, by
H-3 W-4 3084 308G 10/22 940 5006740, 6
-3 W~4 1384 3C84 19722 944 5024263, 6
=73 W—4 3C84 3C 84 10/22 948 5042314, 6.
H-~73 W4 L84 3C84 1122 952 5360812, Ha
H=13 W~& 3084 3C 84 10/22 356 SURO062. 6
H-3 W—4 3004 30 84 1722z 109 5099745, b .
H—3 W C84 3C84 12722 17 4 Kl1ie97:, Ga
-3 W=4 3084 3 B4 13/22 19 8 5140792. [
H=3 k=4 3C84 3084 10/22 1912 5161959, b
H-3 Wi-4 384 3C 84 i°/22 1716 5183732, 6 a
H=13 W-4 3CB4 ICES 15722 152D 5256009, 6
H=13 h=4 3CR4 3L 84 12722 1024 5228785, 6
H-3 W-4 3084 3C84 12722 1.28 525245, 6 a
H-3 W—& 3L R4 3CR4 in/22 10322 5275872 6
H-3 W=4  3C84 3084 19/22 1940 5324707, &
H-3 W4 3084 3C 84 13/22 144 5349871 . 6.
H=3 W~4% 3084 3ces 13/22 1948 5375481 . &.
H-3 =4 3T 84 IC {4 18722 1052 5401546, -
H-3 W=4 3054 3C KB4 1G/22 1056 5428723 6
M3 W—4 3084 IC R4 1%/22 11 & 5454951, Ee
H-3 wW—4 3084 IC R4 10/22 11 4 5482311, £ o
H-3 W~4 3CB4 30 24 19/22 11 8 5510066. b
H=-3 W=4 3CR4 3C 84 /22 1112 5538217, 6
H=3 W=4  3LB4 384 19722 1116 5566777, 6
H-3 W=4 3084 30 84 10/22 1120 5545725, B
H=3 W—4  3C84 324 17722 1124 5625762, ba
H-3 w—4 3084 3084 10/22 1li2s 5654747, 6.
H=13 W—4 3084 3C 84 14/22 1136 5715254, 6
H—3 W-4 3084 3084 1 /22 114> 5745957, &
H-3 wW-4 3084 3084 159/22 1144 5777435, f
-3 =4 3084 3084 10/22 1143 5878441, S
W% =3 3004 3C454.3 1122 2o 2767391468, 2%

- 125 -



SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE uT DELAY (PS) WEIGHT (PS8}

W=t H=3 3084 30454,2 12722 FA 2773964527, 29 .
W=4& H=-3  3C84 3C454,3 10/22 2 & 2786825230, 20
W—4 F=3 3084 3C454.3 1h/22 216 2817394434, it
W—4 H=3 384 3C454,3 15722 227 2821094942, 2%
=14 k-3 3084 3C454,32 1722 224 ZB31069053., 20
W=4 F-3  3C84 30454.3 1722 232 28488249406, 2%,
W—4 H-3 3(C84 3C454.3 155422 236 2856671252, 2.
Wb H~3 3084 3C454.3 10722 240 2863639926, 25 .
W4 H-3 3C84 3C454.3 1.:/22 244 2869938773, 27,
W—4 E~3  3C84 3C454.3 /22 248 2875495859, 270w
W—a -3 3084 3C454.3 10722 256 2884378265, 20
W4 H=3 3084 30454.,3 1nf22 30 2887771821, 2%
W4 H~3 3C34 3045443 1G/22 3 4 2BONZT62032, 2t
w4 -2 3084 30454 .3 18722 3 & 2892103599, 20
W4 H=3 3C&4 3C454,3 10/22 312 28G3182462. 23
W= b H=3 3CB4 3454, 3 1./22 316 2853512475, 2%
W4 H-3  3C&4 3C454.3 1ars22 320 2893093505, 20
W4 H=-3 3C84 3C454.3 10722 324 2891925709, 23,
W~ H—-3 3084 30454.3 15722 328 2897 :9429, 2. e
W—%4 H-3 3084 3C454.3 12722 332 2887345249, 20,
W4 H=~3 3C84 30454 .3 15722 336 ZBE3934Q010, 2ds
W& H-3 3084 3C45%4.3 1-r22 347 2879776699, 20
b= H-3 32CR4 AC4564,3 14/22 344 2RT4BT4658. 23
i & H=3 3084 3C454.3 15722 348 2863229336, AR IS
W—4 H—3 3C84 C454.3 L7222 352 2862842531, 2%
W=4% H=3 5084 3C454,3 16/22 356 26855716098, 23
Wi-4 - H-3  3C84 AC454 .43 10722 4 0 2847852324, 20,
W—4 H-3 3C84% ICa54.3 1:/22 4 4 28389253524, 2.
HW=14 H~3  3Cd4% AL454.3 14/22 4 8 2829922387, 200,
h—4 H=3 3L 84% 30454 .3 10722 412 2B198E176%. 20,
W4 =3 3084 3C454,3 10/22 416 2809074734, 204
W—4 H=3 3084 30454 .3 Vi/22 42:] 2797564535, G
W—4% H=2 3C84 3C4B4.3 . 10722 424 2785334866, 23,
W4 H=3 3C84 3C454.3 10722 428 2772389302, 20
W= E~3  3C84 3C454,32 1 722 436 2T44366777. 21
W= H-3 2084 3045443 1722 L4 4 271325313245, 20
W4 E-3% 3084 3C654.3 inse2e2 4438 269770435, 20
W—4 F-3 3084 AC454.3 1 /22 452 267992077 27
W=4 H-34 3084 3C454.,3 16/22 456 2662087442 23,
W=t F-3 3(84 30454 .3 18722 5 0 2643576123, 20
W—4 =3 3084 3040443 1:./22 5 &4 2524332352, 27
W—4 H-2 3084 30654,3 13/22 5 8 2654542050 . 2i5a
=4 E=3 3054 3C454.3 13722 512 2584031323, Zi}a
W=4 H=3  3C84 3C454.3 \ors22 516 2562886375, 2.
W—4 H-3 3084 3C454. 2 13722 528 2541093745, 2
W4 -3 3C34 30454 .3 19/22 524 2518600110, 24,
W=t H-3 3084 3045403 12/722 532 24T1TRT7483., 20
W4 E-3  3C84 30454,3 17722 536 2447462845, 2
W4 H=-3 3084 30454.,3 1G/722 540 24225195884, 20 e
W4 H=3 3C84 30454 .3 10722 548 2370815559, 20
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3C84 3C454.3 14722 552 2344078149, 270
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3C 84 3045443 13/22 556 2316759983, 25.
3C84 3C454.3 10/22 6 0 22BB85Y545. 2%
3084 3C454.3 14/22 6 4 2260415236, 213
3C84 3045443 10722 6 8 2231406080, 20,
3084 3C454.43 10/22  6l2 22016850651, 20.
3084 3C 454,73 1./22  6l6 2171758136, 2w
3084 3C454.43 16722 6290 2141137713, 24,
324 3C454,3 10722 624 219998792, 20

3084 3C454.3 1:722 628 2778357801, 2.,
3C84 3C454 .3 10/22 632 2746203651, 20.
EJok: 1% 3045443 10/22 636 2013566977, 20,
3C84 3C454.3 1%/22 644 1981452869, 27,
3C84 3C454,3 13/22 644 1946865521 . PAV
AC84 3C454.3 10/22 656 1843397256, 20,
3034 3C454.3 1022 1 18087:39%:2, 27
3CB4 3C454.3  1n/22 7 8 17365840568, 23
3CB4 3C454 43 io/zz2 712 16995049432, 27,
3084 3C454.3 to/22 716 16625516::5. 20
30273 3345 10722 1428 - =2711320705, 2
30273 30345 10/22 1436 -2759117754, 21
3273 £345 10/22 1440  -2782081189. 24,
30273 30345 1:/22 1444 -2204411688, 20,
30273 3C345 10/22 1448  -2826132541., 20,
30273 30345 10/22 1452 -2847147037. 20,
30273 3C 345 17722 15 & =-2887271349. 20
3273 3345 10/22 15 4 -2906338918. 20,
30273 30345 13/22 15 8  -2924735563, 27 .
30273 3C345 17722 1512  -2942455626. 2%,
30273 3C345 10/22 1516 -2959493740. 25
3273 3C345 1p/22 1520  -2975844581. 23
3273 3C 345 1°/22 1524  -29915:3263. 27
iC273 3345 10/22 1528  ~37(06464913. 2%
30273 30345 10722 1532  -3320724963. 2G.
3273 3C345 10722 1536 -3°34279761. 2%
302753 30345 10722 1540 =3547123051. 2iie
3273 30345 10722 1544  ~3059252991. 23,
30273 3C345 10/22 1548  ~3070665163. 2G.
3273 30345 1:/22 1552  =~3:Bl3556%89, 27
2273 3C345 19/22 1556  =3091322477. 20,
3273 30345 /22 16 0 -3100561267, 20.
30272 30345 17722 16 4 —=3129769671. 27
30273 30345 12/22 16 8 ~-3116845028, 20.
30273 3C345 10/22 1612  -3123884980. 20
3273 3C345 1%/22 1616  -3137187385., 20
30275 30345 1/22 1623 -3135750305, 2%
3C273 30345 10722 1628  -3144651074., 23
30273 30345 1i/27 1632 -31479862u6. 2.
3273 30345 01/22 1636 —31525764G0, 241,
30273 30345 15/22 1640  =-31524720856. 23
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SOURCE 1

3C273
3c271z
3C273
3C273
AC273
30273
30273
3273
IC273
30273
30273
273
3C273
30273
3C273
3C2713
AC27T3
3273
3C273
AC273
ACZT3
30273
30273
30275
30273
FC2T3
3273
30273
3C273
€273
3cz27s
30272
30273
3273
AC273
30273
213
3C273
3027732
30273
iC2735
3027
C273
3C2753
30273
30273
ACZT3
2L ea

3C84

3L 84

SCURCE 2

3C 345
30345
3C345
3C345
3C 345
3C 345
3C245
3C 345
30345
30345
3C345
30345
3C345
3C 345
3C 345
3L 345
30245
3C 345
3C345
30345
3C 245
3C345
3£ 345
3( 345
3C345
AC345
3C345
30345
3C345
3C345
AC 345
30345
30345
3L 345
3345
3C345
3C345
3C 345
IC345
30345
30345
3C345
3C 345
AC 345
3C345
30345
IC345
4039.25
4C39.25
4039,25
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DATE

15722
14722
10722
10722
1%/22
16:/22
1n/22
1722
/22
o722
10/22
i8/22
16/22
19727
15/22
15722
10/22
17722
13/22
146/22
12722
1722
15722
1%/22
106/22
13722
10/22
153/22
1G6/22
16722
1. /22
10/272
1G/22

1 f22

/22
1a/722
17 /22
19/22
15722
/22
13722
18722
10/22
13722
1or22
12/22
1722
G/21
10/21
1721

uT

1644

1648
1652
17 0
17 4
17 8
1712
1726
1724
1728
1732
1736
1740
1744
1748
1752
1756
1R
18 4
18 &
is1ze
1816
182C
1824
itz28
1832
1844
1848
1852
1856
19
12 8
19172
1324
1924
1328
1932
1936
1940
1944
1648
1952
1956
2 0
20 4
£ 8
212

7 8
712

716

DELAY (P5)

-3153519022.
-3153870564,
-3153475344.
-315%445392.
-31478115%%6.,
-3144432886,
-314C312352.
-3129838987,
~3123493386.
-31164145358,
-31085692:33,
-3103040828,
-3090T759366.
~3080D750514.
-3370017316.
-335585463054.,
-3046391227.
-3:335:5579.
-3119913C5%5.
-3305608846.,
~2959:6:6276.
-2974906986.
~2958515761.
~2941437617.
-2923677816.
-2305241785.
-28459338:.
~-2824851243.,
-2803122920.
2780755201,
-2757755022,
—2T09885727.
-2685031245.
-263352 665,
-265:6880426.
—-2579660962.
-255187.683.
-2523518:19.
2494611744,
-246516769%,
2435173946,
-240466063%,
~237363067.
—~2342091827.
=2310455640.
-2277531283.
-224452876%.
~27T36105652.
2744436680,
27518583410,

HEIGHT

20
2ite
2 D e
2
20 e
2
20
2 e
20
25
273
20
2%
205
200 .
204
2'- L)
20
25

P5)



SITES 1 SITES 2 SCURLE 1 SOURLCE 2 CATE ur CELAY (PS) WEIGHT (PS5}

W% H=3 3CR4 4039.25 18721 120 -27584283468. G
Wt H-3 3(C84 4C39.25 10721 124 -2764144753, 9.
Wt H=3 3(84 4C39,.25 17721 732 2773719837, D
W—4 H=-3 3084 439,25 ia/21 736 2776155817, 9.
W4 H—-3 3084 4039.25 10721 140 -2778442713, S
W4 H-3 3C84 4C39.25 17/21 V44 —2779869832,. 9.
W= H-2 3C84 4C39,25 13721 748 —27BN43673]1. S
W=t H=3 3C84 4£39.25 10/21 152 -2780143245., 9.
W4 H-3 3C34 4039.25 1mr2l 756 2778989452, Fa
=4 H-3 3C84 4C39.25 /21 8 o ~2T1769757{5. g.
W=14 H-3 3C84 4C39.25 in/721 8 4 -2774102634, 9
W—& H=-3 3(84 4C39.25 0721 812 -2765782262. G.
W=z H-2 3CB4 4039.25 16721 516 -2760337534. 9,
W=4& k-3 3084 4029.25 10721 B29 —-Z2154038564, 9.
W— % H-3 3C84 4039.25 13721 824 -2746587284., Fe
W—b& H=3 3084 4L 39.25 17721 B2E -2738885866, G
1 H-3 3CE&4 4C39.25 10721 836 =-27203342763, 9.
W—4 H—-3 3C84 4039, 25 10/21 8490 2709806736, G a
W= H-2% 3C84 4C39.25 1721 - 844 -2698431961., D,
=4 -3 3(E4 4039.25 12721 852 —-2673180303., G
W4 H-3 3C84 439,25 15/21 856 -2659311153., D
W4 H~-3 30824 40 39,25 17721 9 —264486187 4. Fa
W2 H-3 5C84& 4L 39.25 o721 9 4 2629107476, G
W4 H=3 3C84 4C39.25% 13721 9 8 -261278218¢8, V.
W—4 H-3  3C84 4039.25 17421 912 —-259564786" . D
W% H=-3 3084 4039.25 15721 216 =-25777.9726., 9.
W=4 H-3 3084 4C39.25 14:/721 24 2539444287 . 9.
W=4 M~3 3C84 4C39.25 1G/21 928 -25191287.4. G.
W—& H-3 3C84 439,25 13721 932 —-2498(332751., 9.
W4 H=3 3C84% 4039.25 1G/721 936 ~2476162307. 9.
Wb H=-3 3C84 40 39,25 12721 D43 -2453525848. G
W=t H-3 3(84 4039.25 17721 Q44 -24313128553., G
W—% H=32 5084 439,25 13721 948 -2405978101., D
W—4 H=3 3C84 4039,25 10721 as2 -2381{81952. F .
W% H=-3 3084 4C32.25 17721 956 ~235544T7 714, )
h—% H-3 3C&a4 4039.2% /21 19 4 —-2322033278. F.
W4 H-3 3C84 4€39,25 16721 1o 8 ~2274196218. T
W—4 E=3 3C84 4039.25 1721 1 16 —-22164B797.%, S.
W-4 -2 3CES 4C39,25 1%/21 1520 -~2186537854. 9.
W=4 H-3 30384 4039.25 19721 1028 ~-2124791483. 9
W—4 F-3 3C84 4C3%9.29 /28 132 -2.:92894131 ., Y
W—4% H~-3 3C84 4C3%.25 15/721 1736 -2N60346977%, G
W= 4 k-3 3C84 4039.25 1¢/21 13540 -2027155947., 9.
W—4 H=-3 3C84 4C039.2 109721 1044 -1993343246., 9,
W=4 H-3 3C84 4039,25 121 14052 ~-1223862411 7, G
W4 H=-3 3CB4 4039.25 1n/21  1ob6 ~1838219541., e
W4 H=3 3C&s 4C373.25 14721 11 G -18519595484, Fa
W& HF-3 3(84 4039.25 /21 11 4 -18156183554, I
-4 H=-3 3084 4039.25 16721 11 8 -L777812163., D
W—4 H-3 3044 4039,25 10/21 iilz —-1739888£665, G
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE ur CELAY {PS) WEIGHT (PS5}

V-4 E-3 3084 4C39.25 1%/21 1116 -1701422883. 9,
W—"4 k-3 3(84 4£39.25 18721 1120 -1662427178. 9,
W4 H~3 3084 4039.25 12/21 1124 -16722913492., 9.
Wi H-3  3(84 439,25 17/21 1128 ~1%82693941.,. = 9.
Wt H=3 3C84 4039425 i9/21 1132 -1542380776., 9.
W4 H-2 3C84 4039,25 10/21 1136 -1501286403. 9.
=4 E-3  3C84 439,25 19/21 1le4: -1459923391, D »
W= k-2 3C84 4C39,.25 165/21 1146 -1418004427., 9,
=& H=3 3084 4C39.25 10/21 1148 -1375642361. 9.
W4 H=-3  3C84 4039,25 1:/21 1152 -1332852151. 9.
=4 F-3 384 4039,25 10721 1156 -1289647913, =2
Wb H-3  2134+00 3C 345 10/21 2132 1767671134, 26,
W=14 H=3  2134+00 3C 345 1%/21 2136 1747952132, 26,
W—4 H=2 2134+30 30345 10721 2144 1756225861 . 26.
=4 H-3  2134+00 30345 10721 2148 1684231312, 26.
W—4 H=2 2134400 3C345 10/21 2152 1661491434, 264
W4 H=3 2134400 3345 10721 2156 1638G13142, 26,
W4 H=3  2134+0D 30345 10/21 22 0 1613873666, 26.
W—4 H-3 2134+00 3IC345 10/21 22 4 1588870404 . 26.
W H=3  2134+%3 30345 12/21 22 8 1563221041, 26,
Wt B~ 2134400 3C 345 10/21 2216 1509805453, 26
=4 H=3  2134+09 3C345 1n/21 2220 1482055678, 26
W= 4 Be3 2134470 IC 345 10°/21 2224 1453622452, 26,
W= H=3  2134+00 3C 345 16721 2228 1424514504, 26.
W~ 4 H-3  2134+0D 3C 345 106/21 2232 1394740747, 26.
W—4 H=3 2134453 3C 345 12721 2236 1364317:299, 26
b= & H=72 2134+00 303245 13/21 2243 1333222477, 26.
W4 H=3  2134+00 3C245 15721 23 8 1098335330, 26
W—4 F=3  2134+0D 30345 1:/21 2312 1962487327, 26
W14 F=3  2134+00 3( 345 1:/21 2316 1926034345, 26
W& H=3  2134+90 3C 345 18/21 23238 383037626, 26
W—4 H~3  2134+09 30345 10721 2324 5515 8458, 6o
W4 H=—3  2134+7% 3345 in/21 2328 913458369, 26,
k—4 H=3  2134+00 30345 10/21 2332 874858977 26,
W4 H=3  2134+00D 3C 345 10/21 2336 835842156, 26.
Lim 4 H=-2 30273 30345 17721 1424 —2661820479, 23,
A HF=3 30273 3C 345 10/21 1428 -2686932875, 20
W4 H-3 30273 30345 0/21 1432 -2711741592, 2 .
=4 F~3 3273 30345 1:/21 1436 -2735938974, 20,
W=4 H=3 30273 30345 13/21 1440 -2759517597. 25
W4 H-3  3C273 3C345 10721 1444 —-27824732938. I
A B—23 30273 3C 345 1°/21 1448 -28754751716s © 20ta
-4 H-32 30273 3345 1d3/21 1452 -2826469884., 20,
W—& H—~3  3C273 30345 10/21 1456 -2847503341, 20,
W—4 F-3  3C273 3C 345 17721 15 % -2867B83856. 25
W4 H=3 3¢273 30345 10/21 1% 4 -2887655234, 2%,
W4 -3 3C273 3C345 16/21 15 8 -2906661441, 20
W4 k-3 30273 30345 10/21 1516 ~2942755122. 2.
Wt H=3  3C273 3C 345 12721 15238 -29597R1536, 2%
A H=3 3273 3345 1n/21 1524 —-2976120669, 20
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE uT DELAY (PS) WEIGHT (PST .

W—4 H-3 30273 30345 17/21 1528 -2991767483. 20
W=t H-3 30273 30345 10/21 1532 -3406717211. 25,
W4 F=3 30273 30345 19721 15836 -3020965286, 20
A H-3  3C273 30345 10/21 1540  -3034507375, 2it.
W=t H-2 30273 3C 245 19/21 1544  =-3047339142. Db
=4 H-3 30273 30345 10/21 1548  -3059456895. 26,
W- % H-3 36213 30345 10/21 1552  -3070856820. 20.
- k-3 30273 3¢ 345 17/21 1556 -3.81535414, 2.
b4 H-3 20273 30345 10/21 16 4  -3100715760. 20
Wty H=3 30273 30345 10/21 16 8  =-310$211666, 20.
W—4 k-3 30273 30345 17/21 1612 -3116974519, 2,
- F-3  3C273 30345 10/21 1620 -3130291726. 20

o W4 H=-3 3C273 3C345 16721 1624 -3135842018. 20
W=4 k-3 30273 3C 345 1°/21 1628  =-314065138", 21t
Wi—4 H=2 3C273 3C345 12721 1632 ~3144717475. 25,
W4 H=3  3C273 30345 10/21 1640  -3150617353, 2%
W4 H~3  3C273 3345 1°/21 1644 —-3152449785. 20
-4 H-2 20273 3( 345 10/21 1648  -3153534508, 25,
W—4 H-3 30273 30345 in/721 1652 -3153873289, 20,
W—1% H-3 30273 3C345 10721 1656 -3153465313, 2%,
W—4 H-2 30273 3C 345 16:/21 17 0 -3152317738, 20
W—4 H-3 3C273 30345 10/21 17 & -315040988¢8., 201,
W—2% H=3 3C273 3C345 1¢/21 17 8 —-3147763342, 20
W= HF-3 30273 3C 345 17721 1712 -31443719465, 2% a
Wi HF-3  3C2735 30345 in/21 1716 —-3140236715. 23 a
=4 H-3  3C273 30345 16/21 1720 -3135358897. 25,
W~ E-3 3C273 3C 345 19721 1724 -312974.:0519, 2ia
=4 -2 AC2T773 3C345- /21 1728 ~31232381801. 20
W—4& H-3% 30273 3345 1¢/21 1732 -3116286172. 2}
W~ 4 F=3  3C273 3C345 17/21 1736 —-31..8455321. 2.
Wi—4 H-3 30273 30345 10/21 1744 =-3799891599, O
=4 H=3 30273 30345 18/21 1744 -3092597715, 20.
W—1 H—-3 30273 3C 345 1-/21 1748 -3 .87575435, 2t
W-a H-3%  ZC273 30245 i2/21 1752 -3N6GRB3NRT4, 230
W— 4 H~-2  3C273 3C345 10721 1756 -37158364292, 20 .
W14 H=3 30273 3C 345 10/21 18 O -3N461R3236, 2%,
W=4& H=3 3C273 3L 345 17721 18 4 -3033282404%. 270
K—4 H-3 30273 30345 10/21 18 8 =3019674771. 20 .
W4 H=3 3C2z273 30345 13/21 1812 . -300534615301, Oa
W4 =3 30273 3C 345 1 /21 1816 -29902346980, 2.
W—4% H=3  3C273 30345 19721 1820 -29T74637792, 2l
W& H~3 3C273 30345 12/21 1824 -2958232771. 2l
W-4 F=3 0 30273 3C 345 1"/721 1828 -294114295", 208
W H=2 30273 30345 10/21 1836  ~2904923929. 204
W—4 H=3 3C273 AC 345 190721 1840C -2B85815869, 2.
W—4 F=3 30273 3C 345 1:/721 1844 ~£8665323174. 2
k-4 H=-3 3C273 2C 345 14/21 1848 -2845581917., 2iia
=4 k=3 30273 30345 ins21 1852 -Z2824488328. 20,
W4 k=3 30273 3C 345 1 /21 1856  -28°2743916. 27
Wi H—2 RL273 30345 /21 19 4 =Z278037T7296, 29 .
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE uT DELAY (PS) WETGHT
Y

W=1i H=-3 3C273 3C345 10721 19 8 ~27337230G6, 20
W=4 H-3 3C27% ALBL5 14/21 1916 -2684673911., 2 e
W= H-3 3C27: 30345 12721 1929 -265G135987. 2%
Wb H=3  3£273 30345 10721 1924 —-2633072882. 20
W4 H=3 30273 30345 10721 1928 -26"6422558, 2 e
=4 H=-3 3C272 30345 13/21 1932 -2579193225. 23
W—4 H-3 3C273 3C345 12721 1336 -255139319¢. 20,
W=4 H=3 30273 3C345 10721 1940 -2523030957. 2C .
W4 H-3 302735 30345 17721 1944 -2494115235. 24
W—4 H-%  3C2753 3C345 10721 1948 -246465493¢8, 27
W=t H-3 3C273 3C 345 1a/721 1952 ~2434653029., 20
W=4 F=3 30273 3C345 17721 1956 244136677, 270
W4 H~3 30273 3C345 15/21 2008 -2373097320. 20
W=4 H=3 3C273 30345 10721 24 8 —2309505708, 20
W4 H-3 30273 3C 345 2y 2312 —2276972994., 2 a
W—4 H-3 302732 AC345 10/21  24l6 —2243962245., 28
H-3 h—a  2134+00 3C454,3 12721 e h b 627214422, 13,
H=-3 W=4 2134+00 3045443 17721 448 ~-613332976. 13.
H~3 =4  2134+50 3C454.3 15721 452 -599357752. 2.
H=3 W—4 2134+00 3C454.3 12721 456 -58%29327¢E. 13,
H-3 W4  2134+00 3C454,3 106721 5 0 -571143773, 13,
H-3 W—4  2134+00 3C454,43 szl 5 4 -4956913617. 12,
H-3 W=4  2134+90 3C454.3 10721 512 ~-5282287¢E¢8. 15.
H-3 W4 2134+00 AC454.3 1c/21 516 -513782959. 12,
H=3 H—6¢ 2134+ 3C454.3 1 /21 525 —493274115.,. 13,
H=-73 W—4  2134+00 3C454,.3 1i0/21 524 48476729, 13.
H~-3 W—4  Z2134+020 3C454.3 10721 528 -470085280., 13.
M=3 W—4 2134+ 7340 3C454.3 1 /721 532 —455414321., 13,
H-3 W—4 7134+ 30454.3 18/21 h3s -440658380. 13,
H-3 W—4 Z2134+03 3C454.3 10721 540 —425942080, 13.
H-3 W=4 21344750 2C454.3 10 /21 544 411157762, 13.
H=3 W% Z134+30 3C454.3 10/21 >4t ~396327H16. 13.
H=3 W=4  2134+Q0 30454 ,3 12/21 552 -381477638. 13.
H-3 W-4 2134+Q0 30454.2 1./21 556 ~3666 6887, 13,
H=3 W=4 2124+ 30454.3 1721 & 1 —351719677. 13,
W4 =3  3C273 4039.25 13716 11%6 1122693024, 30,
W4 H—3 30273 4C39.25 10/16 12 & 1126998234, 3.
W4 H=3 3C273 4039,25 13/16 12 B 1123308942, 3o
W& HE-3 3C273 4C39.25 14/16 1216 1114252096, 30
W—4 H-3 3273 4039.25 /16 12290 1108827397, T
W H=3  3C273 4039425 /16 12 & 1001827638, 34
W H-3  3C273 4033.25 19/16 1316 976517406, 30
W—4 H=3 3C273 4C39.25 /16 1328 34701193, 30
W—4 H=3 3C273 4C39.25 1./716 1332 919752576, 3a
=4 K2 30273 439,25 14716 1336 FOABL6280. 3.
=4 H=3 3C273 40393425 13/16 1340 888367331, 30
W& -3 3C273 4C 39,25 1716 1344 B71947496, 3 a
-4 R=3% 3273 4039425 137146 1348 A55{:1301705, 3.
W—4 kH~3 3L273 4039.25 10716 1352 B37643417., 3.
W4 F=-% 3C273 4035425 12/146 1356 81679377 2. 3.
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SITES 1 SITES 2 SOURCE | SOURCE 2 DATE  UT CELAY (PS) WETGHT {RS)

I, H=21  3C27% 4C39.25 19716 14 ¢ 851457698, 30.
(IR H=-3  3C273% 4€329,25 19716 14 4 7182669268, 375,
W15 F-3 30273 439,25 17/16 14 8 763425936, 3t .
Yi= & F=3 30273 4C39,25 1435/16 1412 743732966, 3.
V=4 F=-3 30273 439,25 10/16 1416 723596409, 30,
W—4 H-3 30273 40 39,25 17716 142 753022462, 35,
A H=2 (273 4039,25 1/16 1424 682017391, 355,
W=t H=2  3C273 40 33,25 10716 1428 660567635, 3G,
W=4 H—3 30273 439,25 19/16 1432 638739759, 3%,
Wb H-3  3C273 4039,25 1%/16 1436 516483461, T
=4 H=3 30273 4C39.25 197156 1440 593816578, 30 .
W=t H=3 30273 439,25 10/16 la44 570755026, 30,
W=4 k-3 30275 439,25 1:/16 1448 5473722859, 34,
R F=3 30273 4039.25 10716 1452 523467301, 30.
EA K=3 3273 433,25 10/16 1456 499255590, 37,
W=t H—2 30273 4C39.25 1'/16 15 ¢ 4764675194, 35,
e H=3 30273 4C29,25 12/16 15 4 449733628, 3.
W4 H-3 30273 4£39,25 10/16 15 8 424438497, 30 .
W=t R 30273 4 39.25 i./16 1512 358737567, 30,
W4 H=—13 30273 439,25 10/16 1516 372813734, 3.
W~ 4 k-3 30273 4C2%.25 16716 1529 34651991 7. 33,
W—4 H-3 30273 4C39.25 19/16 1524 319879154, 30,
W4 H=~3 3273 4039.25 19/16 152¢ 292934668, 30,
- H-3 30273 4C39.25 15716 1532 265684633, 30.
W= 4 H-3  3027% 4C39,25 153/16 1536 238137445, E
W H-3 30273 439,25 12/16 1560 210371511, 33,
Wb H-3 30273 4L 39,25 16/16 1544 182185389, 33,
A H=3 30273 439,25 10/16 1548 153797663, 30,
W=4 k=3 30273 4C39.25 1:/16 1552 125147037, 3,
W~ 4% -3 20273 4039425 10/16 1556 96242305, 35,
YA H-=3 30273 439,25 19/16 16 0 67092271, 3.
W~ % H-3 30272 4C39.25 /16 16 & 3775932 37,
W= H-% 30275 4€39.25 12/16 16 8 892254, 30,
W=t H-1 30273 4C39.25 1G/16 1612 ~21739723, 3.
W— ¢ Ho3 o 30273 4C 39,25 1./716 1616 ~-51735818, 3,
A H=3 302773 4C39.25 1716 1620 -520 21833, 3.
W& H-3 30273 4€ 39,25 10/16 1624 -112453551, 30,
A H-3 30273 4C39.25 1 /16 lez28 -1437656577. 3,
W& H=% 20273 4039,25 15716 1632 -173851596, 3.
W= & H=3 30273 4C39.25 12716 1636 -2064799192, 373,
A Fe3 30273 4033,25 10/16 1640 -235895787. 3.
Wt K=3 20273 4C39,25 10716 144 -267143997, 35,
A E=3 30273 4C39.25 10716 1648 -298572158. D
W4 H-3  3(273 4039,25 19/16 1656 -361641880, 30,
W4 F-3 0 30275 4C39,25 1/ /16 17 -393364151. 3.
W% H-3 30273 4C39.25 10716 17 8 -45708484 8. 30,
W~ 4 H=3 30273 439,25 10/16 1712 -489063790. 30,
W=5 F-3 30273 40 39.25 1i/16 1716 -5211 #3695, 30,
=4 H-3 30275 4C39,25 in/sle 1726 -5532.9834, 30,
W=t H~2 30273 4039,25 10/16 1724 -585357312, 30,
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SITES 1 SITES 2 SOURCE 1L SOURCE 2 DATE urt CELAY {PS) HWEIGHT

Wi 2 H-3 30273 4€39,25 1°/16 1728 -617541312, 3,
=4 H=3  3C273 4C35.25 13716 1732 -645751959. 3G,
W4 H-3 30273 4C39.25 16716 1736 ~681979384. 30,
W4 k-3 30273 4C39.25  17/16 1747 -714213725. 3¢,
A M=% 30273 4039.25  19/16 1744 ~746445119. 3.
W4 H-3 30273 4C39,25  10/16 1748 ~778663653, 30,
W4 F=3 30273 4C39.25  13/16 1752 -81785950, 3.
W H=3 30273 4C39.,25 18/16 18 ¢ -875143696. 3.
W4 H-3  3C273 4C39.25 10716 18 & -939218944. 30,
W4 k=3  3C273 4039.25 17/16 1816  -13¢3076731, 3%,
Wb H=3 30273 4C39,25  10/16 1820  —1034768401. 39,
bim 4 H-3 30273 4039,25  138/16 1824 -1066428917. 35,
W—4 H-3 30273 4C39,25  10/16 1828  -17979786.8., 33,
W4 M- 30273 4C39,25 10716 1832  -1129437808. 34,
A H=3 30273 4C39.25 10/16 1836  -1160706903. 30,
T F-3 30273 4C39.25 107186 1840 -1191866263, 30,
W-4 H-3 30273 4039,25 1°/16 1844  ~1222676383, 3.
W—4 H=3 3C273 4039.25 10/16 1848  -1253727736., 30,
Wb H=3  3C273 4C39.25 19/16 1852  -12844175891. 39.
W—4 H~3 302773 4039.25 19/15 1144 1137337951, 16,
b4 K=3 30273 4039,25  15/15 1148 1137915558, 18,
4 M=3 30273 4¢39.25  14/15 1152 1136129142, 18.
W4 F-3 30273 4039.25 17715 1156 1134679 44. 184
W= -3 30273 4C39.25  19/15 12 4 1130589517, 18
W4 H=3 30273 4C39,25  10/15 12 8 1126951491 . 16.
W4 H=3 30273 4C39.25  1/15 1212 112325255, 18.
W H=3 30273 4C29,25  1G/15 1216 1118933868, 18.
W4 H=3 30273 4039.25  10/15 1220 1114176588, 15.
W4 -3 30273 4039.25  10/15 1224 1178872296, 18.
W=4 H=3  3C273 4039,25  14/15 1228 1172872676 18
W4 H=3 30273 4039.25  10/15 1232 1096389452, 18.
W4 H-3 30273 4039.25  1G/15 1236 1069354649, 15.
W4 He3 36273 4039.,25 1715 1247 1281770468, 18
W4 -3 30273 4C39.25  19/15 1244 1573639141, 16.
W4 M-3 36273 4039.25  10/15 1256 1045938212, 13.
W= F-3 30273 4039.25  1:/15 13 & 1°35695731. 16,
W k-3 30273 4€39.25 13/15 13 4 1024868833 16
W4 H-3 30273 4039.25  12/15 13 8 013512970, 18,
W~ H=3 30277 4039.25  1./15 1212 1201632878, 18,
W o H=3 30273 4C39.,25  15/15 1316 989226255, 18
Wt -3 30273 4€39,25  10/15 1320 976302851 . 18,
W= H=3 30273 4039.25 1-/15 1324 962864661 . 18,
W= K-3 30273 4039.2%  19/15 1328 948915718, 18,
Wt H-3 36273 4¢39.25  10/15 1332 934460418, B
W—t4 H-3 30273 4¢39.25 10/15 1336 9195317, 18,
A F=3  3C273 4039.25 19715 1340 9714048371, 12,
W4 F=3 30273 4039.25  10/15 1344 AB8170922, 13.
W H-3 30273 4£39.25  10/15 1348 871665734, 15
W =3  3C273 4039,25  1./15 1352 854747777 184
Wb -3 3C273 4039,25 15715 1356 8§373%215G, 184
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3C273
30273
3C273
30273
23
213
30273
3C273
30273
3273
3273
3C273
AC2TS
3273
3273
3C273
3273
3273
3C273
2C273
273
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273
AC273
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aC273
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30273
3273
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30273
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273
3272
3Cz272
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30273
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L2173
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SOURCE

4L 39,25
4C39.25
4033.25
4C033.25
4C39,25
40 39,25
439,25
4039.25
4C39.25
4039425
4C39.25
4C39.25
4C39.25
4039.25
4C39.25
40 39.25
4039.25
4039,25
4039425
4C39.25
4C033.25
4039,.25
4(039.25
4039.25
4C39,25
4039425

40 39,25

40 39.25
4C39.25
4039.25
40 39.2%
4039425
4C33.25
4C39.25
4039.25
4039425
4C33.25
40394725
4C33.25
4C39.25
4039.25
4039.25
4039,2%
4039420
4C39,.25
4033.25
4C39.25
4039.25
4039.25
4039.25
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2

CATE

13715
1%/15
1°/15
15718
18715
13/15
18716
16715
17/15
143/15
in/1s
1./15
16715
16715
18/15
13715
13715
193/15
14/15%
18719
i0/1%
15/15
i2/715
14715
17/15
10715
10715
1°2/15
12715
10/15
12715
14715
10715
13/15
14/15
19/15
106715
12/15
19715
13/15
1%/15
10715
16715
1/15
19/15%
12715
1 /71%
1n/15
153715
17715

uT

14 2
14 4
14 8
1412
1416
14235
1424
1428
1432
143¢
1640
1444
1448
1452
1436
i5 6
15 4
15 8
1512
1516
1520
1524
1528
1532
1936
1544
1548
[552
1556
le 2
1A 4
14 8
1612
16245
1624
1628
1636
1640
1644
1648
1682
1656
i7 9
17 4
17 8
1712
1716
1722
1724
1728

CELAY (PSS

519424449,
501149864,
782354128,
763102968.
743402308,
723258175,

102676726.

681664305,
667227288,
638372258,
65161735935,
593435136,
STO3667517.
546927900,
223065762,
4988476111,
L4T4260927.
449313150,
424512382,
398365152,
372330515,
346766761,
319429780,
292479936,
265224777,
209821569,
1817106646,
153318338,
124663218,
95754141,
656993951 .
3729586,
7532030,
-52258306.
-£253275¢8.
-1129677402.
-174371783,
=2755322192,
=-236425356,
267671976,
=29955240:5,
-333557021.,
-362176173.
~3939 “2.8,
-425719337,
457623909,
-4&B9674117.
-5216501173,
-553722231.
-5859 4567,

WEIGHT

18,
18.
18.
18.
18,
180
13,
18
15,
18,
18.
13,
15.
18.
18.
18,
18'
15.
18,
12.
13.
18,
18.
1a,
18,
1a3.
18,
18.
l1é.
18.
18,
18.
18,
1{1’.

=]
yow

18,
18.
183
1z,
1z,
13,
18-
18.
li‘ls
1-8‘1
1&.
18:
182

- .
14

1a,

{#S5]

O U S S VU



SITES 1 SITES 2 SOURCE 1 SOURCE 2 CATE uv DELAY (PS) WETGHT :bﬁii

W=t R-3 30273 4C39.2%  13/15 1732 618385055, 18.
- H-3 30273 4C39,25 12/15 1736 -650296148., 18,
W4 -3 30273 4€39.25  17/15 1747 -682523841., 18,
W4 R=3% 30272 4€39,25 10715 1744 ~714758237. 18.
W=4 k=3 30273 4€39.25  19/15 1748 -746989557, 18.
W4 -3 3C273 4C39.25  17/15 1752 -7792:7839. 18.
Wt M=% 30273 4C39,25 12715 1756 -B11413292, 16,
Y=t H=3 30273 4€39.25  19/15 18 0 -843565986, 14,
W—4 H-3 30273 4C39.25  10/15 18 4 ~-875686145., 18,
V-4 H-3  3C273 4C39.25 13/15 18 8 -95775384¢6, 18,
=4 -3 30273 4€39,25  16/15 1812 -939759313. 18.
Wb H-3 30273 4C39.25  13/15 1516 -971692797. 18,
Wb F-3 30277 5039.25 17/15 1823 -1373544414, 18.
W4 Fe3 30273 4039.2% 15715 1824  —13353044770. 18.
-4 H=3 30273 4£39,25 10/15 1828  -1066963218, 18,
ti H-3 30273 4C39.25 1°/15 1832 -1:98517938. 18,
W4 -3 30273 4C39.25  12/15 1€36  -1129933024, 18.
W—b H-3 3C273 4C39.25  10/15 1840  -1161234651. 18,
K- 4 H-3 30273 4C39.25  1°/15 1844  -1192391871, 18,
W=t H~3 30273 4C39.25  13/15 1848  -1223399339. 1g.
W=t -3 30273 4039.25  19/15 1852  -1254247927. . 18,
=4 H=3  403%9.25 3C 84 17 8 g 2726118267, 2%
W= H-3 4C39,25 ICEs 12/ B 8 4 2734243217, 27
W=t H-3  4039.25 3C 84 1/ 8 8 8 2741517807, D
=4 H-2  4039.25 384 1/ & 812 2747939786, 29,
We4 H-3  4C39.25 3C 84 10/ & &l6 2753507196, 27
W—4 H-3 4C39.25 3c84 1/ 8 822 2758218325, 2%
k=4 H-3  4C33.25 3C 84 10/ 8 824 2762071729, 20,
W—4 H-3  4C39,25 3¢ B4 19/ 8 832 2767200792, 2%,
Wt F-3  403%.25 384 1/ & 836 2768474560, 20,
-4 H-3 4C39,25 3C 84 16/ & 840 2768858261, 20,
=4 H-3  4(039.25 3C 84 12/ 8 244 27684403544, 23
Wb H=3  4039.25 3084 10/ 5 A48 2767131951, 20,
Wb k-3  4039.25 3084 1/ 8  g52 2764562926, 20
W4 k-3  3039,25 3C 84 12/ & EBS6 2761934154, 241
Wb H-3  4039,25 3C 84 19/ 8 90 2758046385, 20,
W=t F=3  4035.25 3C 84 1/ 8 94 27533986, 2. .
Wb H-3  4C39.75 3C B4 15/ € 912 274124325¢, 2.
W=t F-3  4£39.25 3C B4 10/ 8 916 2733934614, G
W H=3  3039.2% 3CE4 13/ 2 828 2725775613, 234
W4 He7 4039,25 384 10/ 8 924 2716768859, 203,
Wt -3  4(39.25 3G 84 14/ & 623 27 6917775, 20
=4 F-3  4039.25 3084 13/ 8 832 2696223277, 20,
Wt k~3  4039,25 3 84 10/ & S3g 2HELE9T694, 273,
-t H=3  4039.25 3C 84 12/ & Ga0 2672322940, 20
W= k=2 4039.25 3C 84 13/ § 944 2659123727, 2%
W4 H=3  4€39.25 3084 10/ & 948 2645097123, 2%
Wi Hox  A039.25 3084 15/ 8% 652 2630247452, 2%
) h=3 4039,25 3C b4 19/ 8 9%6 2614579245, . 20,
w4 F=1  4039.25 3084 177 8 1 259857297, 7o
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SITES 1 SITES 2 SOURCE 1 SQURCE 2 DATE Uy CELAY (PS) WETGHT (PST
W4 F-3  4C39,25 3C 84 1/ 8 1% 4 25878 66T . 27 .
i~ & -3 429,25 ices 19/ 8 1o 8 2562712617 27
W—4 H-3  4(039.25 3C 84 1807 8 1012 254382070C, 20.
W4 =3  4039.25 284 15/ 8 1lilé 2524136695, 277
W4 H=3 4£39,25 3C 84 10/ 8 1028 2503666679, 20,
W H-32 4(039,25 3084 13/ 8 10724 PL4R2416897., 28
W=t F~3 4(039,25 3L B4 e/ 8 1028 2467393830, 20.
W4 H=3  4£39.25 3C 84 107 &8 1432 2437674286, 2% o
=4 H-3  4(039,25 3CAY 19/ 8 1926 0 2414055169, Ba
-4 H-3  4(£39.25 3C84 18/ 8 1040 2389753746, 20
W4 H-3  4C39,25 3CE4 12/ 8 1044 23647074186, 20,
-4 -3 433,25 3C84 1:/ 8 1.48 2338923852, 2%
b—& H=3 439,25 3C a4 16/ & 1052 2312411029, 20
W=t F—-3  4039%,25 ICRY 10/ 8 1056 2265176982, 20,
W—4 -3 4(39,25 3¢ 84 19/ 8 11 & 22572375 T 25
W— % k=3 4C39.25 3084 137 8 11 4 2228578877, 20,
A H-=2 439,25 3C 84 a3/ & 1112 2169198907, 20
W— 4 -3 403G,25 3C 84 177 & 11lé 2138488351, 20
W= F-3 439,25 3C 8% /o8 1129 2107139845, 20w
=4 F-3  4039.25 3084 10/ 2 1124 2075073034, ZC.
A H-3  4(39,25 3C 84 17/ 8 1128 242387670 . 25
-4 -2 4039,25 3C 84 12/ 8 113e 1775111786, 2.
k=4 H-3  4039.25 3C 24 107 8 1148 1947541782, 2i0
W—& H=3  4039,725 3274 10/ 8 132¢ ~1269114621., 27
W4 H~3 439,25 274 13/ & 1374 ~-12607322565. 2t a
W—4& H-3 4£39,25 30274 10/ 8 1328 -1250936657, 20,
W4 H-3  4£39.25 AL2T4 10/ 8 1332 -17241139941., 20,
W4 F=3  40359.25 30274 17/ 8 1336 -123"755426. 2iks
W H=3 4(39.25 30274 10/ 8 134C -1219846313. 20
W% H~3 439,25 3C2T4 10/ & 132572 -11840305527. 20,
W4 F-3 4039.25 30274 17/ & 1354 -1171532958, 27,
W= F-3  4039,25 30274 172/ 8 1452 ~-33833893N, 28 .
W~& H-3  4039.25 274 19/ & 1456 -918273233,. 23
W4 H-3  4(39,25 3L274 1=/ & 15 = -8977786l6. 25,
W= H=-3  4039,725 30274 15/ & 15 4 -376861351. 20 e
W& F—3  4£39.25 30274 15/ 8 15 B -855527896, 20,
W H-3  4039.25 30345 1"/ & 1524 ~3241828777. 23.
=& =3 4{39,2% 30345 10/ B 1528 -32416323191. 23,
W4 HF-3  4(39.25 30345 1 /7 & 1532 ~324% 450257, 23,
- k-2 4039,25 30345 107 & 1536 -3238233237. 2%
Wb H-3 4039,25 30345 i3/ & 1540 ~3235123865. 23.
W g H~3 {36.25 30345 1:/ 8 1544 -323.982:- 73, 23,
RSN =3  4039,25 30345 10/ B 1548 -3225656112. 23,
W & F—~3  4039,25 30345 i/ & 1552 —3219747667, 23,
W -3 433,25 20345 14/ & 1556 -3212658536, 23,
W4 k=3 4039.25 3L 345 17/ 8 16 = -327 4597766, 23,
Wi =2 439,25 3345 13/ £ 16 4 -3198547070, 23.
W4y H—=3 4039.25 30345 127 8 16 8 ~31B553031. 23,
W E=3  4039,75 3C 345 17/ 8 1612 -2174542791, 23,
b~ F-2  4039,25 30345 10/ & 1616 ~1162588664, 2%,
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SITES 1 SITES 2 SOURCE ] JOURCE 2 DATE Ut DELAY (PS) WETGHT {PS)

bi~4 -3  4C39.25 3345 157 8 1627 - —3145671344, 23,
b= H-3  4£39.25 30345 10/ 8 1624  -3135794839. 23.
Wt H=3  4039.25 30345 10/ 8 1632 -3105181350. 23.
W4 H-3  4039,25 30345 10/ 8 1636  -3DB8453784, 23.
i F-3  4039,25 30345 15/ 8 1647  =3770785750, 23.
=4 =3  4(39.25 30345 13/ 8 1644  -3052182571. 23.
b4 H-3  4(39.25 30345 10/ 8 1648  -3032650038. 23,
-4 F-3  4039.25 3C 345 1°/ 8 1652 =-3712194127. 23
- H-3  4039,25 30345 10/ 8 1656  -2999821103. - 23.
Wb H-3  4039.25 30345 10/ 8 17 0  =-2968537496, 23,
W= H-3 439,25 30345 19/ & 17 & -294535%0:83, 23,
=4 -3  4039.25 3C 345 17/ 8 17 8  =2921266064. 23,
W H=3  4039.25 30345 10/ 8 1712  -2896292711. 23.
W4 H-3  4C39,25 30345 10/ & 1716  -2870437746. 23,
W4 H-3 4C39.25 3C 345 17/ & 1720  =2843T7 9486, 23,
W= H-3 4C39.25 3C B4 17/ 7 & 4 2726273332, 2.7
Wb H-2  4(39,25 3C 84 19/ 7 812 2741645734, 243a
A H-3  4039,25 3084 10/ 7 816 2748048073, 20.
=4 H-3  4039,25 084 1/ 7 82f 2753600779, 24,
W4 F=2%  4C39,25 3C 84 167 7 824 275829719C. 204
=4 F-3  4039.2% 3C 84 10/ 7 828 2762135847. 20,
V-4 H-3  4039.,25 3C 84 13/ 1 832 2765115556, 2%a
w4 -3 4C39.25 3084 13/ 7 836 2767235444, 20,
A H-3  4C39.25 3C 84 13/ 7 B4 2768494845, 20
Lim4 H-3 4£39,25 3C84 169/ 7 844 2768893355, 25
Vi H-3  4C39.25 3C 84 10/ 7 848 2768430883, 25,
W4 H-2  4039,25 3C 84 1./ 1T 852 2767157556, 2
W= -3 4039.25 3084 10/ 7 856 2764923737, 20,
W-4 F-3  4039.25 3C 84 13/ 7 90 2761887167 4 2%,
W—4 H-3  4039.25 3C 84 13/ 7 9 & 2752217631, 2¢%a
k-4 H=3  4039.25 3C 84 13/ 7 912 2747601393, 22,
e H-3  4(39,25 3C 84 10/ 7 92¢ 2733807346, 2%
W5 H=3  4039,25 3 84 12/ 7 928 2716612545, 20.
W= H-3  4C39,25 3C 84 10/ 7 932 2706746297, 27,
W-4 K-3 439,25 3C B4 12/ 7 936 2696038111, 22,
W= 4 H=3  4(39.25 3C R4 10/ 7 940 2684491169, 29,
W4 k=3 4039,25 3C 84 in/ 1 944 26721.97 64 . 2.
— H=3  4(39,25 3C 84 10/ 7 S48 2658695619, 2014
W4 H-3  4039,25 3C 84 19/ 7 952 2644554912, 24s
s H=3  4039,25 3C 84 1./ 7 956 2629991134, 2%,
b=t k=3 4039.25 384 12/ 7 10 4 25978130740, 23
W4 H-3  4C33.25 3C 84 10/ 7 108 2580508596, 20,
Wt k=3  4C39.25 3C 84 1/ 7 1712 25624 1853, 2.,
W4 H-3  4(£39.25 3C 84 157 7 1216 254349531¢, 20,
=4 H-3  4039,25 10 84 15/ 7 1026 2523797805, 20,
Wb F-3 4036.25 3C84 L/ 7 1024 253314363, 25
W H-3  4039,25 3C 84 17/ 7 1028 24820512472, 2.
ey H-3  4£19.25 3C 84 1/ 7 1032 2467015044, 20
W4 k-3  4039.25 3C 84 15/ 7 1736 2437212329, 2
b= F=3  2039.25 3084 16/ 1 1740 2413657267, 201,
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439,25
3C345
L3245
30345
3C345
0345
30345
30345
30345
20345
30345
30345
3C34%5
3C 345
3C 245
30345
345
30345
ACALH
3345
AC345
30345
3IC345
3345
3045443
454,73
30454, 3
3C454.3
3C45%4, 3
Cae54,3
30454, 3
FC49%, 3
3454, 3
3IC454,3
AC4bB4,3
30454, 3
3454, 3
30454, 3
3CH54, 3
3C272
AC273
IC2T7x
273
W21y
273
L2735
32753
273
acz73
273

SOURCE 2

3Ce4

G033.25
HL 39,29
4039,25
4€393.25
4C39,25
4C39,25
4039,.25
4039.25
4039.25
4039.25
4C39.25
4039.25
4035,25
40 39,25
4033,25
4C39,25
4C39.25
4(059,.265
4C39,25
4C39.25
439,25
4C 39,25
4033,25
3345

30345

3C 345

303245

30345

3L 345

30345

30345

. 30345

3345
30345
30345
3C345
3C345
30345
4039.25
4039.253
“C39,26
4039.25
4C39,25
4039.25
40 33,25
4(039.25
4£39.25
4039,.25
4C39.25

DATE

o7 7

1726
1/26
1/26
1/2¢
1/2¢
1/2¢
1/2¢
1/72¢
1/2¢
l/72¢6
1/26
1/2¢
1/26
1/72¢
1/2¢&
1726
1726
1726
1/26
1726
1726
1/26
1/26
1/26
1/26
1726
1/26
1/26
1/26
1726
1726
1726
1726
1/26
1/26
1726
1726
1/2¢
1/27
1727
1/27
1727
1727
1727
1/27
1727
1/727
1727
1/27

LT

is48
g 8
812
Bls
B2
B24&
832
847
Ba&qg
248
Bs?2
856
9 0
9 4
912
316
920
928
934
Q44
a52
14 9D
1% 8
1716
1436
laas
1448
1452
15 ~
1% 4
15 8
1512
1520
1524
1528
1544
1548
1556
14 4
420
424
47 R
432
448
452
456
5 &
5 &4
g
?

W AR

1

DELAY (PS)

2364276999,
32515345579,
2252882340,
3253272696,
3252677 64
32510893604,
3244965492,
32348954875,
3228386558,
2220896941,
3212629197,
3262985976,
3192570153,
3181184905,
3155524418,
3141249016,
312602391 7.
3592731576,
3355684178,
3214927530,
297510245,
2I2248BL67 .
287::919352,
2815867278,
2779773818,
2TT64469896.
2773338975,
2769217543,
27580726841,
2750958204,
2742917296
2733885617,
27123917099,
2720979734,
2688078420,
2626916686,
26092606581 .
2571146416,
25293350643,
1101762447,
1168264 4
11113322042,
1115278959,
1125454485,
1126591235,
112716464649,
11271739588,
1126618768,
1125570160,
1123618091,

WETGHT

20
Ba

g.
8'.
8.
Ba
8.
8‘
B.
Bo
8.
'8"‘
8-’
g
&a
8.
8.
8
8.
B.
8.
8.
8.
8'
2‘:’.
2{}.
Zida
2{‘)'
2}3
23
27
2
23
20
2;}.
2"7'-
2004
14,
14’
14.
JIN
14,
14 .
14
14,
14,
14,
14.



SITES 1 BITES 2 SCUACE 1 SOURCE 2 DATE uT CELAY (PS5S) WETGHT

W3 H-2 3273 40329.25 1727 516 1121573367, 14,
W=3 H=2 3C273 4039, 25 1/27 520 1118765783, j N
¥~3 H=2 30273 4C 39,25 1727 524 1115357124 . 14,
W3 k=7 30273 4039.25 1727 52¢& 1111468495, 14.
W=3 H-2 3C273 439,25 1727 532 1106979867, 14,
W~3 H—-2 30273 4039.25 1727 536 1121933854, 14,
h=3 H-2 30273 4L39.25 1727 543 11196331592, 14.
W= 3 H-2 30273 4£39.25 1727 548 1083465333, 14.
W~ 3 H-2 3C273 4,39, 25 1727 552 1576275288, 14.
k-2 H-2 3C27:Z 4039.25 1727 556 1068396843, 14,
W—3 H-2 30273 4039.25 1727 6 2 1060042455, 14.
W—73 HE-2 30273 4C39.25 1727 6 4 1:511445%98. 14,
W=~3 H-2 30273 4C39,25 1727 & B 1341706563, 14.
W=13 r=2 3C273 4039,25 1727 512 1031729682, 14.
W3 -2 3C273 439,25 1727 616 1021218577, 14,
W=3 H—-2 30273 4039425 1721 &£2% 1318175916, 14,
W3 H=2 302773 4035.25 1721 628 S86503667. 14,
W—3 H=2 3C2753 4039,25 1727 632 973893360, 14,
W13 E~2 3C273 40 39,25 1727 £36 96759988, 14,
W=23 k=2  3C273 4039425 1727 640 947113586, 14,
W-3 H=-2 3C273 4C39.25 1727 644 932958338, 14.
W3 H=2 30273 4039.25 1727 648 G1B298677, 14,
W3 -2 3C273 4(39.25 1/27 €52 9733138837, 14,
W=3 H—2 30273 4039, 25 1727 656 8ET483689, 14.
W3 k-2 30273 4039,.,25 1727 [ 871337968, 14.
W—3 H-2 302753 4C029.25 1727 78 837594711, 14.
W=3 H=-2 3C27R 4C39.25 1/27 712 B2GQ0T527, 14,
W3 H—-2 3C273 40 39.25 1727 716 8131955367, 144
-3 H=-2 30273 4039.25 1727 720 TB3428906. 14,
h—3 H=2 30273 4039425 1/27 124 T64448688. 14,
W=73 H-2 3C273 4(03%9.25 1727 728 745315585, 14.
W3 H=¢ 302753 4039.25 /27 732 725135535, 14.
w-3 H=2 302753 4039,25 1727 74Q 684059072, 14,
W=7 H~2 30273 4C39.25 1727 T44 662875250, 14,
W=3 H=2 30273 4C39,25 1727 T48 6412469655, i4a
W3 H=2 30275 4(39.25 1727 752 6192488393, 14.
W=3 H=2 3C273 4039,25 L7217 756 596819652, 14.
W-3 He2 30273 4(39.25 1727 8 4 55076355, 14,
W—73 H=-2 3027: 4C39.25 1727 g 8 527150781, 14,
W3 H=2 3C27:3 4C39.25 1727 812 503157779, 14,
W—3 H-2 302753 40 39,2 1727 816 478791313, l4,
W—3 H-2 3C27>5 4039,.25 /27 £23 454060659, 14.
w—3 -2 30273 4C33.25 1/27 826 428971529, 14,
w3 -2 30273 40 36,25 1727 832 377755582, 14,
W3 H=2 3C27: 4039,25 1727 826 351634534, 14,
W3 H=2 30273 4039425 1/217 840 325191990, i4,
W3 H-2 30273 4039.25 1727 £852 243987742, 4.
W3 =g 30273 40 39,25 1727 856 21£324:585, 14.
k-3 R=2 30272 4L39.25 1727 72C 44633064, 14
W3 =2 3273 4039, 2% 1727 G24 15165141, 14,
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SITES 1 SITES 2z SOURCE 1 SOURCE 2 [CATE ur CELAY (PS) WEIGHT (PS)

W=3 H=? 3C273 40329,25 1727 3372 -44458858., 14.
W-3 H—-2 3aC273 4C33.25 1/27 934 -74580659, 14,
W—3 H—-2 3C273 4037425 1/27 940 -174898389., 14
W=-3 L-2  3C273 30279 1/28 524 -94734839, 18,
W=3 H=-2 3C273 30279 1/28 528 -97811574, 18.
W—13 E-2 3C273 302793 1/28 532 -100813296. 18.
W=-13 H=-2 3C273 30279 1/28 552 ~11a664461. 18.
W= H-2 3C273 3C279 1728 556 -117197245. 18,
W—-3 H-2 3C273 3279 i/2¢8 6 0 -119649358, 18.
W=3 H~-2 30273 3C279 1/28 & 8 124376589, 18,
W=-3 H-2 302753 30279 1728 612 -126510901. 18,
W—3 H-2 3273 30279 1/28 620 -130667236. 18.
W—3 H—2 3C273 3C279 1728 624 -132617988. 18,
W3 H=2 30273 30279 1/28 628 -1344829R7. 18,
W—13 F-2 30273 36279 1728 632 -136261673, 18,
W—3 H-2 30273 30279 1/28 6 G -139557912. 18,
W= H=2 3¢273 3279 1/28 644 -1410174452, 18,
W3 H=2 30275 30279 1/25 656 ~-145092266, 158,
W-3 H=2 30273 3279 1/28 70 -146252616. 18.
W=-73 H—2 302753 3C279 1/28 7 4 147323626, 18,
W=3 F—-2 30273 30279 i/28 7 8 ~148304067. 18.
W=-3 H—2 30273 30279 1728 716 -149993011. 18.
W-3 H=2 30273 30279 1728 i -1507014800., 18,
i3 HE=2  3C273 30279 1/2¢8 724 -151317667. B
=3 H-2 3C273 30279 r/2¢ 728 -151842868. i8.
W—3 F—2 3273 30279 1/28 732 -15227641%, 13,
=3 F-2 30273 2279 1/2¢ 736 -152618172. 18,
W3 H-2 30273 30279 1/238 144G -152868069. 18,
W=3 -2 30273 L2769 1/28 T4é -153.26745, 18,
-2 H—2 30273 3C279 1/28 748 -153351906. 18
-3 B-2 30273 30279 1/28 8 B -152041637. 18.
W-3 H-2 30273 30279 1/28 816 -15.97893", 18,
W23 H—2 3273 3IC279 1/28 R4 -149550731 . 18.
W=7 H—2 30273 30279 1/24 $32 -147758730. 1&,
W—3 -2 302173 30279 1728 536 —1467273 6. 15,
W=3 H=2 30273 3C279 1/72% B4T -145625214, 15,
W=3 k-2  3C273 30279 1/2% R&E -143%92759, 18.
W3 H=2 30273 30279 1/28 852 -141772906, 18
W—3 H—2 302753 279 1/28 856 -140224469, 18.
=3 H=2 30273 30279 1/28 9 4 -137053859, 13,
W—3 -2 30273 30279 1/28 g 8 ~135262644, 15.
-3 F~2 30273 30279 1/28 5lé -131521: 53, 18,
W3 H=2  AC273 30279 1/2¢ Q2% -129521837. 18.
-3 B~z AC273 30279 1/28 az4 -127437808. 18,
W=7 H—72 30273 3279 1/28 928 ~1252696 .8, 14,
W13 K2 30273 30279 1/2¢8 332 -123517871., 18,
W3 jmp 302773 3C279 1/28 G364 -1206£333%9, 15
W3 =2 30273 AL279 1/28 G4t -118266733, 18,
Y3 H~2 3275 L2279 1/2% G44 -11576R8713. 18.
=3 F=2 30273 3279 1728 552 -11053170¢F. 13.

- 141 -




SITES &

Ef-ﬁ:‘:}."

{

a7
1

i

¥ E ¥
|

5 ¥ 5 OE X
i1 LA O A |

=
!
(SR EVIR FURTUI UV PE IR VS S UVIRET IWE I VO TS BERUSUS BT ST B RS N R IV T R A

=
|

s w ¥ o¥os 2 &
O I I O

{

NOELEF
i

SITES 2

[ T T S R I |

| [ I (R S |
Fomt Rt b e e e e e Bt e e et et Bt e e e BT RO RO RO R RO AT DD NS R NS D) R R N N0 RN N N NS N N RN N

t

l

i T T T4 .FIIITIIIIIIIIIIIIIIIIII
I | Ui ] |

I?TTTTTTT'}Z:‘F“{:TITTTTTITTI‘ET
| I N | |

(%

e
L
i
i
ot

T
i
ek

SOURCE 1

3C2753
30273
30273
3C273
3C273
3273
30273
3C273
3C2713
3273
30275
3C273
3273
3273
273
ac213
AC273
30273
3C273
AC273
3C273
30273
3C273
3C273
3273
30273
30275
3C274
3CHG

3C84

ACES

3L 64

. 3084

3084
3L 84
3C84L
ICHES
3L 84
3084
3084
3CHEG
3C 834
2084
3LR4
3C84
B4
3L B4
30 B4
A0 5%
ARG

SBURCE 2

3C279
AC279
3C279
30279
acz2io
30279
AC2719
30273
3C279
3C279
3279
3C279
3C279
3IC279
3C279
3C279
IC2T79
3C2T79
3Cz279
3C279
3C279
3C279
30279
3C279
AC2T79
3279
3c279
3C2T79
3C 454,73
30454.3
454,73
A3C454,3
3C454.73
3C454,3
IC454 .3
AC454.3
3C454,.32
3IC454,.3
454, 3
AC 454,13
AC454 .3
30454 ,3
AC454.3
AC4A54 .3
AC&h4 3
AL 4G4, 3
3454 ,32
AC 454G .3
3L a5%, 3
ACahB4 3

- 4z -

DATE

1728
1728
1/28
1728
1728
1/248
1/28
1728
1/28
1728
1728
1728
1728
i/28
1/28
1/28
1/24
1/2¢
1728
1/28
1728
1728
t/2¢
1728
1723
1728
1728
1728
1/29
1/29
1729
1/29
1729
1729
1729
1729
1729
1/29
1/29
1729
1/29
1729
172G
1729
1729
1729
1729
1729
1/72%
1729

ut

G56
1o ¢
12 4
10 8
1d12
iGle
1029
1724
1028
1032
1734
1448
1044
1748
1552
1356
11 4
1112
1116
1129
1124
1128
1136
1147
1144
1148
1152
1156
1816
1827
1824
1828
1832
1B43
1844
16848
1852
18548
19 ¢
19 4
19 8
lagi2
1216
1920
1924
16238
1632

1936

1547
1644

CELAY

(PSS}

-104878727.
-102085858,
-99116597.
-96071835,
-92952528.
-89759571.,
-B649401 4,
-83156799.
~79748979,
—T6271576,
-72725712,
-63112367.
~65432776.
-57879167.
-SORT4:94,
—42%527498.
-37915970.
-337485:8G.
—-29524743,
-25247193.,
-165348C4%.,
-12152627.
-7621600.
—-3093150.
1481489,
6150769,
2379627499,
2425276884,
2430323972,
2454761152,
2478530514,
2524339093 .
2546263555,
2567542547,
2588169551,
2608135291,
262T442624,
26546076635,
2664034612,
2681311054,
2697970676,
27137984120,
27289393648,
2743498972,
2157292568,
2TTR3756151,
2782745634,
2734397222 .

WEIGHT

184
18

18,

18,
18-
18,
18.
18.
1€.
18.
18,
18.
18,
18.
18.
18.
18.
18.
18.
18.
18.
18,
18,
1.
18.
18,
ig.
22
22’
22
22,
22
22,
22
22
224
22,
22
22
22.
22
22:
22.
22
22
274
22
221
22,

(psy
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SOURCE ]

3084
3084
3C84
AC B84
3084
ACB4
3C84
3C84
3084
Cas
3C84
2084
3C 84
3C 84
3CH4
3C 84
3C 84
3C84
3Ca84
3C 84
3C84
3CHR4
ICHE4
3C84
ZCE4
3C84
384
ICHBG
2L 34
L84
3084
3C 84
3L B4
3084
AC 8B4
34
3C B4
AL 84
3AC84
3084
ACH4A
L84
3CEe4
3084
L8B4
AC84
ACB4
(34
3CE4
3L84%

SOURCE 2

30454 .3
3045443
3IC454 .73
3C454,.,3
3045443
3C454.3
3C454.3
3C454.3
3C454.3
3C454.3
3C454.3
3045443
3C454 .3
3C454 .3
3C454,3
3C454,.3
30454.3
3045443
3045443
30454.3
3C454,3
3C45443
A0 454,3
3459443
3C455.3
3C454.,3
IC454.3
3C45443
3C454.3
3C454.3
3C454,3
3C454,3
3C454.3
3C454.3
245443
3C454.3
30454,3
30454 .3
3C454,3
3C454.3
AICe5a,.3
3C454.3
3C454.3
2C454,3
3C454.3
3C454.3
3C454.73
3C454.3
3C45443
3C454,32

- ‘143 -

CATE

1729
1/26
1/29
1/29
1/2¢9
1/29
1/729
1/29
1/29
1729
1729
1729
1/29
1729
1729
1723
1729
1729
1729
1/29
1729
1729
1729
1729
1/25
1729
1/29
1/729
1729
1726
1729
1729
1/29
1729
1729
1729
1729
1729
1/29
1729
1/29
1729
1729
1/29
1729
1/29
1729
1729
1/29
1729

ut

1948
1956
20 0
29 4
Zi: B
2012
201é
25240
2024
2028
232
236
2340
2344
2348
21 0
21 &
2112
2116
212G
2124
2128
2132
2136
21443
2148
21587
2156
22 G
22 4
22 8
2212
2716
22724
2228
2236
224
2244
2248
24252
2256
23 0
23 4
23 8
2312
2316
2324
2328
2336
2344

CELAY {PS}

2805327355,
28253144177,
2833758663,
2841769713,
2849:246817.,
2855585713,
2861384437,
2866441158,
2R70T543261.
2874322720,
2877145137,
2879220772,
2880548945,
2881129294,
28809616310,
2875972157,
28372815194,
2864266053,
2858876473,
2852745683 .
2845875595,
2838268252,
2829926027,
2827851466,
2811447329,
2789262622,
27177288733,
2764598612,
2751196150,
2737.85472,
2722270884,
2706756922
2699548363,
2656067455,
2637805659,
2599267399,
2579502724,
2558082564,
2536513327.
2514371629,
24314584253,
2467978214,
244388771,
24191695849 .
2393850931,
236793417,
2341426264,
2256670878,
2223651928,
2177438227,

NFIGHT

22.
2'2.
22,
22.
22,
22,
22,
224
22'
22
22
22
2724
22.
22
22.
22.
22
22.
224
22.
22
22'
22"
L\22l
22.
22.
22.
22
220
22«
2Z
22.
22
22~
22
22
22.
27 -
22,
22
22
22*
22.
22..
220
22
22!
22‘
22.

{P5)y



SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE  UT GELAY (PS)  WEIGHT (PS)

W-3 F-1 30273 30345 . 1/29 752 -2654634168, 17.
W—3 H=1 3C273 30345 1729 756 ~2687335641 . 17,
W3 H-1 30273 3C 345 1/29 g o 2705438818, 17.
W~3 -1 30273 30345 1729 8 4 -272993360:8. 17
W—3 H-1 3C273 30345 1729 8 8 -2753814942., 17.
W3 H=1 3C273 30345 1729 812 -27770:74646. 17
K-3 H—=1 3273 30345 1/29 816 -2799705629. 17,
W—3 K~1 30273 30345 1729 g2n -2821700945, 17.
W3 -1 3C273 3C 345 1/29 824 -2843:53866., 17
=3 H-~1 3C273 30345 1/29 828 -28631757876, 17,
W~3 H-1 3C273 30345 1/29 832 -2883876617. 17.
W-3 E-1 30275 3C 245 1729 836 -291:3193913., 17,
W—73 H-1 3C273 30345 1/29 844 -2939960724. 17.
W-3 H-1 320273 30345 1729 848 -2957328975. 17.
W=73 H=-1 3C273 3C 345 1729 852 ~-297413269, 17.
W~ F~1  3C273 3C 245 1/29 £56 ~299200 852 T 17.
W= 3 F-1  3C273 3C345 1/29 9 0 -3305379831, 17,
W-3 H-1 30273 3C 345 1/29 9 4 -3%19912516. 17.
W= H-1 2C273 3345 1/29 9 8 -3133812079, 17,
W—3 H-1 327> 30345 1/29 916 -3059485099, 17.
W3 H-1 3C213 30345 1729 520 -307125%683, 17.
W73 H~1 3C27% 30345 1/29 924 -3082297446, 17,
W=3 H—-1 30273 30345 1/29 928 -339262198¢, 17.
W=3 H-1 302753 30345 1/29 932 -2102221162. 17.
W3 F-=1 3C273% 3C345 1726 936 -3111.,91990, 17,
W=7 H-1  3C273 30345 1/29 S48 -3133308599, 17.
W3 H-1 3C273 30345 1/29 952 -3139241248, 17.
W=3 H=1 3273 3C 345 1/29 15 = -31488867:10, 17,
-3 H—1  3C273 3C345 1/29 14 4 -3152595169. 17.
W—3 H=-1 3273 3C345 1/29 192 8 -3155560566. 17.
W3 =1 30273 3C 345 1/29 1312 -31577581314. 17.
3 H-1  3c27: 3C345 1/29 1016 -31%59256717,. 17.
W= 3 H-1  3C273 30345 1/29 1029 -315998634G. 17.
W=3 H-1 3C273 3C 345 1/29 128 -31592 7581. 17.
W3 H-1 30273 30345 1/29 1332 -31657699447, 17.
W3 H-1 30273 3C345 1/29 19336 -3155445988, 17.
W—3 H-1 30273 3C345 1729 1043 -3152447911. 17.
W-3 F-1 30273 3C 345 1/29 1344 3148706129, 17,
W=3 =1 3C273 30345 1/29 10468 -3144221812. 17.
W3 H-1 30273 3C345 1729 1056 -3133231205. 17.
W=7 H-1 3C273 3C 345 1/29 11 @ ~3126328333, 17,
W—3 H~1 3C273 30345 1/729 11 4 -311888979¢8. 17.
W13 H-1 3C273 30345 1/29 1112 -3101814937. 17.
W=3 H-1 30273 3C 345 1/29 1116 -3.9218387.. 17»
W3 H-1  3C273% 3C345 1/29 1120 -30218275%61. 17,
W~ 3 H-1 3273 3C 345 1/29 1124 -3070749172. 17.
W—3 H—1 30273 3C 345 1726 1128 -37589521 7, i7.
-3 H-1  3C273 30345 1/29 1132 -30464359R5, 17,
W~3 H~1 3[273 30345 1729 1136 -3033216618, 17,
w=3 H-1 30273 30345 1/29 114> -33:192856 383, 17.
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SDURCE 1

4039.25
4039.25
4C39.25
40 39,25
4039.25
4C39,25
!*CBQQZS
4C39.25
4€39.25
4C39.25
4039,25
403G.25
4L39.25
4039.25
4C39.25
4C 39,25
4039.25
4C39.25
4C39.25
4039.25
4039.25
4039.25
4039.25
4039.25
4C39.25
3C454. 3
3C454, 3
3C454.3
404543
AC454.3
3045443
3045443
310454, 3
3045443
3C454.3
3C4544 3
3045443
3C454. 3
454, 3
3C454.32
3045443
3C454.3
30454, 3
3{.:454. 3
3045443
30454, 32
34543
345443
3045443
3045443

SCURCE 2

3 345
3C345
AC345
30345
i0345
3345
3C 345
3C345
30345
30345
AL 345
30345
3C34%
3C 345
3C 345
3C345
3C345
3C345
3C345
23C 345
3C345
AC345
3C345
30345
3C345
3C 345
3C3245
30345
3C 345
3C345
3C345
30345
3C 3245
3C 345
3C 345
3C 345
3C345
30345
3C 345
AC345
3C345
AT 345
AC 245
30345
3C345
A0 245
3C345
3C 345
30 345

AC 345
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2/
2/
2/
4
2/
27
2/
2/
2/
2/
2/
27
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
2/
27
2/
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2/
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2/
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2/
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1116
1128
1124
1332
13236
1345
1344
1356
14 o
14 4
14 8
1412
1416
142"
16428
1437
1443
1444
1448
15
15 4
i1z
1516
1520
1524
15238
153¢
1545

DELAY (PS5}

-3067269557,
~3028700982,
-3008030051.
-29864437°52,
-2963946580,
-2940547528.,
~2891{ 77658,
-2865007977.
~2838073018.
~2781619578.
~2752118329,
-27121779430,
-2697612119.
-2658625912,
-2625830677.
—2592236422.
-2557853447,
—2522692242,
-2296002338,
-27BTB 1716,
~2044206887.
~1999931187,
~1955168137.
-1949751483.
-1B63755147.

2T64TTST.
2770821653,
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2791025740,
2790936844,
2789859517,
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2787721251
2769667453,
27162676652,
2745758722,
2735835333,
2724941008,
2586463 96,
2671718557,
2639378327,
2621792542,
2603270004,
2583816481,
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2519930595,
2496815302,
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25,
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T 25.
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SITES 1 S5ITES 2 SQURCE 1} SOURLCE 2 DATE ut DELAY (PS5} WETGHTY {PS]

W=7 H-3  3C454.3 3C345 2/ 3 1544 2472801554, Zive
i 2 H~3 30454.3 3345 2/ 3 1548 2447896808, 2%
W2 H=3 3C454.3 3C 345 2/ 3 1852 2422108535, 20
W—2 H=3 3C454.3 30345 2/ 3 1556 2395444746, 20.
W=7 H-2 30273 4C39.25 1738 416 1111107756, 2%
W 3 H=2 30273 4033425 1738 429 1115083461, 20,
w3 H=2 30273 439,25 1730 424 1118498981, 20.
W—3 H-2 30273 4C39.25 1/3% 428 1121353251, 25
W—2 H=2 3C273 4C29,25 1/33 432 1123645310, 20
k=3 H-2 3C273 4C39.25 1/3% 436 1125374665, 20.
W—3 H=-2 30273 4039.25 1737 443 1126547529, 25
W—3 H=2 30273 4039.25 1738 444 1127142658, 25

. W3 H=2 3C273 4C39,.25 1/30 448 1127180801 . 20,
W-3 H=2 30273 4C39.25 1/30 452 1126654594, 20
=3 H=-2 30273 4039.25 1/3¢ 456 1125565356, 23
=3 H=2 3C273 4C39.25 1/33 5 0 1123312264, 20,
W3 H=2 30273 439,25 /30 5 4 1121696199, 23
-3 H-2 30273 4(39.25 1/3% 5 8 1118917797, 23
W=3 H=2 3C273 4C39.25 1730 512 1115577982. 20,
W=3 H-2 30273 4039.25 1/36 516 1111677714, 20.
W3 H-2 30273 4C 39,25 1/3% . 52% 11372182350, 2%
W3 H-2 30273 4039425 1734 524 1102250871 20,
W=3 H-2 3C273 4039.,25 1/30 528 1096627175, 20
W—3 H=2 30273 439,25 1/3% 532 1790498818, 2:e
W3 k-2 30273 4039,25 1/33 536 1783817751. 23
W3 H-2 30273 4039,25 1/3¢ 540 1076585944, 20,
W= 3 H-2 30273 4C39.25 1/3% 544 1:688.5637, 27
W~3 H-2 30273 4C39,25 1/3% 5483 1265479228, 2%,
W=3 H=2 30273 4039.25 1/30 552 1051609220, 20
W-3 CH=2 30273 4C39.25 1/37 556 1742198384, 2%
W3 H=2 3C273 4C39.25 /3% & 0 11132249584, 0.
W~3 H=2 30273 4C39.25 173G 6 4 1021765874, 20,
W=3 H-2 30273 4C39.25 1730 6 8 1010750464, 20
W-3 F=2 30273 4039,25 173 £12 399276715, 20,
W=3 -2 30273 4C39.25 /30 616 987138176, 20
=3 H=2 30273 439,25 1733 620 GT454B8542 . 23.
W-3 E-2 30273 60 39,25 /3" 624 961441626, 2%
W—3 H-2 3C273 4039,25 1/33 628 947821481 . 20.
W— 3 H-2 3C273 4C39,25 1733 6372 933692283, 24,
W-3 k-2 30273 4C39.25 1/3" 636 919058352, 27
W=2 H-2 30273 4039,2% 1/3%  &4f 903924162, 253
W—3 H=2 3273 4C39,25 173D b44 888294351, 23,
W-3 H-2 30273 40 39,25 173 648 87217373, 2.
-3 H-2 30273 4039425 1736 652 855567192, 251
W=3 b-2  3C273 439,25 1730 656 838479841 . 20,
W3 HE-2 30273 439,25 1734 70 82916922, 2%
W3 H-2 3C273 4C39,25 1/3% T 4 BA2B03BDT. 2%
W3 H=2 30273 4C39.25 1/39 7 8 784386018, 20.
W-3 H~2 3C273 4C39.25 1730 712 765429221 . 20.
W=13 H-2  3C273 4039,25 1730 716 T4651923%, 20
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE uT DELAY (PS) WETGHT (P51}
W-3 H-2 3C273 4C39,25 1/33 1048 -736157121.
W—3 H-2  3C273 4£39,25 1730 1452 -T768328156.
W=3 FE-2 30273 4C39,25 1730 1.56 -800532648.,
W-3 H-2 30273 4039,25 1/30 11 © -832715703,
W- H-2 30273 439,25 1737 11 4 —864852493,
W~3 H-2 3273 4C39.25 1737 11 8 -8946948165,
W3 H—2 30273 4C 39,25 1/30 1112 -9289ET8E6T .
W—3 H-2 30273 4C39,725 1730 1116 -960961850,
W—3 H-2  3C273 4039,.25 173 112 -992867242,
by H-2 30273 40329,25 1730 1124 ~-10246732308.
W= H-2 3C273 4039,.25 1735 1128 -1056391321.,
W3 H-2 30273 4C39.25 1/3: 1132 -17%881574565,
W3 F—2  3£273 40 39,25 1/30 1149 -1150877967,
h—3 H~2 30273 4039,25 1/30 1148 -1213216520,
W~3 H—-2 30273 4C39.2% 1/3% 1156 -1274943869.
W=7 H=3 3084 30454, 3 2/ z 1R © 2389586687,
W2 H-3 3084 AC454 ,3 2/ 2 18 4 2415357193,
W2 H~3  3CH4 30454 4,3 2/ 2 18 8 2440525412
W—2 H—3 3084 30454, 3 2/ 2 1812 ZH655 83664,
-2 H-3 3084 3C454,3 2/ 2 1816 2489024406,
W—2 H-3 3084 3454, 3 2/ 2 1820 2512340324,
W2 H-2  3C&4 30454 ,3 2/ 2 1824 2535024754,
W2 H=3 3C84 245443 2/ 2 1828 2557069258,
W2 =2 3084 3C454 .3 2/ 2 1832 2578468641 .
W2 H=3 3C8& 30454, 3 2/ 2 1e4c 2619304287,
W2 H-3 3084 3C454.3 2/ 2 1848 2657481226,
W—2 H—3 3084 3C 454,73 2/ 2 1852 267555797 8.
W=2 H=-3 384 30 454,32 2/ 2 1856 2692952644,
-2 H-3 3084 3C454,.3 2/ 2 13 n 27056580056,
2 H-3  3CR4 304543 2/ 2 19 4 2725675065,
W=7 H=3 3084 30454 .3 2/ 2 19 8 2T4D992762 .
W=-2 E-3 3C84 30454, 3 2/ 2 1612 27556 8459,
W—2 B-2 2084 3C454,3 2/ 2 1923 2732716129,
W—2 H=3 3084 3C454,3 2/ z 1924 2795199795,
W—-2 F-3 3Ck4 3C454.3 2/ 2 1928 2876964864,
b2 H=3 2L E4 3IC454.3 2/ 2 1632 281 BT T0E.
fi= 2 E-3 3C84 IC454 43 2/ 2 1936 2828324942,
W2 F~3 3084 3IC45443 2/ 2 1940 2837913439,
W=7 H-3 3084 3C454,3 2/ 2 1944 2846775237,
W—2 H=3  3CB4 3C454.3 27/ 2 1948 ° 2854892619.
W=7 H-%  3CH&4 30454 ,3 2/ 2 1952 2862278122,
W=7 -3 3084 3045443 2/ 2 1656 2B6EB92444E ,
W7 F=-3  3(B4 30454 ,3 2/ 2 200 28748295G1.
W2 H-3  3C84 30454,3 2/ 02 20 4 2879991730,
W2 F=3 3084 3C 454, 3 2/ 2 212 2888787926
W= 2 H-2  3(&4 3C454.2 2/ 2 2416 2891035485,
W2 H-3 3084 3C454 43 2/ 2 202¢ 2893152085,
W=2 H-% 3084 30 454,3 2/ 2 2.24 22946170 8§ a
W2 H=3  3C34 3IC454.3 2/ 2 2028 2895228389,
W—2 H-3%  3C84 AC 454, 3 2/ 2 032 2995218636,

- IS6 -




SITES 1 SITES 2 SOURCE 1 S5CURCE 2 DATE uTt DELAY (PS)

236 2894399747, 124

W=z k-3  3C84 30454,3 2/ 2 2
W~7 H-3  3C84 30454.3 2/ 2 20249 2892830452, 124
W-2 H-3 3084 3C 454 ,3 2/ 2 2044 2890513360, 12
W~ 2 H-3 3084 3C454.3 2/ 2 2548 28874468430, . 12,
W2 H=3 324 3C45443 2/ 2 2052 2883636652, 12.
W-2 H-3 3C84 3C454.,3 2/ 2 2456 2879079163, - 12.
W=2 H-~3 3084 3C454,3 2/ 2 21 4 2867732923, 124
W2 H-% 2084 3C454,.3 2/ 2 21 8 2860947638, 12.
W=2 H-3 3084 3C454,3 2/ 2 2116 2845163090, 12.
W= 2 H-3  3(34 3C454,.3 2/ 2 2124 2836168687, 12,
W—2 H=3  3CB% 3045442 2/ 2 2124 2826443114, 12.
W2 H-3  3C84 10454 .3 2/ 2 2128 2815989362, 12.
W= 2 -3 3C84 3C454.3 2/ 2 2132 2864813637, 12.
W2 H-=3 3084 3C45%.3 2/ 2 2136 27929103346, 12.
W=2 KE-3 3084 30454 ,3 2/ 2 2140 2780292138, 12.
W=72 F-3 384 304564 .3 27 2 2144 276695992, 12.

Y, H-2  3C84 3C45443 2/ 2 2148 2752917681, 12.
W2 K-3  3CB4 3045443 2/ 2 2152 2738169807, 12,
W2 H-3 3084 3C454.3 2/ 2 2156 2722720760, 12.
W2 H-3 3084 30454, 3 2/ 2 22 @ 2746575213, 12.
W2 H=3  3C84 C4a54.43 2/ 2 22 4 2669738394, 12.
W— 2 H-2  3C84 3045443 2/ 2 22 8 2672215184 . 12.
W2 H=3 3C84 3C 454, 3 2/ 2 2212 2654711047, 12.
=2 H-3% 308 3C454,3 2/ 2 2216 2635131502, 12.
W2 H-3  3CR4 30454 ,3 2/ 2 2232 2552978348, 12.
=2 H-% 3004 30454, 3 2/ 2 2236 2535612779, 12.
W=7 k-3 3084 3C454,3 2/ 2 22430 2558079567, 12.
W2 H=3 3084 IC454,73 2/ 2 2244 2484575713, 12.
W2 F-3 3C84 30454, 3 2/ 2 z248 2467518476, 12.
W--2 k=3  3C84 AC454,3 2/ 2 2256 2417562968, 12,
-3 -2 30345 4039425 1/31 740 3234529399, 15.
H-3 wW—2 30345 4C39.25 1/31 T44 323871857, 15.
H-3 W=7 30345 4C39.25 1/31 748 32475535817, 15,
H=-13 W—2? 30345 4039.25 1/31 752 3242013489, 15.
H-3 W=7 3C345 4C39.25 1731 756 3242533463, 15.
H=-3 W—2 3345 439,25 1731 g . 32424065512, 15,
H=-3% W—2 20345 40 39,25 1/ 31 8 4 3240609843, 15,
H-3 W-2 30345 4C39,25 1/31 g 8 3238166849, 15
H—3 W-2 30345 4(39.25 1731 812 3234737309, 15,
=3 W=2 30344 4C39.25 1731 816 3230322281, 15,
H=-3 W—2 30345 4C39.25 1/31 220 3224973079, 15,
H-3 W-2  3C%45 4039.25 1731 832 3272838647, 15,
b2 W=2 3C345 4029425 1731 Bar 3183233736, 15.
H=-3 k=2 30345 4039425 1/31 Bah 3171974393, 15.
b3 W—2 30345 40 39,25 1/31 852 3146561547, 15.
H-3 W-2 3CH4% 4C39.25 1/31 9 G 2117314980, 15.
H-3 W-2 30345 4C39,.25 1/31 9 4 3101265083, 15.
H-3 W-2 30345 4C39,25 173} 912 3066336574 15.
H-3 W—2 3C34% 4039,25 1731 916 IDGTLE8T02. 15.
H-3 W-2 30345 4039425 1/31 924 INDE954533, 15.
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SITES 1 SITES 2 SOURCE 1 SOURCE 2 DATE  UT DELAY (PS)  WEIGHT (PS}

] H-3  30654,2 30345 10711 2340 2288345755, 12.
W= F=3  3C454.3 3C 345 17/11 2344 2257719681, 12.
=4 H~3 3C%54.3 30345 /11 2348 2226268396. . 12.
W=4 H=3 30454.3 3345 15/711 2352 2194031507, 12,
=4 B~3  3C454.3 30345 10/11 2356 216928929, - 12,
-3 H-2 384 4039,25 1/2¢ 122 -27920560149, 15,
W—3 H-2  3(84 439,25 1/26 145  -2789510823, 15,
W—3 H-2 3084 439,25 1/2¢& 144 -2786947647. 15,
W3 H=2 3084 4C39,25 1/26 rtag -27£3525%68, 15,
W3 E=2 3084 439,25 - 1/26 152 ~2779244130. 15,
W-3 F-2  3Ca4 439,25 1/2¢ 156 -2774106183. 15.
W3 H=-2 3084 4C39,25 1726 2 0 ~2768112696, 15,
w3 H-7 3CB4 " 4£39,.25 1/2¢ 212 —2745019203. 15,
W—3 F—-2  3CB4 4039425 1/26 216 ~2735624845, 15,
-3 F-2 3084 40 39,25 1726 224 —2725386792. 15.
b3 H-2 384 4C39,25 1/2¢ 224  =2714338194., 15,
W=3 H-7 3064 4C39.25 1726 228 -2702392442, 15,
W3 F-2  3CB4 4039,25 1/2¢6 232 ~2689643169, 15.
W3 E-2  3C84 4039.25 1/26 236 -2676064319. 15.
-3 E~2 3084 4039425 1726 240 ~2661659984, 15,
W~ 3 k-2  3C84 4C39.25 1/26 244 —2646434641, 15.
W-3 H—2  3C8¢4 40 39,25 1/2¢6 248 —263D392527. 15.
W~3 F-2 3084 4033,25 1/26 252 -2613539745, 15,
W=13 H—7  3CB4 4C39,25 1/26 30 -2577419924. 15,
W—3 H=-2  3C84 4C3G6.25 1/2¢ 3 4  -2558164330, 15,
W-13 F-2 3084 4039425 1/25 3 8 -2538119396, 15.
W3 F-72  3C84 039,25 1/26 312 -2517291281. 15,
W3 F~2  3(84 - 4C39,25 1/26 316  -2495686345, 15,
W—3 H=2 3084 4039,25 1/26 324 =2473311203, 15.
b3 H~2 3C84 4C39,25 1/26 328 -2426277978. 15,
W=7 H-2 3084 439,25 1726 336 -2376249195, 15,
W= 3 H~2 3C&4 4C39.25 1/26 340 -23501304657. 15.
W3 H-2 3C84 4C39,25 1/26 344 ~2323286176. 15.
W3 H=2 3094 4C39.25 1/26 352  =2267453775. 15.
W A H-2 3C84 40 39,25 1/26 4 & -22088201393, 15.
W=3 H-2 3C84 439,25 1/26 4 8 -2147457887. 15,
W3 H—2 3084 4039.25 1726 416 -2.83441383, 15,
W3 H=2  3C84 439,25 1/26¢ 424  -2016849336, 15,
W—3 H-2  3Ce4 4039.25 1726 432 ~1947763332. 15.
W3 B~2 3084 4C39,25 1/26 440  -1876267942. 15.
W—13 E-2 3C84 4039,25 1/ 25 448 -1832450806, 15,
W3 H-2  3C84 4039,25 /26 456  =1726472344, 15.
W=3 M=-2 3084 439,25 1/26 5 4 -1648215720, 15,
Wy k-2 384 4039,25 1726 52%  =-1485813519, 154
W~3 H-2 3034 4039,.25 1726 528 -1401796933, 15.
W3 H-2  3Cu4 439,25 1726 536  ~1316039819. 15.
W=3 H-2 3084 4039,25 1/26 S44  ~-1228647241. 15.
W=3 H=2 3C84 4039.25 1/2¢6 552 ~1139726284, 15.
b~ 3 H~2  3CB4 4£39.25 1/26 & -1649385834, 15,

- 1932 -




Appendix 5: Table of g priori Values used in the Sclutions

Site Pogiti - Cylindrical Goordi

radius longitude Z

Haystack 4700.643324 km 71.4886503 4296.696156 km
85-1 5003.296978 79.8284092 3943,G87504
Site Offsets
Westford (from

Haystack 0.756427 0.0056306 -0.866153
16800 (from 85-1) 0.504549 . 0.0182057 -0.676737
1900 {(from 85-1) 0.532633 £.0192172 ~0. 714333
2700 (from 85-1) 0.758372 0.0273083 -1.01k018
soyrce Coordinates
3273 R.4. 12726335246 Dec. 2 19432
3¢279 12 53 35.831 -3 31 7.9
3CE84 3 16 29.53% 41 19 51.75
4Cc39.25 9 23 55.256 39 15 23.78
3C345 16 41 17.633 39 54 11.0
3C45k 22 51 24,525 15 52 54.24
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Appendix 6: Signal-to-Neoise Ratio

If the signal-to-noise ratio R is large, then it is given approximately

by

where Ts, 1=1,2 is the temperature at site i, B is the bandwidth, v is
the coherent integration time, and where TA i=1,2 is the zntenna

temperature at site i given by

kTa, B= A S8
23

k = Boltzmann's constant, 1.4 x 10~ Joule degree'l

s = source flux in watt m_EHz'l

-

. . z
Ai = gffective antenna area inm

26 1

or, for S in flux units (107w w~Zuz"h
Ta, = 7.Ux1e™% 5 Ay

The worst case is Westford-NRAQ, where
for Westford: A~ 120 mr | Ty~ 200 K
for NRAO: Ao~ 23O, T Y Z00 K
in this case, for B = 360 x 103Hz,ft = 180 sec (& Mk-I recording)

K~ 4.78

50 the correlated fluxes of the scurces observed must be greater than

~1 flux unit.




