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U.S. NAVAL OCBSERVATORY
WASHINGTON, D, C. 20380

THE U. S. NAVAL OBSERVATORY
RADIO ASTROMETRY PROJECT:
OPERATION OF THE GREEN BANK INTERFEROMETER

- PROGRESS REPORT
30 May 1980

‘L. Purpose. It has been shown that a radio interferometer is inherently
capable of determining Earth Rotation parameters {UT and PM) with considerably
greater precision and accuracy than the optical technique of observing stars

" passing through the zenith. In order to provide the accuracy presently required

for spacecraft navigation, star positions, and satellite navigation systems, the
Bureau International de 1'Heure (BIH) in Paris collects, and statistically weights
and averages data provided to it by about 75 observatories world-wide (including
over 40 communist observatories). The United States is entirely dependent on this
international effort for the data. The radio interferometer can also determine

a fundamental reference frame based on the positions of compact radio sources.
This reference frame is an order of magnitude’more accurate than the optical ref-
erence frame now used. Such a radio reference frame will allow independent cali-
bration of the navigational satellite systems now in operation or under develop-

ment..

2. Background. The U. S. Naval Observatory (NAVOBSY) inaugurated a Radio
Astrometry project in FY79, using the Radio Interferometer at Green Bank, West
Virginia. The puxpose of this project is to evaluate the capabilities of the
radio astrometry technique for providing fundamental celestial navigational
data, such as Univexsal Time (UT}, Polar Motion (PM), and accurate positions of
a selected group of radio sources, with the aim of eventually using this tech-
nology in an operational mode. In the exploratory phase, the project is a joint
project with the Naval Research Laboratory {NRL) . '

3. Mode of operxations

a. ''he National Radio Astronomy Observatory (NRAO) , operated by Associated
Universities, Inc. under contract with the National Science Foundation (NSF),




maintains and operates their radio interferometer in Green Bank, West Virginia

for the exclusive use of.the NAVOBSY on a 24-hour, seven-days—~a-week basis. The
NSF is reimbursed by the NAVOBSY for the costs involved in this operation. The

ground rxules are laid down in a memorandum of understanding between the NSF and
the NAVOBSY. . '

b. The 4-element radio interferometer consists of three telescopes of 85
ft. diameter on a 2.4 km. baseline and a 45 ft. diameter telescope located on a
hill 35 km away and connected to the main site by a microwave link. The tele-—
scopes operate at frequencies of 2695 and 8085 MHz. The NAVOBSY provides an
observing program which is executed by the NRAO cperating staff. NAVOBSY staflf
make frequent visits to the NRAO to discuss the program operation, implement pro--
gram changes, and improve equipment performance on the basis of analysis of the
results, :

4. Data acquisition and analysis

a. The standard observing program consists of observations of approximately
20 radio -sources, each observation of abput 10 minutes duration, 24 hours per day.
The data, recorded on magnetic tape, and consisting of phase and amplitude measure-
ments of the interferometer fringes of the four interferometer pairs, are shipped
to the NAVOBSY daily and reduced and analyzed using the NAVOBSY computer in Wash-
~ington. The NAVOBSY distributes the data to users as appropriate.

. b. Because no instrumental parameters are changed in this continuing pro-
" gram and the same sources are observed over and over, it is possible to detect
ever more subtle atmospheric and instrumental effects, study their origin and
bake steps to correct them or apply corrections to the current and previously
taken data. Consequently, as these effects are better underxstood, both source

positions and current and prior determinations of UT and PM will improve.

5. Detailed discussion

a. The entire program is currently aimed at exploring the feasibility of
the radio interferometry method as a permanent tool for accurate determination
of Earth Rotation parameters. Improvement of existing equipment, development of
new equipment., and new computer programs are an integral part of the effort.
Analysis of the accumulating data bank is expected to provide deeper insights
into the subtle effects which antenna deformation with temperature and solar
illumination, cable delay changes, and delay changes in the receivers can have
on the data. Studies of atwmospherie delays as a function of weather, tempera-
ture, humidity, etec. will allow a corxection for these effects. Combining the
data from the two frequencies has recently led to a considerable improvement in -
correction for the effects of the ionosphere. Work toward understanding and
modeling the effects of the Earth's atmosphere (both wet and dry components) is
progressing.




b. Continued observations of source positions will lead to an answer to
the guestion whether these objects (usually quasars} are really stationary or
whether small changes in position occur due to peculiarities in the radiation
mechanism. Some nearby radio stars (real optlcal stars which show occasional
radio flares} will be added to the program in order to give insight into the
flaring mechanism. Both these studies will determine whether the optical and
radio positions can really be assumed to coincide. This is important for the
connection of the radio to the optical fundamental reference frames.

¢. The rotation of the Earth is not well understood. Polar Motion studies
on a daily basis have never been made with this accuracy. In addition, the
short period nutation terms in the theory of Earth rotation, which will be ob-
tained in the course of this project, will allow improvement in the theory.

d. The extensive data base that will be collected will be checked against
other UT and PM data to determine the consistency and in particular to deter-

‘mine the degree of improvement over the old methods that can be reached, It will
‘also be used as a base against which other systems, currently under development

(laser ranging, doppler, VLBI) can be tested.

e. Development of plans for a second 30-35 km station at right angles to
the first (to better determine Polar Motion) is in progress. FY80 and FYBl funds

'will be used for establishment of this station as well as a new radio link con-

necting the two remote stations with the main observatory, and a water vapor
radiometer to allow for the means to measure the amount of differential water
vaper along the line of sight between two antennas.,

‘6. Results to date

a. The fundamental observed quantities, from which our estimate of UT is
derived, are the %, y, and 2z components of the interferometer baseline (B . B ,B ).
Data have been obtained on a regular basis since October 1978. This data setfis
supplemented by some experimental data obtained at roughly monthly intervals be-
tween December 1977 and July 1978,

b. Initially, using two-day averages of observations made at a single S-
band frequency (2695 MHz) between October 1978 and March 1979, our values for
UT indicated an internal error (precision) 1 ms and an external error (accuracy)
of 4 ms- after removal of a systematic difference between the BIH values for UT
and those determined by the interferometer. Since March 1979, we have been ob-
serving at two frequencies and correcting our observations for ionospheric effects.
The resulting values for UT from October 1979 indicate an internal error (precision)
of 1 ms and an external error (accuracy) of 1.9 ms after removal of a 4.5 mg
periodic difference between the BIH values and those obtained by the interfero-
meter, a significant improvement. Figure 1 exhibits the difference between the
interferometer determinations for UT and those determined by the BIH. The points




after October 1979 have been corrected for ionospheric effects. Currently,
the data prior to October 1979 are being corrected for ionospheric effects.

¢.  For the component of Polar Motion observed by the intexferometer, we

? obtain an internal precision of 0%014 (40 cm.) and an external precision of
" 0.029 (80 ¢m.). The results for both UT and Polar Motion are summarized in

Table I, and refer to 3-day averages.

TABLE I.
uT Polar Motion
GNCOTT.IOT |Corrected Lor  |Uncorr.ror |corrected Ior
ionosphere {ionosphere ionosphere ionosphere
Internal Error (precigion) 2.0 ms 1.0 ms 0028 0v014
. {External Exror {accuracy) 4,0 ms 1.9 ms _ 0Y 061 09029 .

Tt should be noted that the precision in UT and PM is already at the level

' expected for fully satisfactory operation, which is comparable to that of the BIH

5-day values. The studies of the atmospheric effects mentioned below are expected

- to remove the systematic exrors which cause the difference between accuracy and
. precision, and the addition of the second baseline is essential for the accurate

resolution of all three components of the Earth's motion; other equipment is
expected to improve the data to the target 0V0l0. It should also be noted that
the 35 km baseline length over two years of operation has remained constant to

" within 2 mm, but variations in the three components of the baseline vector are
-still of the order of 5 mm. :

7. Current Research

The effects of the neutral atmosphere (both dry and wet components) on the
observations are currently being investigated. First, an improved model atmos-
phere, which contains seasonally adjusted atmospheric profiles and incorporates
ground-based meteorological measurements, is being developed. It is expected
that an improved tropospheric model will eliminate the systematic differences
between the interferometric data and the BIH and improve the external precision
of our day-to-day data. Secondly, water vapor radiometers are being developed
to allow measurement of the observed differential water vapor seen along the line
of sight between two antennas in order to better calibrate our model atmosphere.
These atmospheric studies represent a new attack on understanding and nodeling
the Earth atmosphere and its effects on radio propagation; the availability of
precise date on atmospheric delay on a l0-minute basis, 24 hours per day through-
out the year, forms a very powerful new data base for these studies.




. Research on the theory of Earth Rotation, especially nutation, is continuing.
' Some nearby radio stars have already been included in the program and studies on
‘the position, and the strong intensity fluctuations of one of them (S55433) have
‘yielded results unsurpassed by other observatories.

58. Publications The folléﬁing publications have resulted from the project so
ifar:

a. X. Johnston, J. Spencer, C. Mayer, W. Klepczynski, G. Kaplan, D. McCarthy
and G. Westerhout (1978) “Requirements for a Radio Coordinate Reference
Frame for the Determination of Earth Rotation Parameters", in Modern
Astronomy (IAV Coll.48) edited by F. V. Prochazka and R. H. Tuckexr,
publiszhed by University Observatory Vienna.

i
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|

b. G. Westerhout (1978) "Future Developments in U. S. Naval.Observatory
; Tine Service", in Proceedings 9th Anmual PTTI Applications and Planning
; Meeting 1977.

c. K. J. Johnston, J. H. Spencer, C. H. Mayex, W. J. Klepczynski, G. H.
Kaplan, D. D. McCarthy, G. Westerhout (1979} "The NAVOBSY/NRL Program
for the Determination of Earth Rotation and Polar Motion", in Time and
Farth's Rofation, edited by D. D. McCarthy and J. D. Pilkington, pub-
lished by D. Reidel.

jf d. D. D. McCarthy, W. J. Klepczynski, G. H. Kaplan, F. J. Josties, G. Wester-
e hout, XK. J. Johnston, J. M. Spencer (1979) “"variations of Earth Orienta-
tion Parameters from Change in the Orientation of the 35-hour Baseline of-
. the Green Bank Interferometer", in Annual Repont of ithe BIH 1978.

e. W. J. Klepczynski, K. J. Johnsten, G. H. Kaplan, D. D. McCarthy, J. H.
.Spencer, F. J. Josties, R. L. Branham’ (1980} "Progress Report on the
USNO/NRL Green Bank Interferometer Program", in Radic Interferometry
Techniques {or Geodesy, edited by R. Coates, published by NASA-GSFC.

6. G. H. Kaplan, V. V. Kallarakal, R. S. Harrington, K. J. Johnston, J. M.
Spencer (1980) "The Coincidence of the Radio and Optical Emission from
55433", Astronomical Journal 85, 64, 1980. :

1. In addition, progress reports on various aspects of the program were presented
at meetings of professional societies (with abstracts in the proceedings) by
' W. J. Klepczynski, D. D. McCarthy, K. J. Johnston, and G. Westerhout.

9, PYrognosis. An independent united States determination of improved, accurate
UT and PM and a better fundamental reference frame is being provided to DoD users.
~ It is anticipated, based on current excellent results, that regular distribution
of independent NAVOBSY UT1 and PM information'}ill start in September 1980.

Westerhout
Scientific Director
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DEPARTMENT OF THE NAVY
U.S,. NAVAL OBSERVATORY

4TH AND MASSACHUSETTS AVE,, HW
IN REPLY REFERTO

Public Affairs Office:
_ o 202/653-1541 (AM4)

FOR_IMMEDIATE RELEASE | : © No.4/83
_ | 22 ‘Feb™1983

WASHINGTON, D.C, 20350

NEW RADIO TELESCOPE IN WEST VIRGINIA

High atop a distant mountain in the hills of West Virginia, a
new telescope points skyward. At a ribbon-tying ceremony celebrating
the completion of the construction of a 14.2 meter radioc telescope,
12 employees of the National Radio Astronomy Observatory (NRAO) at
Green Bank, West Virginia and 2 from the U. 8. Naval Observatory in
Washington, D.C., braved 17 degree temperatures and mountain winds to
observe  a demonstration of the new instrument. The telescope was
built by NRAO for the exclusive use of the Naval Observatory.

In the fall of 1983, two radio telescopes located presently at
the Green Bank Observatory site, will join a radio telescope located
atop Brushy Mountain near Huntersville, W. Virginia (35 kilometers
distant), and the new 14,2 meter telescope outside Monterville (32
kilometers away) to form what is called an INTERFEROMETER. The new
interferometer will replace the ©present version now operating, to
determine more accurately the rotation of the Earth.

NRAO in Green Bank is operated by Associated Universities, Inc.,
under a contract with the MNational Science Foundaticn. The West
Virginia site 1s 1located in what is known as ‘The National Radio
Quiet Zone’ where no strong radio or television transmitters are
allowed anywhere nearby. Therefore, there is little interference from
other radiation sources; even the motor vehicles at the site are
diesel powered to eliminate the radio interference caused by
electrical ignitions, '

~MORE-
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The four telescopes are synchronized to look at the same objects
at the same time. The observing will be done continuously, 24 hours a
day, 7 days a week. The control commands to the remote telescopes
will be sent by a microwave radio link from the Control Building at
Green Bank. These signals will be relayed by reflectors placed atop
the mountain ridges separating the telescopes. The data on each
object observed will then be tramnsmitted back to Green Bank where it
will be: recorded on magnetic tape and sent daily to the Naval
Observatory in Washington D.C. The microwave link should be completed
this spring, and observations with the new telescope should begin in
the fall of 1983.

Informatién‘.?gained by the interferometer will be wused to
determine more accurately the Earth’s rotation on i1its axis, by

‘ebservations of distant vradio sources called quasars. Quasars are a

group of extragalactic objects in the Universe hundreds of milliens,
or billions of light years away, that radiate strongly in the radio
wavelength portion of the spectrum. Some 20 quasars will be observed
as well as such peculiar objects within our Galaxy as Cygnus X-3
(located within the constellation of Cygnus the Swan). Each of these
objects will be observed several times a day for a periocd of up to 10
minutes at each observation.

Radio telescopes operate by coallecting the radiation of that
part of the spectrum that has a longer wavelength than that which the
human eyve can detect, (Visible light is just a very small part of the
electromagnetic spectrum). The field of radio astronomy was ploneered
by Karl Jaunsky d1in 1931 when he worked for Bell Laboratories. While
experimenting with a radio antenna to track down sources of static,
he noticed that <certain static was appearing every day, but four
minutes earlier each day. He realized that because of this 4 minute
gain, he was picking up something that was not on the Earth. Jansky,
it turns out, was receiving radiation from the center of the Galaxy!

Radio astronomy 1is similar to optical astronomy: radio waves
behave just 1like light waves —~ only the lengths of the waves differ.
Because radio wavelengths are longer than light wavelengths, they
cannot be photographed. 1Instead, they are collected in “dishes’,
which bounce the-wave up to the antenna. This, in turn, converts the
wave into a tiny electric signal, just like any radio antenna., After
amplification, a graph can be made to show the strength of the
signal., Radio maps are made by moving the telescope and scanning the
objecets from point to polnt. The larger the telescope, the more
detail can be mapped. It turms out that the brightest objects in the
optical sky are not identical with the brightest cobjects in the radio
sky. Most optically bright objects din the sky are weak radio
emitters,

-MORE-
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The requirements of spacecraft launches and geodesy have
increased the importance of extremely precise measurements of the

- Earth’s motions - in space. Unfortunately, the Earth rotates at an

irregular rate, and this irregularity i1s by no means predictable.

Therefore, it  becomes essential that we measure the irregular motion

of the Earth with the greatest accuracy possible. This work is
coordinated by the Bureau International de 1’Heure (BIH) in Paris,
France and the International Polar Motion Service (IPMS) in Mizusawa,
Japan., The U, 8. Naval Observatory dis a major contributor of
information to these international bureaus.

The complex forces that the Earth is subjected to, such as the
gravitational attraction of the "Sun and Moon, the gravitational
friction of the Earth’s oceans responding to these forces, and the
fluid core ‘in the center of the Earth, all conspire to complicate the

Earth’s rotation. First, we must measure the changing orientation, or

"pointing" of the Earth’s celestial pole 1in space. The slow,
long-term c¢ircular motion of the pole through space 1is <callegd
‘precession’ and takes roughly 26,000 years to repeat. {The star Vega
will become our pole star in ~about 12,000 years because of this
changing orientation of the pole)., The pole’s short period,
small-amplitude motion 1is called ‘nutation’.These two motions may be
affected by the internal structures of the Earth.

The periodic ~"wobble"™ of the Earth’s pole is the second
phenomenon that 1is measured. This is called ‘polar motion’ which, on

_the Earth’s surface, causes the pole’s position to move. This motion

can be contained in an area smaller than that of a tennis court, The
‘wobble’ 1is attributed to the fact that the Earth’s rotation axis is
not aligned with dits symmetry axis. {(The Earth is slightly bulged
about the equator).

The third motion that 1is measured 1s Universal Time, or the
rotaticon of the Earth. One complete 7rotation of the Earth takes
roughly 86,164.09 seconds, but is by no means constant. The length of
the day 1s 1increasing by a very small amount each century, because
the Earth’s rotation rate i1is slowing down., (At the time of the
dinosaurs, a day lasted 23 hours!). Furthermore, there are seasonal
variations. These seem to be due to tidal friction and changes in the
atmosphere, among other things.

Because the four radio telescopes used by the U, 5. Naval
Observatory in Green Bank will essentially be operated as one, the
effective dish size 1s about 35 kilometers in diameter. The position
of the objects observed can be determined more precisely than by any
individual telescope. The Naval Observatory is the only observatory
which wuses radio telescopes on a dailly basis to determine Universal

Time, nutation, and polar motion,

-MORE-
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Optical astronomers study and measure the positions and motions
of objects that are visible., The Earth’s rotation can be measured by
them only with an accuracy as great as the knowledge they have of the
positions and wmotions of those objects. The stars themselves have
motions which. must be . accounted for. Because the extragalactic
objects studied by radio astronomers are so incredibly distant, the
motions these objects have are  essentially negligible, and create
what is called a ‘fixed reference frame’. With the extragalactic
objects -as the reference, the object of interest, then, becomes the
Earth itself, ' whose motions can  be. studied with heretofore
unattainable detail and accuracy.

The U. S. Naval Observatory plans to expand its observing list
to include even more radio sources, with the eventual goal of
producing a sizeable <catalog of radio sources with precisely
determined positions.  This catalog will ultimately be of tremendous
use 1in future - 'deep-space exploration, as well as Earth-based
navigational systems. The new radio telescope high atop Point
Mountain in West Virginia is thelping to further the Naval
Observatory’s 150-year involvement 1n measuring the complex motions
of the Earth,

-END-

The U. S. Navalf Observatony A4 Zhe sole authornity in the United States fon
astronomical data required fon navigation, cdlvil affains, and Legal purposes,







Memo

To: Scientific Director, NRAC Greenbank, West Virgihia

TS USKO

TS3 USNO
From: Robert A. Hull TS83H USNO
Date: September 15, 1986

The U.S. Naval Observatory installed a Precise Time Station (PIS)
in Greenbank, West Virginia in July of 1984, The equipment installed
was an HP 9915 computer, VHF switch and modem. This equipment is owned
by USNO. Other equipment in this system purchased by the National Radio
‘Astronomical Observatory are an Austron Loran C receiver, an HP 5335
counter, and most recently a Datum GPS receiver.

The present systems monitored by the PTS are the Hydrogen MASER,
located at the 140 foot antenna; the GPS and Loran receviers, located
in the Interferometer control room; and two Cesium clocks located in
the basement of the control building.

The purpose of this PTS is to provide the Interferometer as well
as the entire Greenbank Observatory with precise timing down to the
nanosecond level. Other benefits include monitoring of Loran chains for
the Naval Observatory, providing precise positioning and location in
the GPS reference frame, as well as outputing standard frequencies for
electronic equipment.

Possible uses for this system in the future mey be in timing
pulsars, determining seasonal and daily land path delays for Loran
signals, calculating atmospheric path delays with GPS ,VLBI ,and
water vapor radiometers, as well as providing for a distribution of
clocks in the Naval Observatory mean.

The Precise Time Station at Greenbank, West Virgina records on the
hour, time and frequency measurements. The station each day is called
up by an HP 1000 computer from the Naval Observatory. Presently this
computer accumulates the hourly data which are analyzed for anomalies
each week by USNO and interferometer personnel. The data format is
easy-to-read and can be accessed through most modems and computers. The
data are archived on floppies, for an historical record, before the HP
1000 computer files are purged each week. Access to weekly data can be
acquired by contacting Mr. Miranian at 202-653-1522. For data older
then a week, floppies can be provided by Mr. Hull at 202-653-0585. For
daily or instantaneous readings the PTS station can be called up. The
data format is similar to that found on the HP1000.

The data format for the PTS is shown below. A VHF switch has
four starts and four stops. The switch permits frequencies or pulses
to flow through it. It is controlled by the HP 9915B computer and acts
as a multiplexer for the input to the counter. Readings are made on the
hour by the computer but can alsc be performed at any time by directly
controlling the switch through a remote computer.
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GPS time, while accurately read as a pulse input to the switch, is
also acquired by the 99158 computer through an RS232 link. The GPS
receiver performs its own statistical analysis, smoothing data, and
outputs its calculated offset of a Cesium 1 PPS against a satellite.
This data is of better quality. The user is assured that the offset is
caleulated from a specific satellite and not just a slewed 1 PPS passed
through the receiver ag would be the case if no satellite is present.
The GPS file obtained by the 9915B can be accessed by any remote
computer. It’s format is shown below.

Oof PATE TrmE SV Eh BTH g an ToTSUML Tr T F17 Tt EwTE mig
212 ZLJULGE @0311% 13 54 337 19 015 1872546 +Q00803375 +OR0RQ337S +2.45162E~14 48
212 31JULSE 204417 13 97 345 25 815 192833 +000293375 +0000@337S +2.38060E-15 45

£@ 357 24 G155 192526 +GOA0233TLS +EOG0A3575 —4. 1RE4AE-15 48
B3 209 Z4 Di4 192522 +E000@3374 HOBDOA3ZTE -1.7495E~-14 45
S @22 28 014 192528 +@@9063375 +0@R0@3375 ~1.2379E~14 48
86 833 27 Gl4 192519 +OQ0BB3I37H ~UBBVE33TS ~1.0553E-14 48

212 J1JULBS BBS7IAE
212 31JUL8Bs @1101%8
212 Z1JULBE 91232@
212 31JULBE 313E28

Bt b b pen bk e e
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€12 31JULBE 814321 BE D55 28 0l4 192513 +Q0@BR337S +Q0GROE3TS ~F.621BE-15 45
212 31JULBE 829223 B4 @77 29 Bl4 199509 +2PQ0GIZTE +QE0RYIITS +1.477SE-15 46
212 31JULBE 921523 BZ 986 27 @14 19.588 +0P00R3374 +A@RGR3375 -3,32530E-15 48
212 34JULBE 822824 13 59 299 25 915 192497 Q20003375 +R000Q3375 ~1.3074E-15 4p
212 31JULEE 924128 13 &5 (89 25 @1% [3Z042 +0BROA3F37S +QU0PU3375 -4.8883E-15 45
212 331JULBE D25428 13 5@ 114 Z4 QL6 197008 +C00BO3374 +ROBGO3378 ~2.1184E-15 48
212 JLJULBL Q30731 1% 45 125 18 @18 192492 +Q00003375 +B0O003375 +1.3E38E~16 48
212 S1JULBE 032033 L3 40 132 18 819 192497 +DO0003374 +00900537% +1.7124E—15 48
212 FrJULBE @33335 13 34 137 19 927 192497 +0AR093ET6 +AOBOASTTS +3.55836-15 4R
212 FLJULEE 8540638 13 29 141 14 U2E 1972485 +@9200 g +RRRGRISTh 3. BE3IRE-15 4R
2id 3LJULSE 835832 13 23 145 14 P29 192484 +B0QGQE3TS +00R003375 +4, POADE-1S 4R

To get measurements accurate to the nanosecond level, GPS data
acquired from Greenbank must be matched MJD-to-MJD and satellite—to-
satellite to USNO acquired data. This practice is called common view. A
file on the HP 1000 computer in Washington lists USNO observed offsets
of each satellite during their passes over the Eastern United States.
This file is called @GPSD3. It's format is shown below.
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It is a simple matter to match the USNO-GPS, Greenbank-GFS data
sets. Once a match is made between space vehicles and date MJD of
observation, the calculated offset can be determined between the USNO
Master clock and the Greenbank Clocks. A BASIC or C language program
can be provided by Robert Hull that does this. The output of these
programs might look like the following.

gy USNO START TIME USNO-GP5 DAS START TIME OAS-6PS  USNO-DAS

13 BG641.169 -623 BE641.1551 +3376 -3891%
B B641.228 -B30 G641.2251 +3375 ~4485
12 BE41.378 ~534 6641.38a1 +3375 : ~4604
12 BE41.387 -B41 BB41.3892 +3375 ~4@1E
12 6641, 356 -543 6641.3983 +3375 -4418
12 6541 .408 -b38& 8641.4874 +3375 4211
12 BB41.417 -835 B641.4166 +3375 ~-4016
iz B641.426 -B38 B641.4257 +3375 ~-4013
1z 6641 .435 -63@ 6B641.4348 +3375 -4085

It should be noted that the GPS file on the 9915B computer only
stores 300 passes or about three days of data. Presently, due to
personnel shortages, a file has not been implemented on the HP 1000
that records this data for a historical record. In any case, as soon as
one is set up, it most likely will not keep data older then & week or
two. If it proves useful, this data may be archived by Mr. Hull. Your
suggestions are encouraged on this point.
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