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1. INTRODUCTION

This operating manual has been written to acquaint the new user with
operating procedures for the Stanford five-element interferometer. It is
by no means a comprehensive discussion as the Stanford array is a sophis-
ticated instrument not easily described in a few pages of text. Since a
thorough understanding of the system is difficult to achieve in a short
period of time, it is expected that the new user will increase his basic
knowledge through operating experience.

Documentation on the Stanford array is contained in several volumes
of in-house reports called glints. Glints cover a wide range of topics
including antenna construction, eiectronic hardware, computer software,
resu}ts of observations, and the use of interferometric data. Most glints
have not been written as tutorials, and some may be difficult reading for
those not familiar with local terminology. Certain glints are of interest
to the new user. They are referenced in this manual and included in the
appendix. Reference volumes of all glints can be found at the field site
and at the office on campus. Extra copies of single glints can be ob-

tained through the Institute secretary.

2. LICENSING PROCEDURE

Unlike the situation at some installations, the observer using the
Stanford interferometer is also the operator; he controls the antenna
drive system, the computer, and associated electronic hardware. . The
Institute staff is évailable to provide some assistance; however, this
is generally limited to normal business hours. The night-time observer
will find he is usually the only person at the field site. As improper
use of the system poses a threat to personnel and equipment, new observers
must demonstrate competence in operating the interferometer. Authority
to operate the interferometer is granted only after the new user completes

the licensing procedure described below.




(1) After reading the operating manual, the new user will be asked
to complete a short (closed book) exam which covers aspects of the an-
tenna drive system. This knowledge is essential for safe operation of
the array. Questions are limited to the material presented in Section 4
of this manual.

(2) The successful examinee will be issued a learner's permit which
allows him to operate the array in the presence of an Institute staff
member. By assisting in actual observations and by participating in
special training sessions, the trainee will gain experience with the
antenna drive system, the electronic hardware, the computer, and methods
of data collection and reduction.

(3) When the trainee feels ready, he will be asked to perform a
short observation in the presence of (but unassisted by) a member of
the Institute staff. The examinee will be required to:

(a) precess the source to the date of the examination

(b) run the on-line interferometer program

’(c) set the antennas on the source

(d) take gain and local oscillator line length measurements

(e) take several integrations

(f) terminate the on-line program and stow the antennas.

After completion of these steps, the new user will be considered a
license operator, although it should be clear to him that his training
is far from complete and that it is his responsibility to continue to

develop his understanding of the system.

3. OVERVIEW OF THE SYSTEM

A preliminary description of the Stanford interferometer is contained
in the July, 1971 issue of Sky and Telescope. A more detailed report by
Bracewell et al. is contained in Proceedings of the IEEE, September, 1973.
The appendix includes copies of both papers. The new user is encouraged
to read both papers. Institute staff members will be happy to discuss

topics which are not covered adequately in these papers.



4. ANTENNA DRIVE SYSTEM

The procedure for driving the antennas has been described in detail
by R. S. Colvin (Driving Instructions, glint 459). The new user is ex-
pected to have a good understanding of this material as it will be
covered in the written pre-licensing examination. Supplemental informa-
tion not included in this glint is given below.

In the control room, readouts give the nominal pointing of each
antenna in declination, hour angle, and_right ascension. Coding of these
readouts is as follows:

Declination:
DEC READOUT = 3600.0 + DECLINATION
where DECLINATION is in minutes of arc

Hour angle: ;
HA READOUT = 50000.0 + HOUR ANGLE

where HOUR ANGLE is in seconds of time. One hour of motion
corresponds to 1800 counts on the hour angle readout.

Right ascension:

The Right ascension readouts display the right ascension in
in minutes and seconds of time modulo six hours.
EXAMPLE:
DEC READOUT = 4820.5
HA READOUT = 52300.0
RA READOUT = 320" 45°
The antenna is pointed to a declination of 4820.5-3600=1220.5"
which equals 20° 20 30
The hour angle is 2x(52300—50000):4600S & lh 16m 40° .
The wieht aEcensicn 1k 5° 20° 45°, 11 o™ as®, 1" a0™ 4s®, or

h m s
23 20 45 . The reading of the sidereal clock and the antenna hour

angle must be used to resolve the ambiguity.

To define a safe range of antenna motion, two levels of protective

switches are installed on each antenna. Limit switches establish absolute

bounds on antenna motion. They are set to be activated just before the
rim hits the ground or the dish is driven into the pedestal (as when
entering the stow position)., It is impossible to drive an antenna past

the limits without wiring changes. Boundary switches are activated




before the limit swithces to provide a redundancy in protection. The
bouhdary also defines the area of the sky for which accurate instrumental
calibration is known. The region between the boundaries and the limits
is called the danger zone. It is possible to operate the array in the
danger zone; however, the benefits of danger zone operation are slight
except for sources in the extreme south. Because of the extra risk
involved, such operation is discouraged. Use of the danger zone is re-
stricted to experienced operators. 1In all cases, the operator must be

present at the control panel during any danger zone operation.

5. ELECTRONIC HARDWARE

Under normal circumstances, the user need only be concerned with
the electronic hardware in the control room. It is possible that controls
in the contactor and ground boxes will occasionally be found in abnormal
positions; consequently, all users should know correct switch settings
for all reasonably accessible controls. Figures 1-3 illustrate the
layout of equipment in the control room racks. The contents of the
contactor box are described in glint 459. The standard positions of
controls related to the interferometer mode of operation are marked with
red dots in the control room and are listed in Tables 1- . Certain
non-standard positions are required for observations of the sun and for
single dish observations. Users interested in these types of observa-

—_ ¥ wARED
tions should consult with the Institute staff. [PRLe> NotT Pre
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6. COMPUTER HARDWARE
The computer hardware is described by R. 8. Colvin and A. R. Thompson
in glint 413. An addendum is provided at the end of that glint to re-
flect changes in the system since the glint was written.

7. COMPUTER SOFTWARE

The Institute uses a cassette operating system called SRAIOS

(Stanford Radio Astronomy Institute Operating System) which is a
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modification of the CMTOS system supplied by Dicom. Certain aspects of
SRAIOS are described by C. J. Grebenkemper in glints 431 and 432.
Compilers available include Hewlett-Packard vérsions of FORTRAN, ALGOL,
BASIC, and ASSEMBLER. Descriptions of these languages can be found in
Hewlett-Packard literature at the field site, and all but ALGOL are
deécribed in A Pocket Guide to HP Computers. FORTRAN users will be

interested in glint 410 by L. R. D'Addario which explains the use of
the load-go option available in our system.

Programs and subroutines used at the field site fall into three
categories. First, system software includes SRAIOS and various routines
supplied by Hewlett-Packard and Dicom. Second, supported software in-
cludes those programs which have been written by the Institute staff
and are essential to the operation of the interferometer. These pro-
grams are used by all observers and have been subject to extensive
debugging. The program authors are responsible for correcting any errors
that may be discovered. ,Eggigprograms are currently in the supported

STiM: SeTTiPA [ CHeekina  Sipeaea. CLoCk
category. The programs are: 15 RALSL SULPPLLTED

PREC (glint 524; author S. J. Wernecke) is the program which
performs source precession. The 1950.0 positions are entered through
the Hazeltine keyboard or they can be read from cassette tape. A
list of standard calibrators can be found on the PARAMETERS tape. This
catalog is precessed weekly by the Institute staff. Sources not in this
catalog must be-precessed by the observer before using NELI.

. NELI (glints 475, 525; author L. R. D'Addario) is the on-line pro-
gram used while making interferometer observations. NELI handles data
acquisition from the ten interferometer channels and outputs estimated
vigsibilities to an output tape and to the line printer. NELI also con-
trols delay line settings and continuously updates the Hazeltine display
to reflect changes in the correct pointing of each antenna. If a cali-
brator has been observed before the source of interest, NELI can produce
on-line plots of line integrated brightness. The computation required to
produce the plots is performed concurrently with data acquisition so that
no observing time is lost.

NOTE (glints 505, 528; author S. J. Wernecke) is the editor of NELI
output tapes. The user can specify any combination of replace, delete,

and insert functions. NOTE is particuliarly useful for correcting gain




or line length measurements which were entered incorrectly, deleting bad
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data records, and inserting additional commenﬁhinto the NELI output.
NOTE should be used when copying files from the archives observing tapes
to user cassettes. NOTE check for errors on the observing tape and
prompts the user for corrections if any are found.

CORN (glint ; author C. J. Grebenkemper) is the program which
corrects the visibility data for measurable instrumental effects. These
effects include changes in receiver gain or local oscillator line lengths,
clock errors, phase parameter errors, S-band frequency errors, phase
shift and attenﬁation due to the multipliers, and gain changes due to
shadowing and dish deflections. The output of CORN is a corrected data

tape which is ready for calibration.

The third category, contributed software, consists of programs
written by Institute staff members and observers and donated for public
use. The programmer offers no guarantee that the program is error-free,
and g user who discovers bugs (or has other complaints about program
operation) must modify the program for his own use. Most of the soft-
ware available at the field site is of a contributed nature, including
many subroutines in the library and a number of programs on the SRAIOS
system tapes. The user of contributed software should obtain a source
listing of the routine to check that the program performs the desired
task. Listings of all subroutines in the library and of all programs
on SRAIOS system tapes are contained in binders at the field site.
Anoéher binder contains additional program documentation which explains

program input and output and the calculations performed.

8. DATA REDUCTION SOFTWARE

Sufficient software (supported and contributed) exists so that an
observer can obtain a one or two dimensional map without doing any
programming. Development of software in the mapping and analysis stages
of data reduction is continuing. The structure of existing data re-
duction programs is shown in Figure 4. The user should refer to pro-
gram listings and to the program documentation binder for a discussion

of the options and algorithms available in each program.
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9. GAIN MEASUREMENTS

L. R. D‘Addario describes the gain measuring hardware in glint

The procedure for making gain measurements is explained below. As gain

measurements interfere with the interferometer operation, they should

not be made while an intggration is in progress.

1) Ensure that the gain measuring radiometér (rack 3) 1is turned

i i
on and that the chart recorder input selecto;f(rack 4) is set to 12.

0

Turn on the chart recorder cdn¢rol (rack 5J: Set full scale voltage

. i

on the chart recorder amplifiefk(rack Sfyto 1 volt.
\ 7

2) With IF amplifiers (rack\4)/set to manual, adjust the lower

\N

potentiometer on each amplifier so’that meter readings are the same in

both ALC and manual positions. /The

@

per potentiometers control the
ALC level and should not be adjusted once observations have started.
3) With the IF selector (rack S)QEQF to LOAD, adjust the chart

A0 C

recorder offset (rack 5) so the chart rec&{der (rack 5) reads O.

#4) With IF amplifiers (rack 4) set tﬁ\ anual, switch the IF
selector (rack 3) to each amplifier in turn aﬁg record the deflection
registered on t@gJChart recorder (rack 5). Théﬁf\readings are input

to the on—line”ﬁrogram using the GA command. N\

'.-r .‘s -
5) Turn IF amplifiers (rack 4) to ALC. Turn art recorder (rack 5)
off if nozﬁore measurements are required. Resume obsegvations.
o ) h Y

10. IOCAL OSCILLATOR LINE LENGTH MEASUREMENTS

The local oscillator system and the line length measurement tech-

nique are described by A. R. Thompson in glints 285 and 358, respectively.

During observations, it is necessary to measure the electrical lengths

of the S-band distribution lines to each antenna as differential path
length changes cause correctable phase errors in the estimated visibilities.
Ordinarily, measurements are made at half hour or hour intervals although

Lade alt
more frequent measurements may be desirable around sunrise and sunset_since

CfEATES T

line length changes a;%;iypieaiiy greatexr %heﬁ . The following procedure

should be used to make line length measurements. These measurements do

not interfere with interferometer operation and can be made while integrating.




1) Turn on SWR meter (rack 6). Set rotary switch (rack 6) to TUNE
LINE.

2) Adjust slide screw tuner (rack 6) to obtain an SWR meter reading
in the left half scale on the 60 db. range.

3) Set the rotary switch (rack 6) to antenna 1. Adjust the
coaxial phase shifter (rack 6) for a null (with SWR meter set to 60 db.)
on the Simpson microammeter (rack 6). There is slight backlash in the
phase shifter mechanism; consequently, measurements should be taken
using a consistent technique. The convention adopted by Institute staff
members is to record the phase shifter reading for the first positive
going null encountered (starting from a phase shifter reading of zero)
and to approach the null turning the phase shifter knob clockwise.

4) Repeat step 3 for all antennas and input the phase shifter
readings to the on-line program using the LO command. All readings should
be between 0 and 135. ' |

5) Return the rotary switch (rack 6) to the TUNE LINE position
and turn down the SWR meter sensitivity. Turn off SWR meter when the

last measurement of an observing session is completed.

11. THE SIDEREAL CLOCK

The sidereal clock is set to record mean sidereal time. Since the

apparent position of sources and the apparent sidereal time are relevant
Yl LT AE
to observations, the follow1ng_gggx§nilen ig established.
< N
When the source right ascension is input to the_gn-line program,

it should be input as the apparent right ascension minus—the—egugtion
,.-—"""y r\_\
Oi—eq%iﬁpﬁgf/f?@Lthe*day of the observation. The equa;ion”f eguinoxes '~

hok 4
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Yy

can be obtained Trgm the Ephemeris. This haSﬂfhc effect of converting T

-

O L0

the sidereal clock to one which r Tds apparent sidereal time rather
than mean sidreal time. ..Qhe subtractlon is performed for the observer

using PREC to pnecéss sources. Tbe observer should remember to do this

subtra n for sources precessed by other programs or for sources for

ﬁﬁfgg/i:::rent positions are obtained from the Ephemerls,wl (=3 hplgqgts
The sidereal clock is reset weekly by the Institute staff. Normal

drift in that period is less than 50 msec. Since data can be corrected
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for the effect of small clock errors, the observer may wish to check the
clock error before beginning observations. L. R. D'Addario describes the
procedure to be used in checking the clock in glint 461. It is requested
that users refrain from resetting the clock except in the event of a
power failure (power fail indicator light is off). 1In view of the
regular maintenance, large clock errors not caused by a power failure are
most likely due to an error made in checking the clock. An entry should
be made in the sidereal clock log in the control room after any checking

or resetting activities.

12. 1IN THE EVENT OF DIFFICULTY

Weekly maintenance sessions are scheduled to ensure the reliability
of the interferometer. 1In spite of this attention, some failures are

inevitable. 1In view of the_complexity of the system, 1t is impractical _

ﬁﬂwtf}”f\‘/ %ﬁc (,—ff-.—'“’ Crep S -"T!_T_\k
to supply new users w1%ﬁ a trouble shooting guide. *}nqgeneﬂalv the GADE

proper response -in-the—event of-difficulty is to carefully document
the problem using one of the Trouble Report forms available at the
field site. This report should be given to one of the members of the
technical staff.

Equipment repair should only be performed by the technical staff;
observers are discouraged from attempting makeshift remedies as incor-
rect "cures" can easily do more harm than good. It is difficult to
write a concise definition that distinguishes equipment repair from less
complicated tasks which might be easily and safely performed by an
observer. Certainly, setting switches to the proper positions is not
considered repair work nor is correcting obviously misconnected (or dis-
connected) cables on the various front patch panels. As a rule of thumb)
any action which requires an observer to go into the racks (of tgﬂ-
disassemble equipment should not be performed unless an emergency arises
(a fire, for example). Under no circumstances should antenna safety
switches be jumpered or wiring modified. 1In all instances, corrective

activities must be carefully documentqd."
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A view from the cast showing all five antennas of the Stanford array in various stages of construction. The dish below

center is about to be lifted (off a giant sawhorse) by the boom cranes and placed on the No. I tripod base (right foreground).

The No. 3 dish is already in place and pointing at the north celestial pole. Beyond it are the tripods for Nos. 7 and 10 (see
chart opposite). From center to left are 10-foot dishes on two arms of the solar-cross interferometer.

Stanford’s High-Resolution Radio Interferometer

R. N. BrRacewkeLL, R. S. CoLviN, K. M. PrICE, and A. R. THOMPSON

Radio Astronomy Institute, Stanford University

OME YEARS AGO it became ap-
S parent that arrays of small radio
telescopes have features comple-
mentary to those of large single parab-
oloids.* As far back as 1961 here at

*For example, the Bonn 100-meter and the
Illinois 120-foot dishes, described in Sky AND
TeLescorE for December, 1970, page 339, and
March, 1971, page 132.

Stanford University, we built an array of
equatorially mounted 10-foot dishes for
work on the sun. It was found that sig-
nificant results could also be obtained on
galactic and extragalactic radio sources,
but the modest collecting area of this
array (a cross of 32 dishes each 10 feet in
diameter) limited us to a handful of the
known radio sources.

Participants in the interferometer project included (left to right) authors Price
and Bracewell and W. 8. Scott, Stanford Linear Accelerator Center.

-

.

A few years ago we began planning for
a larger instrument, confident that our
experience in achieving resolution of less
than a minute of arc with the first array
could result in 20-second-of-arc resolution
with a larger one. By going to a relatively
short wavelength of 2.8 centimeters (10,690
megahertz), and by using a minimum-re-
dundancy array, we could avoid moving
large antennas on rails yet obtain a fast
interferometer with resolution up to an
order of magnitude better than that of
most large paraboloids. We should be
able to observe at centimeter wavelengths
the sources in the extensive catalogues
that have been compiled by existing sur-
vey instruments, such as the Cambridge
3C interferometer.

This should all be possible with five
60-foot paraboloids, equatorially mounted
and spaced as explained below along a
675-foot east-west base line (corresponding
to 7,336 wavelengths). They would form
a minimum-redundancy interferometer
which, when pointed at the meridian,
would have a very narrow response peak
in hour angle, while resolution in declina-
tion would be obtained by observing over
a wide range of hour angles, a technique
known as earth-rotation synthesis. This
takes advantage of the rotation of the
earth to change the position angle of the




The polar axle and hour wheel of each énlenna will slip into the gap formed
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by the double legs on the north (right) side of its tripod. Two men at the left
edge of this picture are installing the baseplate for the polar-alignment theod-
olite on the No. 2 antenna (see diagram on page 4).

beam with respect to the source. Such a
versatile instrument would be very useful
for galactic, extragalactic, planetary, lunar
and solar work, but it would require
a computer and also costly phase-stable
electronics.

Much of the development has been
done “in house,” beginning with panel
design for a 60-foot reflector in 1965.

antennas, we can reconstruct the image
of the source.

The first way of thinking corresponds
to what happens when a single paraboloid
is pointed to different parts of a source
long enough to map out its characteristics.
The beam-width can be reduced by
increasing the diameter of the dish. Sim-
ilarly, in an interferometer array the

The ways of connecting the antennas

Since then the Air Force Office of Scien-
tific Research has funded hardware design
and construction, while the National Sci-
ence Foundation has supported develop-
ment of the microwave front ends, the
computer, and the central electronics
package. In all, these two agencies have
provided somewhat less than two million
dollars for the entire installation, which
has taken about 4} years to build.

MiniMUM REDUNDANCY

An array of antennas can be thought of
as having a beam that maps out a distant
source of radiation by scanning its dif-
ferent parts. We can also understand
what the array is doing by thinking of the
source as producing a complicated radia-
tion field in the neighborheod of the
observer. By exploring the [ield with our
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in pairs for minimum redundancy.

beam-width depends on the maximum
dimension, but it is convenient to think
of the array as composed of pairs of an-
tennas with various spacings.

In the usual fixed array, the antennas
are equally spaced along a base line, but
such an array is highly redundant, since
many of the separations are provided in
more than one way. For example, the
distance between antennas 1 and 3 is the
same as between 2 and 4. Yet the maxi-
mum separation can be produced in one
way only.

When the data are properly processed,
we need only one pair of antennas for
each separation, and to reduce the redun-
dancy some elements of the uniformly
spaced array can be left out. The omis-
sion either saves money and maintenance
or permits the use of larger antennas to

o

increase the overall instrument sensitivity.

To visualize our array, first consider 10
paraboloids equally spaced 75 feet apart
on an east-west line, and then remove the
4th, 5th, 6th, 8th, and 9th. The chart at
left below shows how the remaining five
paraboloids can be paired to produce every
separation from one unit of 75 feet up to
nine units. All the information that can
be extracted from an electromagnetic field
by the full 10-antenna array can be found
by this five-element array. Only for the
single-unit separation is there redundancy
(I-2 and 2-3), which cannot be avoided
with this number of antennas.

However, if this array is connected up
by simply adding the five signals received,
it will have a poor reception pattern, with
strong side lobes, Therefore, we operate
the 10 different antenna pairs as separate
two-element interferometers and record
their outputs simultaneously but separate-
ly. The signals received at each antenna
are first divided four ways and combined
in 10 voltage multipliers in such a way as
to produce 10 two-element interferometer
responses. These are sinusoidal and anal-
ogous to the sinusoidal optical interfer-
ence fringes produced by a two-pinhole
Young's interferometer.

Because of the earth's rotation, the out-
put from every multiplier rises and falls
with a period of about two to 20 seconds
or more, depending on the separation of

R .
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Some four years ago, C. C. Lee, R. N.
Bracewell, and a sheet-metal expert
completed this first dish panel. Set
horizontally, it was tested by loading
with sandbags until it broke.
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the source can be computed — an applica-
tion of Fourier transforms.

By recording nine independent fringe
patterns simultancously (one of the 10
spacings is redundant), the time taken to
survey an area is only one-ninth that re-
quired if only one pair of antennas were

In the array's antenna
pattern, the “grating re-
sponse” peak is some
253 seconds of arc from
the main beam. The
oscillatory side lobes
can be eliminated by
combining the fringes
from the nine channels

0 \j 100

| U Seconds of arc

]

the antennas and on the position of the
source. The amplitude and phase of this
varying output are a measure of the de-
gree of coherence between the electric
fields at the two antenna foci. From the
coherence values provided by all pairs of
antennas, the distribution of energy over

O\
ARV =
v 20? U U 300

/\ | = i . -
A% with suitable weighting
coeflicients, resulting in

the dashed curve.
used. With 21 times the number ot
antenna elements, we get nine times the
speed of a two-element interferometer.
However, since we require nine times as
many of some of the electronic parts, we
must weigh antenna cost against elec-
tronics cost. If the cost of the antennas is

significantly greater than that of the
electronics, the advantage is clear, espe-
cially for antennas more costly than ours.
The pattern of the array is shown in
the graph, and we sce that there is a main
beam 17 seconds ol arc wide. In addition,
a response is seen 4.2 minutes of arc away,
which results [rom the [act that the array
is made up ol discrete antennas, the col-
lecting surface not being continuous as in
a single large paraboloid. This feature
corresponds to the Ist-order [ringe of an
optical diffraction grating and for this
reason is known as a grating response.
The beam-width of the single antennas,
approximately seven minutes of are, sets
a limit to the field of view, but in practice
we are generally limited to 4.2 minutes,
because otherwise main beam and grating
lobe responses overlap and interpretation
ol the observing record is complicated.
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A scale drawing of a 60-foot reflector with the following principal parts labeled: AR, aluminum reflector; AS, aluminum

structure; DD, declination drive; DW, declination wheel (steel); F, focus; FE, front-end box; FS, feed support (steel); HA,
hour-angle drive; NP, north-pole-pointing (stow) position; OH, octagonal hub (steel); PA, polar axi_s; s, service position; SL,
south leg; TS, theodolite stand (for polar alignment). Stanford Radio Astronomy Institute diagram.
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EQUIVALENCE TO ANALOGUE IMAGES

As with an optical telescope, a conven-
tional paraboloid radio telescope forms an
image of the source in the focal plane, but
only part of this image can be picked up
by a feed horn placed on-axis at the focus.
If we wish to collect the information else-
where in the focal plane, we must point
the dish to each part of the source
sequentially.

Hypothetically, if we had a 675-foot dish
(diameter equal to our base line), we
could place other horns in the focal plane
and observe a number of parts of the
source simultaneously, at least in prin-
ciple. But in practice, difficulties would
arise from the proximity of the horns to
each other and from aberrations in the
image-forming properties of paraboloids,

With our minimum-redundancy array,
such practical difficulties are avoided, for
the analogue image formation results from
the way in which the signals are processed
in the computer,

THE 60-rooT REFLECTORS

A great advantage of an interferometer
employing dishes of moderate size is that
they can be equatorially driven to follow
a source across the sky. In our case the
coverage is for 10 hours, from five hours
east of the meridian to five west of it.
Our range in declination is from the north

Above, in a view from the north, the yoke and hour wheel are already installed

on a base frame, while the dish and declination wheel are being lowered into

place. Below, a view from the west shows how offsetting the hub permits the dish
to clear the ground when turned fully south for servicing.

celestial pole to the southern horizon
(—52°), covering the entire sky visible
from our latitude.

The diagram gives a north-south cross
section of one of our 60-foot reflectors.
The base tripod has one leg due south, the
other two widely split toward the north.
As shown on page 3, each of the latter is
double, to form the upper and lower sup-
ports of the stubby polar axis. This is
already installed in the picture of the dish
with the declination assembly attached
(above) being lowered into place.

In each case, motion about the axis is
by means of a large half-wheel around
which a roller chain wraps. The hour-
angle wheel is 30 feet in diameter and the
declination wheel 15 fcet. The chain
passes over two idler sprockets and a
drive sprocket to which a motor is con-
nected through a gear reducer. Walter S.
Scott designed the drives and C. C. Lee
supervised the mechanical construction up
to mid-1969.

The dish construction is seen in several
photographs and in the drawing. Its
framework is cantilevered from a central
octagonal steel box frame that also carries
the supports for the antenna-feed assem-
bly at the focus of the paraboloid. Note
particularly that the dish is offset half the
width of the box frame to the north of
the declination pivots. This permits low-
ering the declination axis by about six
feet, yet the reflector does not strike the
ground when it is turned to the fully
vertical position for servicing (pointing
due south). Were the rellector center-
mounted on the box frame, a much taller,
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The eentral hub (light tone) is seen in this view of the back of a dish. The
six-strand chain of the declination drive is about 10 inches wide.

more massive tripod would be required.
The weight of the reflector and parts that
move with it is 21,000 pounds, but coun-
terweights were omitted on the grounds
that drive, bearings and structure all must
accept wind loads that considerably ex-
ceed the dead load.

An eightlegged structure similar to the
tube of some optical telescopes supports
the feed. This permits the feet to stand
on the steel octagon, whereas the more
usual three or four-legged support would
require the feet to be well out in the
flimsier aluminum panel structure. How-
ever, the greater number of legs means
more loss of signal by shadowing. The
focal length is 18 feet and the focal ratio
is 0.3.

ANTENNA FEED AND ELECTRONICS

Each antenna has a feed horn that is
rotatable to permit polarization studies.
Receiving equipment is located in a front-
end box mounted immediately behind the
feed horn and also in a ground box at the
foot of the south leg of each antenna.

The front-end box contains a tunnel
diode preamplifier, a mixer and IF pre-
amplifier, the local oscillator and noise
calibration components. In addition, it is
possible to throw a wave-guide switch in
the front-end box that brings into opera-
tion a Dicke switch, so that the antenna
can be operated as a single unit for point-
ing corrections and other adjustments.
The local oscillator signals at each an-
tenna are derived from a master oscillator
(2673.25 MHz) in the control room, thus
assuring that the signals from all antennas
will be in synchronism. An automatic
phase-lock system is used to assure this.

The X-band signals are converted in
the mixer to an intermediate frequency
band of 10 to 70 MHz. Because of this
wide bandwidth (for increased sensitivity),
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compensation is needed for the antennas
being at different distances from a given
source. This is done by switching into
each circuit varying lengths of cable,
which act as delay lines. As the earth
rotates, the relative distances change, so
the delays have to be adjusted, For each
antenna there are 512 possible values.

A small on-line computer calculates
when it is necessary to change the delays
and selects the appropriate values. It
also samples the 10 multiplier outputs
and performs an initial averaging of the
data. Data is read into the computer 50
times per second, stepping sequentially
from one multiplier to the next. Every
five minutes the computer records on mag-
netic tape the average values of the ampli-
tude and phase of the 10 fringe patterns.
Thus 15,000 data samples are compressed
into 20 values, greatly decreasing the cost
of subsequent processing.

The antennas are driven in declination
by independently controlled motors, but
the hour-angle drive motors are connected
to operate the array as a single unit. The
antenna readouts and controls are located
in the observing room and the latter are
interconnected with a system of boundary
and limit switches.

THE OBSERVING PROGRAM

Testing of the antennas is now under
way, It includes correcting the readout
indicators and resurveying of each re-
Hector’s surface. Phase measurements of
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The feed box at the focus of a dish is reached by a ladder on the supporting

truss. Each of the 56 panels contains about 100 accurately placed 1/16-inch

holes, which are targets for a theodolite set up on the little platform at the dish

center. The holes form tiny spots of light that must align properly as the theod-
olite scans them to check the figure of the paraboloid.
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A view with the dishes pointing high in the southeast. Some ol them have unfilled central sections, to allow convenient
access for men and materials, but they will be filled in for regular observing.

the entire transmission system have begun,
and the computer-controlled variable de-
lays have been tested under aulomatic
_operating conditions with two antennas
connected as a two-element interferometer,
Both the readouts and the delay lines
were designed by Alec G. Little. Since we
are working to an accuracy of about one
millimeter, we expect to find that correc-
.tions will be needed for ambient tempera-
ture changes, antenna position, and other
effects.

When all the two-element channels are
working satisfactorily, the entire system
will be operated in the rotation-synthesis
survey mode for which it is intended. As
we gain experience, a gradual transition
will be made to observational programs,
but the system is very complex and must
b brought into adjustment with care.

The astronomical program will cover a
variety of objects. We wish to study the
structure of HII regions in the galaxy
and planectary nebulae, and to compare
the profiles of the latter with optical ob-
servations. Our array will be capable of
detecting and measuring positions of small
unresolved sources down to a flux density
of a few hundredths of a flux unit; there-
fore the array will be more suitable than
large single reflectors for surveying large
numbers of small nebulae in search of
radio emission.

We shall also work on the mapping of
nonthermal supernova remnants and ra-
dio galaxies. These observations are time-
consuming if done by movable-baseline
interferometry, but are well suited to a
fast, narrow-beam instrument such as ours.

The sun and moon will receive atten-
tion. It is possible that active solar regions
can be internally resolved and solar radio
bursts localized with respect to previously

mapped components of an active region.
There is also the outstanding question of
solar limb brightening at different wave-
lengths. The immediate availability of
our two-dimensional maps of the sun at a
wavelength of 9.1 centimeters should fur-
nish a good basis for special observations
at our new wavelength of 2.8 centimeters.

Lunar observations for a full lunation
might indicate features on the moon pos-
sessing unusual thermal properties or sur-
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face texture, especially in connection with
radar maps. This subject is well devel-
oped theoretically, and observations of
higher resolution are needed. In our case,
there is the technical difficulty that the
grating lobes of the interferometer (which
limit the field of view) have a separation
less than the moon’s diameter (see graph
on page 4). This problem is less acute
with the sun, because of its changing ap-
pearance with time.
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Graduate student Larry D’Addario, in the control room, checks pointing cor-

rections for the No. 3 dish. Above the chart is a standard Airborne Instruments

radiometer, and at left mechanical-counter readouts. Beyond his head is a bank
of 10 multipliers, and at upper right a sidereal clock.
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o “The Stanford Five-Element Radio Telgscopé e

RONALD N. BRACEWELL, ROGER S. COLVIN, LARRY R. D’ADDARIO,
C. JOIIN GREBENKEMPER, KENT M. PRICE, axp ANTHONY RICHARD THOMPSON

bstract—The Stanford radio telescope array is a fast image-
hing interferometer using earth rotation synthesis to produce a
brightness map of the continuum radiation from a portion of the sky
using data obtained in one 10-h observation. The array consists of
five 18.3-m diam paraboloid antennas mounted on an east-west line
in such a way that pairs of antennas span all spacings from 1 to 9
times the unit spacing of 22.9 m. At the operating wavelength of
2.8 em (10690 MHz) the half-peak beamwidth is 18.8" and the
grating-lobe spacing is 4.2, both in the east-west direction. The an-
tennas, which were constructed at Stanford, are equatorially mounted
and have a range of molion in declination from the south horizon to
the north pole and in hour angle from horizon to horizon or =5 h,
whichever is less. Bath hour angle and declination motions are con-
trolled by chain-drive mechanisms. The electronic receiving systems.
includes tunnel-diode preamplifiers followed by mixers and an IF sys-
tem with a passband from 10 to 70 MHz; both upper and lower side-.
bands are accepted. The local oscillators at the antennas are phase
locked to a reference signal which is distributed from a centrally
located oscillator. A system for mouitoring variations in the electrical
lengths of the reference-signal ¢z les is incorporated using modu-
lated reflectors at the five antennas The 1F signals from the antennas
pass through 9-b variable delay lizes and the signals from each oft
the ten possible antenna pairs ar: then fed into ten analog multi-
pliers. An on-line computer samples the output waveform of each
multiplier five times per second and digitally filters the data to esti
mate the complex correlation of the signals averaged over any desired
time interval. The computer alsc sets the delays, monitors various
equipment, and controls the data recording and operator displays. In
addition, it can be used off-line :» p=rform the Fourier transforma-
tion or similar processing required to derive a map of a radio source.
The sensitivity with the tunnel dizde preamplifiers gives a signal-to-
noise ratio of 5 to 1 for a point scurce of flux density 4 X107 W
-m~? Hz!; this assumes a system noise temperature of 1000 K, an
tenna aperture efficiency of 30 percent, and an observing time of
Qh. An increase in sensitivity by 2 factor of 10 will be obtained by
1e use of uncooled degenerate parametric amplifiers.

INTROD/I CTION

Y 1962 the techniques fer constructing interferometers

with fan bheams narrov.er than a minute of arc had

been demonstrated, for example by Swarup, Thomp-
son, and Bracewell [1] and “he method of earth-rotation
synthesis using fan beams had already been demonstrated by
Christiansen and Warburton 2] and analyzed theoretically
by Bracewdl! [3]. In addition, -he notion of supersynthesis, a
combination of movable antcanas and earth rotation had
been introduced by Ryle [4]. so the time was ripe for the
design of new radio telescope systems. Some details of the
projects originating about that time are given in Table T.

The high frequency of 10 690 MHz (approximately 2.8
cm) was chosen for the Stanford project, in spite of difficultics
that would have to be faced with mechanical precision, be-
cause it would be specially stited to studies of the plancts,
sun, and moon and because, ir the case of galactic and extra-
galactic objects, it would Le complementary to the lower fre-
quencies of the instruments being contemplated elzewhere,

The concept of minimum redundancy, which was in the
air at the time, was al<o incorpr cated, leading to an east—west
array of five 18.3-m diam cquatorially mounted paraboloids
situated at the locations indicated by the numbers as follows,
cast heing on the right,

o - -7 - - - 3 2 1

Tt will he seen that all interelement spacings from one through
nine units are present and that unit spacing oceurs twice, The
basic design parameters, which were frozen by 1965, were de-
aeribed at the 15th General Assembly of the International
Seientiic Radio Union in Munich in 1966 [5] and are given in
Table 11, The peneral appearance of the array s shown in
1 4«

PriNcIPLE oF OPERATION

The signals from cach antenna pair are correlated in the
control room by a combination of analog and digital tech-
niques to yield measurements proportional to complex vizibil-
ity [6] after regular averaging intervals that may be varied
but are typically 5 min. On the u—v plane [7], [8], which is the
domain related by two-dimensional Fourier transformation to
the source domain or “sky plane,” nine concentric elliptical
loci are traced out as time elapses [9] [f the complex visibility
were known everywhere in the u—v plane, Fourier transforma-
tion would yield the source distribution;! but because data are
available only within a central island on the u-v plane, the
resolution is limited in a way describable by the shape of the
main beam of the instrument Ard because within this island
only discrete loci are used, there is a further phenomenon of
ringlobes surrounding the main beam in the full instrumental
response pattern. The character of the main beamand ring-
lobes of east-west rotation-synthesis arrays has been studied
by Bracewell and Thompson [9] with the result for the radial
profile of the principal response pattern® shown in Fig. 2. The
main beam is seen to be accompanied by oscillations which,
if we take the squared amplitude, become the fringes that are
customary in the intensity diffraction pattern of a circular
(or elliptical) aperture. The first two of the series of ringlobes
are also shown, Naturally the sidelobes may be reduced to any
desired extent by data processing equivalent to the practice of
aperture tapering, at the expense of a corresponding reduction
in resolving power. The antenna pattern of a single clement,
which is also shown in this figure, acts to reduce the ringlobe
response,

MECHANICAL SYSTEM

Each reflector comprises an octagonal steel hub and 56
identical 63-kg aluminum panels, which are made of welded
and riveted tube 3.2 cm in diameter and a 1.5-mm reflecting
skin. To minimize the amount of material, and hence the cost,
the skin was made an integral load-bearing member; this
design choice requires accurate and rigid structural work. A
heavy optically aligned jig was built to impose the correct
double curvature on the skin and fix its gpatial relationship
to the three points of attachment of the panel to the hub. The
skin was formed by bending two 3.66 by 1.22-m sheets with
permanent matt-white baked finizh, the largest standard size
available, over the jig. The sheets were not sheared to pie
shapes but used as delivered; what would otherwise have been
excess material was formed into flanges for rigidity and to

Manuscript received March 9, 1973, Financial support was provided
by the Air Foree Oflice of Scientific Rescarch under Contraets AF49)635)-
1375 and FA620-048-C-0028 and by National Scicnee Foundation ualder
Grants GP-48141, GP-7906, GP-8779, GP-9148, and GP-13696 followed
by a Grant GP-31382. Preparation and publication of this paper was
assisted by the Stanford  Joint Serviees Electronics Prograom under
Contract NODO1I4-67-A-0112-00 14,
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Stanford, Culif, 943035,

R. 8. Colvin iz with the Uthe Technology International, Sunnyvale,
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AL R. Thompson is with the Nationad Radio Astronomy Observatory,
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L Corrections 1nay teed to e anplicd for asymmetry of an antenng
pair and for the nonzero extent of the anteunas sinee it is the comples
degree of eoherence of the leld, rather than the comples visibility
recotded by the appairates, which is strictly the Fourier taansform of the
hrightness distribution (0]

T The prinvipal resparse pattern is only one of @ ringe of possible
- Lzt iy be svothesized 9],
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eliminate gusset plates or connectors at the junctions of the
tubes with the skin, Completed panels were cantilevered from
their three support points and surveyed by automatic level
and self-erecting leveling rods bearing fine scales and resting
on conical points. Destruction and deflection tests were carried
out by loading with sandbags; the joint design is thus known
to be capable of withstanding a wind over 110 km/h blowing
normally on the skin. (The rest of the structure was designed
for 160 km/h allowing for the known wind loads on solid
paraboloids variously oriented, A wind of 110 kni/h at a
height of 10 m is expected at the site once in 40 vears.) The
rms surface accuracy of the assembled reflectors alter erection
is approximately 2 mim, as determined with a theodolite on a
built-in mount near the vertex; small target holes were drilled
in identical known locations for this purpose while each panel
was under construction on the jig.

.+ The feed support is an octopod based on the octagonal

stecl hub to obtain more rigid support than would be available
for the feet of a widely spread tripod or quadrupod. The
octopod enables the legs to converge in the focal plane instead
of beyond it and together with the low focal ratio (0.3) it leads
to a short, light, and rigid feed support A front-end box and a
feed-rotator box are supported at the focus and may bhe
reached for servicing by pointing the antenna to the south
horizon. A 4.57-m diam declination wheel is attached to the
hub and is driven by a 3-strand chain of 44.45-mm pitch that
is held under pretension by compressed elastomers at each
end A conventional pinion-driven gear was considered but it
was found to be about five times more costly. The declination
wheels were assembled identically on a special jig that con-
trolled the interrelationship of the declination bearings and
the surface of the circular chainway. The welding was done in
conjunction with theodolite observations from concrete
mounts, The weight of the reflector and structure that moves
with it is 9500 kg. _

" Attachment of the 56 identical aluminum panels to the
welded steel hub had to cope with welding distortion of 5 to 10
mm. NMachining of the weldment was considered but as it is
approximately 4 m in diam and 2 m high heavy costs would

"have been incurred. They were circumvented by attaining the

circular symmetry which, on smaller picces, would most
naturally be achieved on a lathe. The hub was fabricated on
top of a rotating platform; then the panel connectors, which
are the only parts demanding circularly symmetrical place-
ment, were welded to the hub while being held rigidly in a jig
fixed to the ground. The connecting devices are steel sleeves
into which the three tubular panel members were plugged.
After welding, the platform was rotated 1/56 of a turn and the
operation was repeated. Each panel was then plugged in and
adjusted with the aid of the theodolite mount near the
vertex of the paraboloid. Tubular members interconnecting
the parels were welded into place from a fixed platform with
grood use again being made of the rotating platform. Frequent
theodolite monitoring controlled the sequence of operations
and showed that the final adjustments and measurements
must be carried out at night because, before the final struc-
tural honds are made, thermal distortion due to sunlight ex-
ceeds the t-mm tolerance desired,

The declination axis is off<et by 2.02 m from the hub axis
with the result that the lower rim of the reflector is near the

ba

ground both when the antenna is in its stowed positics
(pointing to the north pole) and when it is pointing to ==
south horizon at its other limit of travel, This feature aveic: |
having to raise the pedestal on 2-m columns, which wou's |
more than double the amount of steel in the areadyv heav |
pedestal, and simplifies every operation in which height is =
consideration,

A steel yoke supports the reflector on roller bearinc:.
carries the declination drive, and constitutes an hour-anz’s
wheel 9.14 m in diameter around which a 6-strand chain <
38.1-mm pitch wraps. It weighs 17 000 kg including a 9000-k:¢
counterweight, and is in turn supported by a pedestal =0 as =:
be able to rotate about a polar axis. The pedestal weighs 4977
kg and is attached to a reinforced concrete foundation co--
sisting of three beams connecting the fe:t of the pedestal an.=
three columns that descend between 3 and 4 m to firm grave:
Each pedestal has a built-in theodolit : mount from whict
targets may be sighted in correspond.ng positions on ths
other pedestals and can also sight targets inside the polar axle
and in the ends of the declination axle. An assembly drawiz:
showing a view of a single antenna fror the north is given iz
Fig. 3. Speeds and other details of the two drive systems are
summarized in Fig. 4. '

Hour angle and declination are indicated in the contrc!
room on mechanical counters driven by means of svnchres
with 18-tooth pinions engaging a fine-nitch (3.33 mm) rack
rigidly attached to each chain-driven wheel. The surfacss
against which the racks are mounted wers built up with eposy
resin and then ground to a predetermined radius after the
structures were crected by driving the »atenna past grindin
wheels fixed to the yoke or pedestal. Counterweights were no:
included in the original design because the drive motors he?
to be able to cope with wind loads much larger than the dez2
weight. For example, the wind load at 8¢ km/h normal to th=
reflector is 1.5 times the weight of the ref xctor, The yoke was=.
however, partially counterweighted with 9000 kg at a lzi=
stage to compenate for low gear-reducer elficiencies that wouls
be encountered should sudden winds reqaire the antenna
be slewed to stow from a cold start. The stow position, with the
antennas pointing to the north pole, brings hard poinws of
the steel hub of the reflector into close uxtaposition with the
pedestal. The stow locks latch automatically as the antennas
drive north on the meridian, forcing the hub down on ela=-
tomers on the pedestal.

Expenditure during construction was 2 137 000 dollazs
made up of sarlaries 793 000 dollars, overhcad and
benefits 515 000 dollars, equipment, materials, services,
supplics 538 000 dollars, computing 4% 000 dollars, other
245 000 dollars, Other programs were cenducted at the ~am:
time; the cost of the array itsell is estimated at 1 900 022
dollars.

All the mechanical and structural wor was done on ths
site by the personnel of the Stanford Radio Astronomy In-t
tute [10]. Photographs, drawings, and other details of the
construction have been presented elsewehre [11] Mechanics:
drawings and over 100 technical reports may be consulted a:
Stanford, and an index to the reports is available en request.
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THE RECEIVING SysTEM
A block diagram of the electronic receiving and date
processing system is shown in Fig. 5. To follow the diagras
note that the horizontal dashed lines separate the front-end

Ty




NS

37. Proc. IE

box which is mounted near the focus, the ground hox at the
base of the antenna, the delay room, and the control room.
The components in the front end and ground boxes are shown
for one antenna only.

35775 p. 133, 3

Front End

The signal is received at a linearly polarized feed horn,
remotely rotatable to any desired angle of polarization, at the
focus of each paraboloid. Modulated noise is added to the
signal to permit measurement of the overall gain and then, in
the normal mode of operation, it is directly connected to a
tunnel-diode amplifier. Analternative mode can be selected by
the waveguide switch so that the signal and a matched load at

ambient temperatures are connected alternately to the :

amplifier at 35 Hz b;- a Dicke switch. This makes possible
total-power measurements with a single antenna for calibra-
tion of pointing, aperture efficiency, ete. The amplifiers,
which were obtained in the years 1967-1968, have a noisc
temperature of 900 K and were intended to provide a test
system to be replaced by degencrate parametric amplifiers
with noise temperatures around 90 K. Both sidebands of the
amplifier signal arc converted by a mixer to a band which ex-
tends from 10 to 70 Mz, and after further amplification the
IF band is transmitted underground to the thermally stable

delay room through a pressurized semi-air-spaced cable (1.27-
cm Sprioline). The double-sideband system is appropriate for ’

the futurc addition of degencrate parametric amplifiers and
has the advantage that phase changes in"the 1F cables do not
affect the phase of the multiplier output waveforms,

Synchronized Local Oscillator

The 10.690-GHz local oscillator at each antenna is a Gunn-
diode unit phase locked to the 10.693-GHz fourth harmonic
of a signal at 2673.25 MHz coming from a 0.5-\W crystal-
controlled oscillator in the control room. A 3.0-MHz reference
signal is also distributed to each antenna for comparison with
the difference frequency between the local oscillator and the
fourth harmonic. The 2673.25-MHz transmission line is a
pressurized 2.22-cm diam semi-air-spaced cable which is
buried between the control room and the base of each antenna,
and, on the exposed run from the ground to the focus, is
covered by a sponge-rubber thermally insulating tube encased
in an aluminum outer pipe.

Phase Moniloring

Thermal changes in the electrical lengths of the cables can
be monitored using the system on the right-hand side of Fig.
5. A small modulated component of the 2673.25-MHz ref-
erence signal is reflected back down the line by a diode switch
located in the front-end box and driven by a 400-Hz square
wave. The reflected signal comes out of the lower port of the
circulator where it is then mixed in a dectector with a sample
of the outgoing signal, the phase of which can be varied by a
calibrated phase shifter. The switch-frequency waveform
from the detector output is amplified, synehronously detected,
and displayed on a meter. When the phase shilter is set for
zero output on the meter, the phase of the reference sample is
in quadrature with the reflected component, and the setting
of the phase shifter thus gives a measure of any variation in
the round-trip path out to the reflector and back. A small
component of the outgoing signal can also reach the detector
throngh the reverse path in the circulator and could cause an
error in the indicated phase. This component is canceled by

adjustment of the tuner; before a phase measurement i« made.
the modulating square wave is switched to the diode switch
at the lower port of the circulator, the connection between the
phase shifter and the hybrid is opened, and the tuner is set for
minimum reading of the phase detector output. Use of the
phase-monitoring system does not disturb observations in
progress and provides an accuracy equivalent to 3° of pha-e
at the local-oscillator frequency. It has been found that line
lengths vary only slowly in time, the total change in 10 h
rarcly exceeding 15° The method was introduced by Swarup
and Yang [12] for the Stanford microwave spectroheliograph.

Wide-Band Variable Delays

Because of the wide bandwidth, compensation has to be
made for the fact that the antennas are at different distances
from the source under study; otherwise there would be a loss
in sensitivity from reduced correlation of the signals received
from different antennas. Variable delay units equalize the
time delays in the five signal paths from the source to the
multipliers to within about 1 ns, which is 1/20 of the reciporcal
I¥ bandwidth. A fixed delay is used for the antenna at posi-
tion number seven, the nearest one to the center of the array,
and an on-linc computer controls the other four delays as a
source is tracked across the sky. Each delay unit has 512 dif-
ferent possible delays obtained by switching in lengths of
1.27-cm semi-air-space deable. Each leigth, when switched
out, is replaced by a short piece of high-loss cable of equal
attenuation. The cable lengths in each unit are proportional
to the spacing of the corresponding antenna from number
seven. All units are switched simultaneously by a reed-relay
system designed by Little.

IF Amplifiers

The 1F amplifiers in the control room provide 43 dB of
gain to compesnate for losses in the delay units and 1F trans-
mission cables and their frequency response is adjusted to
compensate partially for the difference in cable attenuation
across the passband. Automatic level-control loops in the
IF amplifiers hold their output levels constant, compensating
for small attenuation changes which may occur when delay
cables are switched. The overall gain of any of the five receiv-
ing channels may be measured at any time by switching a
small portion of the IF amplifier output into a gain-monitoring
receiver which measures the strength of the modulated noisze
injected at each front end; this is accomplished by a synchro-
ncus detector driven in phase with the modulation. Finally,
each 1T amplifier output is divided four ways, providing 20
inputs controlled at 20 mV rms for the ten analog multipliers.

Wide-Range Multipliers

In cach of the multiplier units the multiplying element
consists of two transistors with a common emitter resistor:
the basic circuit, which has been described by Frater [13],
wis proposed for our use by Aitchison. In this application
transistors were found to provide a higher dynamic range
than diodes, an important consideration for observation of a
streag source, such as the sun, for which a large fraction of
the woise at the multiplier inputs is correlated. Within cach
multiplier unit one input =ignal is phase switched and the
voltage from the multiplying transistors is amplified at the
switching frequency and synchronously detected, The multi-
plier outputs are sampled by an analog multiplexer which is
switched from one output to the next at a rate of 30 Iz, A
resistance—capactiance flter at the output of cach multiplier
limits the noise bandwidth to about 2 1z and samples are

[
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then taken at 5 Hz. The signals at this point are quasi-
sinusoidal “fringes”™ with a minimum period of 1.87438 s,
which is reached where the declination 8 and hour angle /i
are both zero and then n is 9 units. In general, the nominal
fringe period is 1.87438 (9/n) wec 6 sec h. A voltage-to-fre-
quency converter and counter provide analog-to-digital con-
version of the sampled voltages, which are then fed into the

computer. The output of any one of the multiplicrs can also be.

displayed on a chart recorder for monitoring purposes.

THE Ox-LINE CoMPUTER

The computer is a Hewlett Packard Model 21148, which
is a 16-b machine with 8192 words of memory and a 2.0-us
cycle time. It performs four main tasks in on-line operation:
gontrol of the data sampling and reduction of the multiplier
putputs to estimates of complex vixibility; recording and dis-
play of the visibility data and system parameters; computa-
tion and display in real time of the desired antenna positions,
taking into account calibrated pointing errors; and control of
the delay lines, The first of these is the most complex, and will
be discussed in more detail in what follows, The operator in-
teracts with the system through a cathode-ray tube (CRT)
terminal,
without interrupting any ongoing data sampling. Other inputs
to the computer include a digital sidereal clock and a multi-
channel scanner, the latter being used to moniter various
equipment parameters. Mass storage is provided by a cassetie-
type magnetic tape unit with three transports. Final data
reduction can be performed off line on the same computer or at
the Stanford Computation Center to which data can be
transmitted via telephone lines.

It can be shown that the output signal s(f) from cach
multiplier, after low-pass filtering to a bandwidth much less
than the IF bandwidth, may be expressed as

sl) = Vg cos (ZeD/N) 4+ Visin 2eDIN) + u() (1)

where Ve and 1 are the real and imaginary parts, respec-
tively, of the quantity, proportional to complex visibility,
measured by the corresponding antenna pair; #(f) is a zero-
mean Gaussian noise process; and D is the path difference for
a reference direction 7 given by

=1L+ p(r) — p(0). (2)

Here r is a unit vector, L is the spacing between two corre-
sponding earth-fised reference points at the two antennas,
and 2rpi/N and 2wpy/N
the fields at each reference point due to waves coming from
the direction r and the signals at the terminals of the corre-
sponding antenna. T the relerence paints are chosen care-
fully, g and ps will vary onlv slowly with r (further discussion
of this ix given in a later section). Rotation of the carth
causes 1 (and consequently /2) to vary with time in such a
way that s() may be described as quasisinusoidal with slowly
changing frequency. Samples of s{¢) for each multiplicr are
digitized and read into the computer every A=0.2 s, The
computer estimates Vy and 1 from a fnite sequence of
M1 samples, s(fa), + « +, s(tu), ti=le-+1A. I Uix casy to show
that if D(1y) /A= D{t,)/N is aninteger (the samples span an
integral number of “eyeles" of 5(1)), then the minimum mean-

senzre error fmmee) pelimates are

are the phase differences between

from which he can enter data and can command

|

|
“ M b
Vi = 'M_—_’_—l g s(1) cos [erD(!,-)/k]

Vi

E":i‘——l § s(t)) sin [Z‘JTD(!;)/R]. (3)

If a nonintegral number of cycles is spanned, the mmse esti-
mates are more complicated, and they have a somewhat
larger variance per sample [14]. The variance increases
rapidly if less than one cycle is spanned so the present on-line
program ensures that the condition 4

W g tof D(a)/N — D(to)/\ = integer

is satisfied; but otherwise 17 may be freely selected by the ob-
server. The choice of A/, or equivalently the “integrating
period” AMA, is also governed by sampling considerations in
the u—v plane; for a source whose diameter equals the ringlobe
radius of 4.2, the most widely spaced antenna pair samples an
independent point in the Uv-plane every 25 min, ;

The program evaluates the sine and cosine of 2rD(1,)/ A\ in
real time, accumulating the sums in (3) separately for cach
multiplier. Stored information on L for each antenna pair and
p(r) for cach antenna is used; the reference direction r is
computed from the right ascension and declination of date {or
the center of the source (as entered by the operator) and from
the current reading of the siderecal clock.® In addition, the
quantities

M M

o s(t) and > s2(1)

i=0 i=0

are accumulated as a basis for monitoring the dc drift of the
multipliers and the system noise, respectively. With ten
multipliers, the processing of each sample must be completed
in at most A/10=120 ms. Careful programming was required
to achieve this, since hardware multiply and divide instruc-
tions were not available. At present, about 65 percent of the
available time is used. The computer's priority interrupt sys-
tem is used to control the sampling, so that all of this process-
ing normally takes place in the “background,” while in the
“floreground " other tasks are performed,
35 percent of the machine's time. These tasks include record-
ing and displaying the data from the preceding integrating
period; computing the current desired antenna position =et-
tings and displaying them to the operator; monitoring the
states of various equipment, and issuing warning messages in
case of difficulty; accepting commands and data from the
operator; and calibration of the previous integration, using

using the remaining

data from an earlier observation of a calibration source, and
recording and displaying the results. 1t is expected that addi-
tional capabilities will be added, including plotting of the vne-
dimensional brightness distribution estimated from calibrated
data taken in the last integrating period.

The estimation of the two-dimensional hrightness distribu-
tion from a 10-h observation must he performed off line be-
cause of the computer’s limited memory. Programs are avail-
able for the 211418 to apply more precise corrections to the
visibility data than is possible in the on-line program, taking

1 Local sidereal time at one el of the aceay differs from that at the
other end by .56 s, which can be o nonnegligible foetion of o fringe
pertod (mintmom vadue 187 s), but this has no eifect on the estimated
phase provided ¥and all the Loare referred to the same coordinate frane
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into account the effects of atmo=pheric refraction, small errors

: in the sidereal clock’s setting, cte.; to calibrate the visibility

data using any available calibration source observations; to

average the data in various ways; to plot estimates of the

-/ one-dimensional integrated brightness distribution; and to

" compute the two-dimensional brightness distribution by tak-

ing the direct Fourier transform. If a 5-min integrating time

is used, about 1 h is required to complete all of the processing
needed to compute the two-dimensional map.

4

CALIBRATION AND OBSERVATION PROCEDURES
Pointing LErrors

Changing gravitational loads, as an antenna drives across
the sky from boundary to boundary, results in movement of
the beam through calibratable angles which, at extremes, may
be 30’ greater than the drive wheel rotations which the read-
out system displays.

An observing technique which allows rapid precise mea-
surement of the pointing errors has been developed. It in-
volves tracking an unresolved source with the entire array
pointed sequentially at four positions surrounding an ini-
tial guess at the correct pointing. All ten magnitudes
(V24 V;)Y2 are then recorded, and from the resulting 40
numbers‘it is possible to determine (with some redundancy)
the five two-dimensional pointing errors. This is done by
noting that ’

v/

Ay = const X [g(6)g(6)]"?

. where A;; is the visibility magnitude for the channel involving
antennas 7 aund j; 6;, 8; are the magnitudes of corresponding
pointing errors; and g(+) is the power pattern of an individual
antenna (assumed known). After writing this set of equations
for cach of the four observing positions and taking ratios to
eliminate the unknown constants, one obtains a nonlinear
system which can easily be solved for each g(f;) and then for
cach @; provied g(+) is known. '
1t is believed that most of the pointing error occurs in the
mount structure rather than in the paraboloid or feed support
With the result that, considering the lack of simple sym-
metries with respect to the local vertical, the pointing error
for cach antenna is a complicated function of direction in the
sky. In order to allow real-time prediction of the desired
pointing, the following formulas for Ak (indicated minus true
hour angle) and Ad (indicated minus true declination), which
are based on structural analysis, were fitted to observational
data obtained at numerous declinations,

Al = ay 4+ ash + azsin it + aycos h -+ az sin l sec x
4 agsinrtané -} aycoshitané 4 agtand

AS = ag + aywd + ey sin b+ ayacost + a1Q + a1:Q sec x

where 6§ is the declination, & i the hour angle, ¥ is the zenith
distance, b is the latitude, Q==xin b sec 6—cos x tan é, and the
a; arc cocllicients determined by a least mean-squares fit.

The coefficients are determined separately for each an-
tenna, and are kept in the core memory of the computer during
observations. These expressions maintain the residual point-
ing errors well within a small fraction of the 7° heamwidth as
shown in Fig. 6. Analysiz of such data for a wide range of

ol
{2

declinations reveals that systematic errors have been held to”
1’ in the worst part of the sky and that random errors have
anrms value of 0.5’ (or less, as much of the scatter such as that
seen in Fig. 6 could be reduced by repeated observation).
Although we regard these as negligible errors for most pur-
. poses, they will be reducible even further by refinement of the
preceding formulas as we accumulate additional data, a
virtue shared with all interferometers having fixed elements.
A small pointing error @ reduces the single-element gain by
about exp (—af?), which for 6=1" equals 0.94 (in our case
where a=0.057). A random error with standard devia-
tion o can be shown to reduce the mean signal by a factor
(1-420%a)~V2, which equals 0.99 for & =0.5". This pointing ac-

14;:/ curacy shoud allow operation with the even narrower single-

(A}

element beamwidth such as would result at a shorter wave-
length of, say, 1 cm. ’

Focusing

The feed horn of each antenna is fixed at an optimum
fucus position that was determined by observing the response
to a calibration source and using a remotely controlled focuser
which was mounted on cach antenna in turn.

Phase Calibration

The phase of the estimated complex quantity V4T
depends, in accordance with (3), on knowledge of the path
difference D. To know D it is necessary to know the relative
positions of the reference points fixed with respect to the an-
teuna pedestals, dimensional discrepancies between the two
antenna structures such as differences in the distance between
the declination and polar axes, and misalignments such as the
polar axis not being parallel to the earth's axis. Great care
vras taken in the construction to make the five antennas as
identical as possible and to harmonize the design with survey-
ing requirements. Consequently, all the imperfections are
small. Their effects have been analyzed for equatorial mounts
such as ours by Wade [15], and the combined effect may be
cetermined by radio source observations and may be ex-
pressed in terms of a set of phase parameters from which
the path difference D, or phase function D/X, may be eval-

vated in real time. As the antennas are permanent objects in

permanent locations the parameters may be progressively re-
fified by means of observations of known sources o that the
on-line path difference is now accurate to 0.05 wavelengths
cver the whole sky. Even more precise corrections are possible
with ofl-line computations for special cases.

" Because the paraboloid axis does not interseet the declina-
tion axis, a path difference is introduced of 0.02 wavelengths
per minute of arc differential setting error in declination. Th?
antennas can casily be set to thix accuracy. The phase shiftin
the distribution system of the local-oscillator reference signal
is casily held constant to 0.01 eycles using the modulated-
reflector  phasc-monitoring  system  previously  described,
tLereby reducing the frequency with which calibration sources
need be observed.

Observing Procedure

During the course of an observing session, one or more
short measurements are made on calibration sources (unre-
solved sources at known positions, preferably with known
flux densities) and these measurements are automatically ap-
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indicate brightness temperatures in the range 10° to 10* 18 at
2.8 cm and angular widths from 8" to 25" in agreement with
the dimensions of associated sunspot umbras. A program of
observations of Jupiter has begun with a view to studying the
radiation belt and its time changes.

In addition to its performance in mapping, the array hasa
very useful capacity for observations of faint unresolved
sources such as quasars, stars, and N-ray sources. It has also
been used by D'Addario and Stull [19] to follow the decrease
in the flux density of Cygnus X-3 from a value of 1,86 X 107%¢
W-m~? Hz™! when first observed after its outburst in Sep-
tember 1972, down to below a level of 0.2X107% \V.m™?
Hz~'. The array is clearly well suited to monitoring variations
in sources with flux densities of ~1072% \WW.m~? Hz™!, and
since the addition of parametric amplifiers would increase the
sensitivity by an order of magnitude, it is potentially a very
useful instrument for variable-source studies. Addition of
other wavelengths in the range 1 to 10 em will allow analysis
of Faraday rotation in different parts of extended sources and
may lead to critical tests of models for extragalactic and
galactic variable sources

APPENDIX
LEss THAN TWELVE-HoUR TRACKING

The hour angle notion of the existing structure is limited
to + I]1, and in addition, for southern declinations, the motion
is further limited by the horizon, so we are led to consider the
effect of missing sectors o the u—t plane. The effect is ex-
pressible in terms of a correction pattern p.(x, ¥) to be sub-
tracted from the pattern zhown in Fig. 2. It is easy to com-
pute numerically for @nj, given circumstances but an ap-
proximate analyvtic expression can also be given. Let the miss-
ing sectors on the u—¢ plzne have a semivertical angle . Then
replacing each missing arc by a straight line segment through
the centroid of the are, and retransforming, we obtain :

9
pe(x, y) = (907)=1 3 4nf sinc (2n0x) cos (2wnny)

n=1

where g = (sin0),/0. For 10-h tracking (f =x/12) this expression
accurately indicates the correction pattern, Its central value
is then 1/6 of that of the 12-h pattern.
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4 The term signal-to-noise raiio is commonly applicd te the quasi-
sinusoidal output of o multiplying interferometer to mean SZAS, where
"_l'rin;:u- :n;nplitndr-" Sisexpressible in terms of the computable quantities
Veand Vpby S= (V4 U= 1] and AS is the rms multiplier output
averaged Tor tinge 1 in the absence of signal, 10 can be shown that, when

S/ASD1, Av/| V] =+/2 ASS,
’ s

el
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plicd by the computer to determine the absolute phase and
gain of cach of the ten interferometer channels. Subsequent
variations can be monitored using the modulated reflector
and modulated noise source systems shown in Fig. 3. The on-
line program can, at the option of the operator, apply corree-
tions for the measured variations, apply the calibrator data,
and display the results. Thus we have fully calibrated data
available immediately at the end of an observing session. In
addition, we record the uncorrected data in case the observer
wishes to apply other corrections in the off-line processing.

SENSITIVITY

Consider the output sinusoid from any one multiplier
when the array is observing a point source of flux den=ity F.
After an integrating time 7 the estimated quantity V= Tp

+7Vr has a standard deviation AV = (I I"--(F}]")‘”, due to .

receiver nois(;:givcn by

7o / AV 2%kT.,
\ | V|~ AF(Br)\2

Here ! is Boltzmann's constant, B is the effective bandwidth,
and Ty, and A are the system noise temperature and the
antenna collecting area, which are assumed to be the same for
each antenna. Discussions of the signal and noise levels in a
multiplying radiometer from which the above formula may be
derived are given by Tiuri (see [16], [17]). If N antenna pairs
are available simultaneously, the sensitivity is increased by a
factor 4/ since for a point source in the reference direction
the visibility is the same for all antenna pairs whereas the
errors are independent. If we follow the convention that the
minimum observable flux density Fuin corresponds to a
signal-to-noise ratio* of 5

5/2T4y. T

finin =

For the present array T..=10® K, B=60 MHz, r=10 h,

, f,-Nw 10, and A4 =79 m? (aperture efficiency =30 percent) and

\j}’ we obtain £, =0.03 X103 W.m™* Hz"'. For an extended

 source an approximate indication of the minimum strength
for useful mapping is obtained by requiring a flux density
Fuin from each area of the source that subtends a solid angle
cqual to that of the synthesized beam.

FIiELDS o ArpPLICATION

From the above figures we estimate that there are about
30 extragalactic sources with measurable structures which can
be investigated with the original tunncl-diode amplifiers.
Many of these have been mapped at longer wavelengths and
interesting studices of the variation of the spectral index should
be pos=ible.

The short operating wavelength of the array is al<o par-
ticularly well suited to observations of thermal sources and a
program to search for compact components in over 200 H 11
regions was completed in the summer of 1972 by Felli, Tofani,
and D'Addario [20]. The observations were made near
meridian transit, providing one-dimensional strip-integrated
profiles in only 5 to 10 min of observing time per source.
Mapping of galactic and extragalactic sources is continuing,
as are observations of the structure of active solar regions.
Preliminary solar studies by Grebenkemper and Rust |18]
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TABLE 1 'y &
CENTIMETER-WAVELENGTH EARTH ROTATION SYNTHESIS ARRAYS ’
Elements Element Maximal Imaging
Location i oF - — Diamcter  Spacing Spacing Beam Time* lobe
(MHz) (total movable) (m) (m) (m) width (h) Radius
Stanford, Calif. 10690 5 3 0 18 23 206 19" 10 4’
Cambridge, England 5000 8 4 13 40 4560 2" 192 5
.Green Bank 2695 3 2 26 100 and 300 2700 8" 108 48"
W. Va. [21] 8085 3" 1
Big Pine, Calif. 1420 3 3 27and 40  30.5 1080 7 24’
Fleurs, 1415 68 0 5.7and  12.2 800 40" 12 1°
Australia [22, 23] 13.6
Westerbork, 610 12 2 25 144 1600 56" 12 23" 83’
S N 1415 24" 10’ 36
iThe Netherlands 4] 4995 : 68" 28 1"
Cambridge, 408 3 1 18 12 . 1550 80" 7688 None 3
England [4], [25] 1407 . 23" 1?
® Excluding time taken to move antennas
TABLE I /
Basic PARAMETERS
Latitude® . -+37°23'55.0"
Longitude® -+8h 08m 45.44s
Elevation 70 m (2
Wavelength in vacuo ' 2.80441 cm S
Frequency 10,690 NMHz
iF band 10-70 M Hz
Reflector diameter 18.3m
Element spacing ’ 22.860 m(=815.146 1)
Extreme spacing 205.740 m (=7336})
East-west width of fan beam to half peak® 16.1"
East-west width of synthesized beam® 18.8"
Beamwidth of single reflector !
East-west ringlobe radius® 4.2
Declination axis to polar axis 2.5908 m
Declination axis to paraboloid axis 2.02 m
Declination wheel readout radius 2.0864 m -
Hour wheel readout radius 4,633 m
® The position given is the intersection of the meridian through the E
USCGS bench mark RATEL and the parallel, 13.1 m north of the bench
mark, passing through the theodolite seats built into the pedestals. The I
midpoint of the array is 17.2 m west. The observatory location quoted in i
the American Ephemeris is the center of the adjacent microwave spectro- £
heliograph cross array. ‘ i
b North-south values arc larger by the cosecant of the declination. '
t
3
i
}
4
i
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Fig. 2. Radial profle of the principal response pattern (full cuxve)
and of the pattern of a single element (broken).

Fig. 3. Drawing of single antenna seen from the north,
'
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THE LCCAL OSCILIATOR EYSTHEM FOR T8E PIVE-ILESRENT ALRAY

A. R. Thorpzeon

A. Gsolge of tho Type of System

Thie rccelving systent for the Stanford five-olozeni array reguires
a synchronous locegl oseillalor sigeal 2t ecoch gatenna. The power levnl
roguired to drive the mizer is akout 1 nw &nd the frervensy iz 11.890
Giz. Three peessible loeal ogaillator schemer have been ceons dersd and

are:;

1. direet distriboiien eof Z-kand nower from a canirally locntsd
ogoilliator,

2. distribution of a suh&ar&cz%c ¢f the reguired ¥ebaed fre > Gueney
to drive a Zrequency multinlier st ezeh antenna,

3. distributicn of o subharmonie sigonal to which an T~band

osciliateor at <opch antenna can be phase logksd.

Iz considering the relative morits of thece thigs zehemes ssvoral

f_

general points ghould bo poted. Tie digignee from tho maln laborstoxy
to the individusl nntenran vevies botwem: 500 ££. and 503 £,
(epproximately €0 mctors end 180 metewxs). Cebles tranpnliti

or suthzmmonic gignale should be buriod in order to minimizs tomporaivra

variations and the xosuliing relative nhaoo chongea at thy antennes if

the cablo lengths srs not egunl. Iin opder o parilor vamiaticns ip thz
eifective electrical lengtha of tho enblog it is conveniont to vne ths

tochaliquo devolened by Swertp and Pang {Trons. Y.R.B., A? &, 73, 31961}

)

using & modulated veflsaeltor ot egeh antsonn., 20 menstze 4 effective

cuble lensihe %

a ."-x- £ T T v | and? " -
x sulfleicnt agouracy A0 of phose ot tho

ecclliatoyr froquengy corrasn

i1t is peeoespavy o ume £ vavelangth pot cngur than A0 o, opd for

this repsen it wonid o ocoronisnt wwith 2 B2 oxr 3 oto unz o osupe

Sk ]

Anyuoiiie Irecuency Aying within the S-bond ranie.

ey
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“\ . . - 2 .
. ) Yith ths first achene involving divect distributics of Twleng
pouwer a waveguiide type of Iransmisalon line would ke requived o nirovlle

o swificlently low atitenuaticn. VWith the ezt cosxial eable zt this

fa
©r
v
(o}
H
o
H.
%)
=]
"
(5]
e
o]
2
£
3
™
e
O
e
-k
e
o
[
i)
2

¥ e s - o
£requ3&e'-{1/2 Spivoiine), the

200 2t., wheweass with wavezulde the aticnuntion is apnrozimataly 2 4o

per 100 £t. The sgtandord (I-bond wavegulide is expunsive and svallahlo

enly in ghort iengths end the jolnts would Laove to he sealad azninas

iolsiure before Lurying. Cirealar alusinum tube ie loss sumensive hut

-

teats chow thai {he rotation of the fiold patiers in loag mins boorss

& problen at thes trangitions. v 18 eloo necosaary 0 provide sone kiasg

of protectlon oy the zluminugm befdre burying it. Llso, st I-bargd,

reflacetionz in vovaguide to acarial transitions, connoctors pad sotallne

Joints which would be necemonry to transit the pover ud tha rofenns to

tho box at the fsed are vusually core severe than ot loner Tvecunsnoiog.
In the seeond schiome digiribution of 3hé fourth sublorzonic ai

. ¢ & o ; P & A . BoE
2.67 Mz would be Peasiblo using ?/& Spiwokine cable fox which the

attenuation is 2.6 db par 100 £4. at that fresuzney.

available in Leugths gufficient to syold aay jolats in

povtions. Xt ip slesu avellable with u proisotive 2oatins suitshle fun
dlrect burying. Freagusacy multiplicrs with S-band iuoud gnd Febond cont-

Pt typleslly have eificicneics of pwsud 108 with 200 mw of

A 10 watt ozeillator at the ccontre) loaation would ba
thig level pt engh ontenig. Hoves

1

vusunlly Zplls

7 owith doereapiny loput covsy 5o thob

io the iupud of thoe muliiplicr Tend {0 % nazified in

Hultipliers nalng qiop zocoveny dilodas

- e | S T o A S - - 1 S -
3 eh DY avolided sines e udhinsa

diffaronee baltwoen the oulput fregucucy aad L12 corvressondiay holoouic

of tho iapus froguongy onn vasy with

el T Pmey deBad ard gamPaes e e Jam . T s T PRI P IS
e Lha thizd schoiis aodny Rz phgse logked esgillaloD:

The advantag

are that lesz than 1 sy of

that thy Zeband ogeiillaior

i maoang nY g
lovel whlch 1s a0t depondent vmon the 8-D Ly P
more, the H-Lmtd Yowval can bo neevreuely coanynlied usine g oarmond
roklad atitonusior vhseh i nlanccd 28 hoaaonlo o o the

i“\ aont:
phase lcok loon ifutrodiacos nd psgncliod

variction,

T SILTY U ST HPREE
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Breause of the oaso of traneriszion of tho O-Langd Signal eomarad
with the Z-band signaal, ard the 1o iovel reciirad by the

T hes Decn chegea fov wse with the a Tay.,  Iaooddition

the tiirvd scr
7 g o L -’ = -

approxdrately 1,000 ££. of 7/8” Spiroline cablo ond 3 N-“und nolid

state ogeiligtor (Fairchild 1118V} are avalioble from earlien wrojucts

for waich they urze nmo lonmgoer required. The lew levei of power reguirad
by tha phpse loth echeme has tho gdventagme &hat if any additioanl
ententas ere requived to give loagex spicings ik the futur taey aon

be incorporated into the cysten with ainipum diffienity,

B. Poslpn of the Phase Losh Syeisn

The basic ylhoee lock cixenit which is reguired nt cach pitczng ig
shown in Fig. L. The fourth harwoaie of the &-band opeiliotor basis

with the oulpui of the E~kand osciliator in the homuonio nfmwv e

procuces a 3 inln signal whkich is aplified and then nopixau to g phoso
dotocior vhich 2ls0 receivos a 3 1M sipgupl fiom a reforenc: csellinto:
The suatput ef the pbase detceior gonty

opgiliatey Lo icck the phaze

the 3 HEs roferycass. In princ

the S-bavd aad Z-band slganls interast Ia & uhoso
directly 2 do ocutpat 1o corirel the I=band soeiling

however, tho g-bwmd and RA-hand slznaie ars only & olilie)

powor and furthor awplifioction would bo reguired
cenveniently acozanlished 2t an latermsdiata frogueney. This intore
rediate fregiency nuet iie ouisida the

syatar g0 a5 o oveld cauging intsvie

svar than YO Tha oholen of 3 low Sy

weioag eried eable

ths IF referonee signel, gincs oos degree of ponee at 2 iFo
EB o poath 1935&& 228 .

The H=dond opoillator nhagheney ig 2 pacond opder satvo
loop ¢f which the charaeterlaotics ars detoewminsd by the segighe 7 onnd
N2 and the crmacitor € shovn ¢ s gheone the valuee of thepe

LR

enponente wo Lollow tho tianiment by Oordner (Covdnnr, PO, 1006



.\.
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Glint No. 283-4
10/24/¢c8

Phase Locx Techalgues, Jehn Wiley £ Sons, New Vork, pp. 7-10).

Natural frecuency of loon = un = \»uuhw

T K E X"
Demping factor = § = -«§~ uﬂ;Aﬁa.i

1/

tl = Rik\-

Ta & R C

Ke = frequency deviation of the osclillstor being

controlled (X=-band oscillater) ner volt of
: : . =1 -1
conirol gsignal {vadians sce “volt ).

Kﬁ = ocutpui gignel from phase deteciny por radian of
- -1.
phase choage of the IF input glznal {volt radisa ~).

wn is chogen so that the looep does not drop out of ilcek in the preseace

of fast frequency changes in the X~band osecillator. We estimate that suc!

w

[

frequency changss rvestlting from mecharical vibration of the oscillator

might be a few ildsz ia & tims of a few milliseconds. A loop will drop out
i ) 3 2 .
cf lock for a xate of freguency change of 3wﬁlt = wn“ {Puase Loeox
o 5 2
Tachnligues, p. 35). ¥We therefore choose gz value of mn = L0 . 4n optimem

value ?5> the damping factor I is abouti 0.8 /Phase Lock Techrizues, p. T4).

. . 7 : -1 =L . )
Ko iz approximately 3 XK 1% pradisns sze volt o o L0 KHz ser volt for

the Frirchild ¥3 1L313F escillatox). Kﬂ ig approximately 0.5 woll pey vadien
1)

?

a wvalus vhich may be esitinated frowm the peak swplitude of the bast sigaal at

the outhut of the detector when the icop ls not locked. Using those valuos

- ~5
- 3 ]

v obiain T, o® 1.5 X 10 ges. and Tz = 1.8 X 1

oz the reslsiors amd copacltor are 1, = 103, H? = 1K, and € < Q.02 mf,

These appromximetely satisfy tie above design eriforia and have boen found

sce2. The ciosus values
o

b

to give satisgfacioxy op2ration. The opervational nsplifier used
(Foirchild ADO 27-B) has a gain-band with product of 1.5 Iz and “huz it

responsge does not offeet the logy chavacteristies.

®#Increase of R? yedicez phase Jitter {display Lissajous ligure nging 3 Wz

IF and wofarznesd bl too bhiglh a valuve rogults Lo s
with ccateol voltog
value.

urious locks, poriticularly

surd
o near zexs end of range. R, = 3.8K ip neary eptimun
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Tiac ecomplete phese lool cirenil ezeluding the oseliliascrs and the ‘

maracnic mixer ic oshowm in Yip. 2 this coutainsg a secowt phass

¢

detector o ilndicaie when the systom is in lcek, and a gwaep elrcuit
to search autonatically i the loelr is lost. Tre two rhase detsctors
are fod in the ssmo phasge from the I cuipnut sigmii and in phase

-

quadrature from the 3 Mz referencs signal whiech nassss shrough 457
rnaze lrg and phase load networks. The ouiputs of the two phase
detzciors are filtered to runuve radic froousney compononts and pppiizd
to the inpuls of two operaticnal awplifiers. The loop amplificr has
the same feedbach compeonent® pe shown in Fiz, 1 with ths values derivel
above. When the icop Ls looked the output of the loop phasa dstector

is neld neaxr sere volis, and the ouwinut of ihe loci~iandicator pbasse

detactor is o negative de voltsge for a low look {{-%Hand ocscillstor
frequency 3 Mz Jowor than the fourth harmonic of the S~band oscillaiosr?
and positive for a high lech. The feedbach resisior of tho look indioator

aaplifier provizdes a gaian of approximatsly 470 which is sufficient %o

saturats the smplifier and pioduce an output voit of wpproxirgtely
i i v

[

+12 wvolts for a low lock and ~12 volts Zor a high lock. The iype of
emplificr ueed, Yairchild ADC-273 has ne difficuity vecovering ¥roa o
gaiurated condition. The low lock is chogen ag (b one reouized for
cperation of the syctem, and this conditien ig indieanted by closvre of
the loek relsy thyough transistor Di. In 4he low look condiiion ths
collector voltage of transletor %7 Lls typleally 0.C3 wolts, hut if ths
ey

loch: iz logi it guen up to 24.5 volisz., The eoilectsy voliase of W2 is

h

apbiled thwough o 4.7 ) rosistor to the

is logt, tan voltage prodaced by T2

incy smplifier €0 swesp kszative in woltage

the gxto terninul of zhe

b=

Typo DIBTLY readhos zovo volZs and ias n.u.i. then shos

cagacitor in the grplifier faoedbaoh loon enugine the s
4 ! =

return o 210, Tie dicde tatveen rEtor of T3 and she pauat.
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ate glowg down the Teeoier;

[E)

the p.oo.t. and insures iiiaz the

L35
aupliiior capaclitor iz completely dinchargad. fPaus {ho swuitpzt voltase

of the loop awpliiiser in ihe abscuce of a lock is a sawiccth wareforn
swveeping frem asproximataly O to ~L0 volts with u freguousey of

J
approximately 20 a/s. # tho vejguived control voltage for the H-bang

ogcillator 1i the system will sutonmstically

go back into 1 02 the X-bund oscillator increases

with increanin zee the low lock coudilition viil be

reached befoxre ihe kigh lock ag the leosy anplifior sweaps. If however the
syster finds itself in the high lochk condition the aegnt

the outprt of the lock-indiecator amplifier acting tavo
5

apasiicr and iniltigte

=y

causes the v.u.t. to discharge the loop amniif

w

ie

tke sweep azaln. ‘e ouiput of the loch iudicater ampliifier alse prodicas

a negatlive trangsiznt as the systen approaehes the seguired low leck and i

..

pxeveprt thisz triggering th2 p.u.t. o tine cousian’ of !

O ms i3 insavie]

e

at the bose of the transistor Td. The ealtier voltag> of T8 ip atout
0.4 wolts higher thaa the ouiput veitage of the Loon anplidier, snd is

tged a8 an isolated ocuitput for remote monito:

systom. Tae complety cixveult shows in Tig. 2

contrel civeuild iz gounted om ¢ printed cizcwii board of cdipegnuslons

Yool A . : ; 3 g
44 5 . The ingut and outpbut comnwcticus fo the bkoard are shown in Fig. 2.

[ L] - e

The feollowing wrocodare sheuld ko used for adjuginent of the passo

lgek glrcuit

1.

Tith mo IF eor referwenge inpat the fyianey of tho lock-indicator

)

anplidier 5 adjuzted fo Ve B & A AR 4 Fitige frop tho ¢ i 7
"'":Gj?' ier g odQjusteq for zorve ouimut voitige fron thno am ﬂ.i fiao

2. ¥ith no IT oy rolerence input and

2ted from g junciion of

disconn

t‘.’f

ol the lrop awplizfier i pdiusted for govn drift rate of the aapliiisy

ouipul voliezye oif the am

ut the negative paal

the p.u.t. T achliesn

contition the zangme ©F the awesh of the louoy

arpiiflior can o adjasted Ly Crimming the 60 &k ecrx 100 Ik mawiglor
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connected to the gats of the p.u.t. The sween wvange of the output of

the loop amnlifiony should ba typleally —0.4 to 10 volitu.

R X - * v -y . L * Elge
C. The IF fxplilier fox ihe Fhave Lock Syatem
¥t Al S SRR LAES v Byilveas

The circuit o the I¥ anpillier desigred Zor the phasa lcel sysven ic
sitown in Fig. . The signal to te amplified iz at a freguency of 2 iliz. !
The amplifier consists of two PAVSOQ (Philco) nicrocireuits waich have a

pominil galan of <3 db with input and outpub iupelances of 50 ohzz. The

frequaney vesponie of the amplifier is controlled by singie T-sgectiion

low 2335 fZilterg at the inpat and sutpubt by & cdouble T-sszaiion high poes

filter between tie two eiages. The cut~oi? freguenalies are 2 Mz and

5 =, and the %lcoretical values Tor tiz ipdiuetosrs and copacifors for a
el |

80 chm characieristic impedons2 iseec Roleroncs Data for ladio Engineers

2%th Bdition, pp. 166-16L) are glven by = 4.0 UH and € = LEGD »p¥ fox

i

i Iz
2 iz eutofd Irocuency ond LP = 1.9 4l and ¢, = 640 p? ZLoxr 2 cutoif
frequeney of & Ikliz. Tho values uged nye chosen fron tho available sicel
componentes 1o pryproxlnate the theer e 4nONST Tive

aiplifier typlcelily neanr ologa te 3.0

is within 0.2 db of the mexipum. Ths o

polints are typileplly 2.4 28z and 4.5 Nie.

eparasteristics of individual niercceivm

4]

construcied tie velues messured ot 8 Iz vore 72 ab, €86 db and 93 ¢éh.

Tie bins adjiuvsiment of the Jiret wicvorcizenit shouldé bo

goin and the adjustugat frre tha second microcixonit should Ba s2t peor

woximam galn bui for minlwum digtovsion of the output waveform. This Lo
bese done by usivg a @ iz sigeal genoeater snd displaying the anis L]

arpitifisr outoul on n Broodband oeacill

undistoriad
cuepal voltags shonld e at legst 0.5 v

dedeads exitically on ke

romanlin within Q.05 valte of tho value
of the microgirculte. gctor Jor twmnltoying

the IF level

¥

Tho ampiifier is coenstryocted on a emoy

u/% inches and zsonted it a dioscuast Dow (Pooecaa Blactronies Yoo 20203%,

¥ i 4 1 Ve e . -
The stabllity of the circult vas groas

% o 5 2 APy Ny i
ey grounding vhe oo

s

atl epe and of the box enly, aad ¥op this rocegon the impub ip coupled Tow

a trassformor vitdsh cousigis of 27 turng ol nuanbew 32 vire vound or & 1L
Zexzrite core.

*roferns to +0v; individunl reguletors (805-v0) eliminsite this difiiculty

LI )
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D. The Leval Jontyol Circuit
The outpui of the K~bond oselllstoxr passes through a curzesnt
conirolied attenuater (9P 35435, REL™, or S5351), to hold coastons

current measvred by the level detector. The atitenuwaior is con

by ‘8 cecond <rder loop with one ADC~IVD operational amplifier.
sigral from ke level dsteeiow is cfisei by a control voliage fron

o 10 { fized vesifor and g 20 ¥ potenticameter. This is used to cet
the power ler:l rezacking the amixer of the interferomeier ragiivine
systen for opiimve nolso figiare acd Ireguencey response. 17 tke
current conttoiicd attenuslor wvoquires a noslilte bias (I 3E80) the
level detecticy should produce a negative gignal and the 10 K raosisior
from the level coatiol potenticoster stould be raiurnsi to 13 woiis.
If the atteunator requives a nogative biac (U2 32505 or 8551) thw
polarity of 'he dztector ecrysinl stiould bz veversed. and the 10 %

reglistor rel wvned +15 voiis, The level coatrol circuit v“c uding Tl

U‘D

potfentionst:r ig aounted oa the sawe circuit besrd as the nliasse louh
s;etem and rrevigion is made to connect tha 10 £ resistox of the lovel
ventizol potintionater to either 410 volis ox ~18 volts by changing a

singio Juapar connection.

The trimcer potentichetor of AID=5TE anplificr shonld be et Lor ueve

o

drift of the zmnlifier outnud wi
and the 20 L levgl pet patenticncter ot the zeoro rogisiance soad of itg

rERES.

i

B. Physicul
The counpooants
excention of tho S-bead omcilliaior aad

ogallilater are shown in Figs. 2 ond 5. The cosvononts sha?a in Pig. ¢

a the ioput level detector disconnectod

- 5 + wog i e ; ¥ . -
are mounted in a 3omtof dimensiorz 1Y % 2 3/« X 77 ohich is mountes
cloge Lo the nmixzer in the hoz at the feed of gnzh anteanc. Thip cantaoire
all of the phasy lock gyston efoent the povor supplios ang coroain monivo

and contrxol comnoicnis whizh compwize the loeal csolllintoy control wnlis

(Fig. 5. The ceatzol unié is wmountsad in oo enelosure at tho hocu of

antenna. It contiipne twoe 100 Lo netera, ons of whieh owuvides o

continucus monitor off the outpul level of the R~bund coviilatar and the

other c¢an be sgwiltahied to moaliocr the level of 4the 3 MHx IR gdzrnl, the

3 iliz velereunwe signnl, or tha fracusncy coutrol veltone appliled to $h

% Bee Pige. 6, 7 and 8,
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cscillator, The coatrol anit glse cootaing the wotenticonoter for

adjuastment of th: local osclllater level, and a lamp to indicate wihen

u

the systen is iz loal {iszup on enepls in Lock). An otpub contant for

4 second loch indigator lamp in the malp conteol vocm is also avalishle,

oo JAHe S-beps Relerened Rlanal

The S-band cieilistor ie loented in the main laboratory building
and its cuiput is fed tarcugh s ecable o the eguinment huilding in tho
center of the avray where it ip split five ways using four hybyi
Junectiong (Maxde 3033}, arramged so that three of the cutputs ench
contain one cuarter of tha input power and the remainiag twe ouiputs,
oae eighth of tho imput power. The low power oliputs go to the tuo
clesest antonnas. ALl cables are :/u Spiroline and are burlad. Tho
attenuation froan the laizozatory thx:ugh the povwer splitter o the bBase
of any snteans is 17 te 13 dk. A further astsnuatieon of appronimately
4 ¢b ccourz in the cablos botween the gyouad level and the fzeubon of
the antenna. Assuming o fotal loos of 28 3b %56 cach antennn where L ooy
ol power is regalved at the harponic aixer, ithe povey xeguirsd from tho

S~band ospcillator ig at lsest 0.2 vatts., & capability of (.5 to

outnut ls desirvable to cover loss of > of the osolllater with

end any additiconal loss i the trar SYSTEM,

The differenca in the lengths of the cables to the closest and fhe

nost distant antosns is aﬁp"az mately 225 ft. {Vho cables o divectls

q
e
fars
Wi

antennas and po atiternt is pafae to eqgualize the leasins.) ¥
to the antenn 2d no *’o'“* i 'y t jual the leng

differencs is ezual to 2,300 =: at 16,80 8z and puls 2 requive-

nent ca tae frogquency sianility

Telative nhase zhlits of tha spéenmac. T o moaximun rhape eiv
{r e 5 :

or 1/20 of a Irinze can b2 telerated the ozecillator frequency must Le
s — . %

stabilized within one part in Ll T M W0 L A exystal conirollod

S-band cscillator iz thorefere racuived. Tha

oscillator can therefore be punmarizad az follows:
Freguincy ; 2673.25 49
Freguoeney seability o L part in lﬁn o tetier
Cuinut power : 0.2 to 1 watt.

A solid zhtalte 8-1x sourees with built n 2rvotal cenivol of the frag

waich fulfills the abtove roquirepments is availlable from Hiciovave
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0

(.. Taehmology Lamoratoriss, lndel U= Tho S=bhand ozcillator will
conelist elfhor of this unit oy a Speryy SXAZ2 klystron wit: a nhaszo

froguancey coutrol.,

Hain Pawnonv;ts

- .u.-...-..r por ksl angiond

S-band osgailliator

3 Mz osciilitor

4 Roxda 2032 hybrids <for power splitter)

Osciliator Unit (5 required)

Faleeh
3 naz 1.F.

1é ME~L1137 M-band cscillator
arpliflier
CABEHEE VoEE 3 ¥aivehild 1BO-27B amnlifiers

2 Releon M5 double balanced nixers

H.P. 35350 cuxren
2 0.5.M.
0.8.14.
Rarda 3(603-10

AL

t—~contyolied attenuator

20186~% hyhrids

20085-68 & db couplex

i dh gouvplay

o BURB LLI0C guvitch {for modulated yeiflechord

Hagn

1C%1 detectiors

Oseillator Conticl Uit (& reguired)

Aviopies

Y Ty S eto] o antennas
2 { SﬁC Tt. ¢ Z80 ft. $ 200G Zt. ¢ 130 £t = 1210 £L.

baox to fepd ci anteanas

refcionce o

RUD, lab.

O RGHE 1ab. to each antenna Jlodulatcd vefloctor dvived 2410 914,
RGOO, proung box to fecr hox on entenpnsre B R 80 £3. 400 £z,

to each antenaa i3 s

{level wnonito
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15 conduciom ground box te feed box {(osclilstor units

to eoatyadl units) 400 Tt.

2 conduztor csble, lab. to each antenna f(lock lndicstor) 2010 #t.
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‘ _ CLIET NO. 358
. Deeombay 17, 19080

PHASE FOMITORXEG OF TIE LOUAL OSCELIATOR SICHALS
- h-t 'I'"“ PIVE-ELDLGLWY ADRAY

AR, Thompson

Hupected Variations in the Instruncy

- P aur wauim -t

cr
4]
Y

In the cperntion ef the five-elewent I-bend avray it is eupodd
that for eunch chservation of a source under investigation, omns or woro
ohservations will alszo be made of ¢ calibratien scurce to detemminn
the insgtrumental components of the phase of eoch of the tew fring:
patterns. To obiain a itwe-dinenszionsl brighiness dictribubion o

source using rotatlon syutllhesis reguivez obhsevvaticn cover the il

ors of avalloble tracking in hour angle. One eannst oredict vinh

cextainty the nunber of calibrotor choevvaitions that will be nacsurnzy

i3 esiablish the ingstrwnental phase and its varistions cver & ton-louw

O chserving peviced. However, it will be shown that the mein varic

PTE

oh

. in iastrumental phase ave Llilely te arise tbhrough theymal zifonty o
the electvical lergihs of the eables carrying the local csaillator
synrchronigivg signal., Thz phuse monitovinge system allows thasc

variztions o bo Deastred at any ting durd

and gk

observations for eunch cboeyving poriod.

switah, =

wavoraide
¥

Tha

wator,

will Poveo @ regligible aiifect o the phose leapth of ihis puth. %
eficet oif the temperaiure variat K15
not yet poen fally invostigatod have a vary Loy pov v

ks

congiomtica cnd can be well isolated thareally f2om cvbeido townnrr s irs
_ varlationg., ‘fho »eceliving
. inpid both above o3d bolow

rmown that in thinz cose tho

.

inde

pondoent of phnse changoes In

H
2

38,10y, Th

ah e ¥ L e IS 4 Fspeen ;
L sinond (%] Sy Buacd sy Nfrog e,

ene monh importsnt cgase of

pLTE &

0—4

b 1ijzely 40 be in the Lot (‘-:‘..-,::"JT':*'-."..;" Gt be desndung] b R p T a e
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mhe leoeal oscllliator is o golid stote uvnit {Fairehild F31115F ox

VS {RY7eR)Y whileh runs at s freguency of 10.66 iz and is phase locked o

e

Loy}

the fourth hovaonizc of an S-baepd sigral av 2
)

i.f. refevence fsea Glint Fo. 285). Doth the S-band and the 3.0 Mz

.signsls ave derived fyvom erystal ceantrolled ogeillators 1n tho main

laboratory building. The S-band sigeul is transmitied to tho deole
Y : y

building throuvgh a buxried cable and then divided iato five componinis

which sve ecch trassmiticed to the base of on sntenna through lenpglhp of

387-380 ft. of ?/Sminch Sniroline buried at o depth of & 26, Fuwrlhox

lengths of the same cable totalling approximately 1GC £i. carxy the ziganl

up the antenng structare to the front =ad box in which ibe local cguoillzcor

ig sitvated. If we allow for an entreme doy-~to-nipght tempers

Lod
15
g

2 [+] "
varigticn of 1 "¢ for the huriced cable and 20 C for the lea

ztha o ile
antemas, aad take the coefiicient of electrical lengtih of ithe calles oy

. . “‘5 L)
equzl to tho eipansion cocfficient of sluminus (2 x 10 f 0}, we

changes in the leangths of thz csbles of 2.4 mit in the dburied portlen and

12w in the enburied poxbicn. ‘Fhese veuld plve xise to a total whnez
chauge 6% 1857 at the ¥-band oscillates Traquency. Ths corregomiviliyg

effent on tha phase of the 2.0 Wiz gl

is suatirvely nogligible.
temperature chunges cccurred slowly and uniiornly over the whole hLroay

the diffoventinl changes in

uld probabiy ke

LT

In practice, however, ths exposure to dirsct gualight will vowy fvem ens

sitenna to anothoy, and we nust agsuse that, particnliariy noar tines of
gunrise and suaszet, the tespoeratnrs variations in the oosillister ol
cables on tho entennes will give wise o variations in tha phaca nnglas
the fringe potterns wihich ore a susstantlal doaciion of the o

.

oo I o
llotor phase drift of 1400,

1 Svsion

Phe method of neasuying the variation in the electyloal length of
the path of thoe B~Lznd refcrener pignel is kased upoa the tecimigun
devaloped by Swarup end Seng at Standond (Ouarup, C. and

1681, Trans. EE, AP0, 75). A fzxaction of the signal frangmitiod by

the cable is soturasd by o roficcteor at the xomsie oad abd conbluod il

Asr

the outward going algnal to form a standing wave patieru.  Yhe vedloolo:

B k|

¥5.28 Mz minus the 2.0 iz

1
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is modulated zo that the reguived componont can be distinsuoisghe:d from

other reflections within the systenm. The chavpge in the positions of

o
the ninime ol the stonding wave patiern indicate corresponding ehanges
in the leagth of the coble, since the electricsl distarce betwoen any

ninimun and the vreflecficn point remsing constant. A podalated yefleot

is lecatzd a2v the input of the lecalwcseillator synchronizoer unit in th
-

froat end box of each sntenaa, ond a podulating wavefcin can ke switche

el

to any crpe of the five reflectors without digturbing tho obzse

progress.

A blocl diaogaam of the phase menitoring cempenents is shova 1

-Fig. 1. 'The signal from the S~kand escillator passes through a directi

coupler, a cireulator, and g tuner and is then tyansmitted throvgh 160
of buried ceble to the power divider in the delsy buildipg., The povwaey
gdivider congists of foux coaxlial Lybrids A component of the signgl is

then transmitied to the loecal oscillator syuchronirmer ni each

o

g snoll fraction of this ls coupled off thacugh a 20 ¢b coupler o o
meduloited roflector and veturns down the cabhle enteriuvg tho clyvenlnier
port B and cncrging at nort C.  The reflected signal is thon conbined
& hybwrid with a component of the forward golng
osciliator, ihe whase of which can be vavied by
The oulnut of tho dotectory contains a sguare wave at g {xeguency egunl

to the modulaiion frecucney of the roficcior, end thisg is smplificd and

raectificd in a whupe dotector, and itz smolitude is digplayed cn a cent
saro netey, As the phose shifter ig varied the meter indleates the oou

valent standing wave poattern, alierrnsite maxima belnz nositive and nogal

Lot us ascume thot the phese shiftor is odjusted so

represents & standing-wave minimum,. A ebharge b in the path Zengih of

tho cuble to the antenra will produce g phase chonge 4ﬂ§fk in the npooas

of the reiflaoctod gigoul (thin is

the gipnel traverses the cable in

retmrned to the standlny-wove null
ealibratad phase shifter. Yhe chonge in the plose of the signal arziving

at the synchionigor unlt is rﬁf\ or hald the chanpe of the phase

shifteor rogding.  The plhoso shiftexr jp o Marda hodel 3755 cownxlal piu

or

ensal

it

G

ive.

shilfter with a dipglici ontput reading, which ip enlibratod to on accurncy

-

. ' : i ‘ T
of 0.25 ma in eaulvaloest vath lengeh, whieh cerresvonds o 3 of phono

tho ¥-band cacillantoy siheanl.

in
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Operaticn of the phase wmeasuring syosten as deseribed shove ragoiyes

i

a prelimingry adjusiient of the tunar ai the inpul of ihe cable to +©
pover dividev. Sinece the roverse path atiesnsation of the circulator is
only 20 to 30 db, an wwanted congouncst of tho oscillaier gignal leaks
throvgh frowm port A to poxt €. Yhipn componeat, ths phaso of which romains
congtent, combines with the compopont ¥rom Lhe cullibrated phase shificy

a8
effcatively praducing[phase arvor in that gizaald., To min

eftect ﬁe tuncy ig set to refleet ¢ mignal back into poyt

Sk

1

ecirculntor thaot will cancol the vuwainted cowponent at poxt €. To adjust
the tunoer the modulation lg switebed fzom the relleotor to the dleds

switeh at the sutput of poxrt € of Lhe clzeulatowr, ungd the compectiscn

o
botween the calibrated phose shifter ond the hybrid is openad. Wie ouly

Gl .‘u‘.ul whan 3'5:3‘;1.i]l‘.f’ The Getgector i.; that :‘;i’dii} nont O of tha clreu }n',"i't-v'.'il‘:_
1% %
a!ld Ll tunpes iz adjusted to .‘J,'iili,«ii!'_‘l{f thia Si'.,’l’iﬂj. as i!;ﬁi(‘.ﬁfi"&ﬁ on tha
15

ouiput neteyr.

Basicn Datal
e

Loy LIS S

2 af thoe 8vaten Comnonenis

4V G GRS RSLRETSAebes AN Ll | 1 A

e Behand oselllater e s Coentilabs lodel SFCEOC0Y and pravides

*

total outpet pover of 1.0 watis., It consists of a solid atate cseillator

24 o o erystal ogelllisniter pt o basic Iraguoncy of

apwzoxizately 183 IMiz. Ap cutpui at 183 jTx is avallable so that tho

-y & = . - o n - - : el e 2=
cacilicior atcbiiity ean bo monitored uzing our Rewlett Poekawd BE2450
froguency counton and B2BIT Lreguerncy converter. Since we are obtamnting

&
LS
- - oo ot e — . - e P y g L ” - *
{0 noasere o en acchracy of 0.88 pe in 150 meters, o 1 part in 6 i 10

it ia neeeospunry to hnow

AOCUTaTY . Tie noournoy

Ll P . . - o . 'S T ot . CE P AR T IE T e .
oxdere of magoiituGe heticer thon this »eauiraneni.

Tha total attesoaticn Evow the opclilneer o

iy estinmated to Le'27 db, of which id db vesulis From B4 fewet of ¥/ /0%-dnck
Bpizotine vhich is knvied, 4 db ropaits ftom enables on tho antaouan, arad

9 oh rooulis from tho powsre spiifting {this noswaes thoe wirst ooge vhoe
tie sipnal pannon throveh thyeo byiheidal,  With a L owoalbt oseililotor 2 pw

af power is negilable ot the gyschroniznor ippul, which ghonid e 0

noye whan tho minimug weouizoment.  $ho attowusiion throuzh

Lidi

the nedulated raficcioy lnvwolves o furtihor 29 db oo thnt The

- o

at poxt I of the ciyoulator in 04 &b bolow tho lovel of

rofiocrod ol




the cubward poing siguni. Tests of the gystem using an S=band signal
generator indleais tho fiba;lt'vxty is sufficient to allow peoasurenontis
to the reauived accuracy, altheugh it is not yet posgible to make wensure-
ments using tho 3 wati ciseillater since ve ave avalting delivery cof this
unit (December 17, 1838). In an corlier study {A.R. Thompsor, lint

No. 281), it wmag found possible to make phase mensurements through a
total attenuation of G2 &bk fox the onc-wvay pnth from the generatoer to

the roflcetor.

As a vesult of the use of a 20 Jb coupler to connsct the nodulnted
reflector to tho S=~band cable, any nadulated conponeat tislt enters the
synehroniner should be at least €0 ¢n below the syﬁahrcnizing signsl
{assuning 20 db direetivity for the couplexd.
from the appenrance of the reflected component at

A

is therefors negligiblie. An isclation i

phasa shift o G.Go, cind it should thoveforo bo eauixely sutisfactory lo
use 10 db couplers. Fowevor, the 20 db couplews vere already availsbie
from eavlier projscts.

Tho modniated resflector consists of o coaxial diode switch {ilaiabs
§-213+-212 oy ARL OEZLLOD) in which tihwe power ig transnitted in the ‘on'

*

condition snd veflectad in the fedf' condition. 'The switeh cun be
torminated in a 50 chm load in wihish cose the power plckad up by the zide-
arm of the couplicx is aboorbed in the “en’ conditisn and in the Teff’
position thae power is voflecied hack dowm ihs side-ara g2d 1% of it is
coupled back duvvn the waln line., IZ, however, dnstewnd of 2 lead tho
guarter wavelonusibh bveyeond the
Tafslecondition reflcetion point, koth conditiens of the switch thea pive
ion, but wiih 1$Go Gifferencs in phane. Yhis orrangenent
douhles tho sigasl at the phose deto:itor, and hap thercilore boen uvsod
Bocousa of tho batter senwitivity obialnod.

The gwitchiog ki@quuncy usod fov thoe volflector is 1.0 Wiz, and a

circulit di the owiteh driver und the phane doteclexr is showy in

Pig. 2. This is sinilar to the cirguli doseribad in au eavlier report

{A.R. Thomsen, GLint o, 2508)Y but hap an ipproved souars

otage. Thoe wultivibratey ig dyiven 1o a
tuning fork cccillator (CGuomnray I'202) which ig nst showa in the diaghan.
The tuned amnlifler is o Howlett Fackard 4LER CVR meter and hag a wide

vanen of varianlc gain sotd ‘1\* s yhieh is a preatelvantape in the iritlod

TEL == 0y - e
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adjusiment of the line tunex.

The tuner congists of two units in sevics, o double-siub tunoy
end a siido-scrow tuner. The adjustzont ls nade as ecloszly as pogailile
using only tiue deuble-stul funer, the sotting of waich is theon {izod.
Fina® adjustizat is mede with the slide-seraw tunery, and sises cenly
small penstralion of the tuning scraw is reguired, a high doeroc of

cancellation o the cizavlator leakags signal is readily sshioved.
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Modified 8-2-73, SJW
GLINT NO. 410
May 17, 1671

LOAD~GO FORTRAN FOR THE 21148 COMPUTER WITH THE SRAIOS SYSTEM

Larry B. D'Addario

Operating Instwrictions

ll

6.

Turn on the computer, The DICCY cassette tape unit, the

Hazeltine CRT, and the Line Printer.

Pisce the ' TORTRAN tape in Deck 1.

Pregs HALY; press PRESAT and I0AD simaltaneously.

When the computer halts, pross RUN.

Prepars the source tape.

a. If sourse tape is already propared, place it in Deck 2 and
go to-siep 6. '

b. Place o Bblank tape in Deck 2.

c. When >> gappears on the screen, type WRITE 2 and then press
the SEIFT and ZMIT keys simnltaneously.

d. Type tha gouree program, with each line followed by SHIFI-*7IT.
The firsi lire must be the compiler contrel statement, ﬁhich

iz of ths fornm

MiN,B, L4

[+ 8

where B spocifies that a binary oiject tape is o bke picdused,

i, specifieg that a gosuree listing is to e =roduced,

and A specifics that an ascembly ligting is to ke produced.

Specifications L, and & ave optioaxl but B is miived for
LOAD-G0 TOTNTEAY. Normally, onticn A iz not solected since the
aggembly liszting is very long.

@. After the lust gsource giatewent (which wmust be ENDE) is enteved,

e

i

press ths CONTROL key and type I simultaneously.
Strike SHIFT-XMIT. An end-of~file pazrk iz
then viitten on Deck 8.

After >, type RUVIND 2.

fats

NOTHE: ‘The souves program must be on File Loof th

@

tape in
Deel 2. The ohiect program will be wriitten on File Z of the
same tana.

Pilace a scratch tape in Dechk 3.
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( RU FORT, ,G.
. 7. After >>, type The progyam will now be compiled,

loaded, and executed without further operator interventicn, excepi as
noted bzlow.

NOTES: )

a. If a listing vas requésted {opticn L ox A}, it will
appear on the Hazeltine gereen. If SSW 10 is on, the
listing will also he printed on the Line Printer.

b. Compiler ervor codes will appear with the listing.

c. After compilation, the program is loaded with all the
required library subioutines. The lozader produces a
listing of the locations in core where the programs ave
loaded; if this listing is not desired, turn SS¥W 15 con
anytime before leoading begins.

d. If S8V 14 is turned on before loading begins, the loader
produces an aksolute binary tape on Deck 3 For later
execution; the loader then types *END and the preogram is

. d NOT executed. The uger must thep write an end-of-fiie
G marik cn Beck 3 heicre it is':ﬂewcuﬁd; to do this, nmanually
rewind Deck 1, execute gteps 3 and 4, iype WEGF 3. The

user’s program will then be executed if he types

>> REVI 3
>> LOAD 3

e. IT the computer khalts at any time bhefore the compiliang-
loadiang process is complete, an eryvor has occurred. The
user should tyy to detexmine the cause of the error by
consulting the H-P mantals and the notes posted pear the
compuier. In gome cases, the errex will not cocour again
if the compilation is iried again fyom step 7 after
manuwally rewindlng all tapes.

f. To produce the object program only, the command RU FORT,,G,N
can be used. The object program will be written on file
2 of the tape in deck 2 as before; however, the program

will not be loaded. Control returns to the SRAIOS Executive.




The addendum provided at the end of this glint describes equipment

purchased after this glint was written.
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GLINT NO. 431
August 13, 1271

THE SHAT OPLRJ”INu SYSTEM

C.d. Grehenlienmper
The SRAI Operating System (SRAYOS) was writtea to allow uore
cifficient vusage cf the available core of the HP-2114B computer. it

replaces the follbwing DICOII gxpplied software:

S SR
344~-01012R opo gysten Loader
344-01015B  BPC 'TTY SIO0 Driver

0

344-010178 R oo 344 SI

In additicon DICOY o, 344-9310508, HPC CI7OS~I1 Sxenvtive, was
) 2

rodified to allow proper linkage with the SRAL0S drivers.

SRAICE was written as an overlay for thoe DICDH-au

brr]

5 syghen nust

sratem. To genevate z SRAIOS systenm tape the CHI0S

s
7
pre
P

he
resident in ¢ore. The abzolute outpul of ;208 is then bootlonded

into core, aud ermecution is begun at 140G03B. A SRAIOS itrmge may
be gencaated using the SYEIRL command. S“JLhJ i BRAYGE, the DI0

oyoylRYs

entry noint lg 178002 insteand of 1200037,

for the NP procassors nust be chavzed ceTTECELY

or SREAIOS are avallable on the SRAN0S Binawy Gbloet Ty
Use of this %epe is ideriienl to the CLIOS Bliary Cbjent fane, as
dezevibezd in the QUGS nanunl.

The Fortran

version of the HZP Forxtran Tompllicer (Ho. 50:-’;u Operation i3

to the old vevsgion of HY Fortran with the einception thai » syabo

nay be obtained by saecii
The Porviran overlay bus bosn chuonged such thee the Ligtin: outpul nor
preduces a Live snuwher for ench line, ang wlociks the Listing ipnto 1L

pages. H1so by speelfving o ¢ fn the first paremater oo

54

corewnd, tho Fortrsn will opersio we s Icad-and-Co Yoowurs

type of cperation, Lhs Yortyapn scuree wngt be on the £irst file of the

tape In Ueclt & sond a-geruateh taye nust be la deek 3. Tho velocstabla
binavy obicct will ha wyititen in the rile of tho txoe in Doob L.

;o

3
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If Switehk 14 of the Switch Reglgter is on, an abgsolute biaary tanc
will be written cn Deck 3.

‘Listings of the SHAYDS and Ferivan overlays ave avallable in the
DIEOM CHTOS IT LISTINGS noteboni in the Butler Building.

SRAYCS

manual with the following oresstions:

systez creration iz the saue as described in the NIOR

4}

1. IF swilich 10 of the Switch DNegister is on, each lipe writton

on the Hazeltins is also written on the teletype (the line printex when

it is installed’.

2., if switch 1% of the Swiich Rogister is on, ouiput on the
Haveltine pauses aftor cach 26 lines of conszeutive ouiput. The ouiput

)

yesures when a single chavseier is transmitlied from the Hazeltine Laogbosard.
3., The (OPY conwmand mode default is now Binayy, not ASC II. Both
binavy spod ASC II tepes may be copicd undey the binary option.
&. The VERIFY conuead mode default s pow Binaxy, not ASC IX.

&, Eatry poiante for the SnALOS systen:

\ 1400600 MTOE-YI Euecutive
Y 140040 EIGH-11 Dxecutive (no reving Deck 1)
376263 DI0
371050 Beyhoard 1nput
371715 Systex Input
372YEE Systen Quiputl

z Outpul

6. Load Hap £o3 834108 sad Ezmeoulive

31835 Iizecutive Storage

e " o
7348 GUITGE~1Y Brecoutive

375241
377500 ~

%3 Systen Loador

1

: 1
36700~ BALLOE ERATOR Dalvers

3

3

-3

3
~3
-3
]

Footlc. day




7.

Load ¥Moap for

Modified 8-2-73, sSJw
¢Glint No. 431~3
August 13, 1671

SRAICS and Processor {using DIQ)

~ 364778
~ 3G577B
~ 375108

~ 37677D

3 - 377778

Available for Processor
Avallable for Processor overilay
SRAI08 Drivens

Syztem Loaderxr

Beotlosader
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February 3, 1972

DRIVING INSTRUCTIONS
R.S. Colvin

The five-element array involves large structures driven by powerful
motors spread out over a considerable area. Normal operation includes
the interaction of several people with the whole system. Consequently,
a procedure for safe operation must be followed. One person must assume
the responsibility for operation at any time.

The control room is the focal point for all operations. Any use
or service on the array needs to begin in the control room with the pro-

. per procedures which will be given below. The standard quiescent condi-

tions are:

1. All antennas stowed.

2. Contactor box controls set to Control Room and Use.

3. Power on at all antennas (power switches are located on the
north side of the contactor boxes).

4. Automatic stow lock air supply ready (air supply should never be
turned off except for maintenance).

5. Contactor boxes, ground boxes and delay shelter locked.

6. Log book on operating console.

7. Power toggle switches on declination and right ascension control

panels switched ON, pilot light on.

. Refer to the appropriate figure for locations and arrangements of

controls mentioned below.




STOW

. )

RNORMAL

S ea S

Dec. Readout Panel

Dec.

Modified 8-3-73, SJw

Operational Procedures:

I. Normal use

A'

B.

INCH SLEW

4

INCH

PULSE

SlO

Readout Pancl

Carry out procedures on Control Room Driving Check List [Fig.

Antenna driving instructions

1.

To Exit Stow: Manually unstow each antenna. (All

STOW lights should be 1lit to start and all MERIDIAN

lights should be on.) Place all 84'5 in ST0OW position.

Depress S drive button until antenna passes thr: N

' boundary as indicated by the yellow N boundary light

coming on momentarily. (When first depressed there is
a slight delay while the automatic stow latch retracts
before driving starts.) The STOW light goes out. the

declination readout will indicate motion of the

‘antenna and the declination drive motor current meter

will be indicating. Repeat for other antennas.

To Drive to a Desired Declination when Unstowed:

a. Determine desired readout setting
b. Set PRESET DECLINATION thumbwheel switch to

N > 9000. (1f this feature is not needed.)
5 o f

c. éwitch S4 in SIEW position.

d. Depress S or X pushbutton as desired. (To go
to smaller readout settings drive EJ Antenna
will drive in direction chosen. Depress STOP
button as desired setting is approached. Switch
84 to JINCH, 810 to NORMAL and depress 8 and N

butions as neceded to sel desired readout

valuc.

5]




In some cases the pulsed inch mode is useful
to set declination. To use this feature in

the INCH mode, set Sl to PULSE. When the N and

0
S buttons are depressed regular short pulses are
épplied to the corresponding contactor and hence
the motor is inched in a somewhat controlled
fashion.

Toluse the preset declination feature (the read-
out counters and the electrical impulse counters
should correspond ), set the desired number in

the PRESET DECLINATION thumbwheel switch and slew
in the desired direction. , The drive motion will
stop individually as the antenna readouts (and
impulse counters) coincide with the preset number.
This op?ration takes place with S4 in the SLEW
mode and it is necessary to leave the SLEW position
al least momentarily to release the coincidence

stop circuit.

To Enter Stow: All antennas must be on the

meridian and S

4 On the RA control panel in

MERIDIAN SET position. Meridian lights should bhe

on. Drive antennas north in SLEW mode until. they
stop at N boundary. Switch S4 to STOW and manually
drive N until motor stops and STOW light comes on.

Antenna is now stowed. The N limit light will also

be on.




MERIDIAN SET
AUTO TRACK
SLEW
TRACK

S6

RA Control Panel

EAST

WEST

STOP

TRACK

Lighted Push Buttons

RA Contgol Panel

5 ea.

Lighted Push Buttons

RA Readout Panel

® Modified 8-3-73, SJW
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Driving in Hour Angle: Four modes of operation

exist for hour angle motion. These are selected

by switch %5 on the RA control panel. (The

antennas must be unétowed.) Except in the case

of corrections all antennas operate together.

a.

Slewing east or west is done with the
switch § in the SLEW position. The push

button labeled EAST or WEST is used to start

the desire:d direction of motion. The STOP
push button stops hour angle motion in all
modes.

Tracking &t the sidereal rate is done with
the mode =switch %5 in the TRACK position.

Depressing the button marked TRACK starts the

tracking of all antennas. The STOP switch
stops tracking.
Correction: Individual antennas may be

adjusted in the hour angle coordinate by

Al 1

using the corresponding buttons labeled '+

"n_n

and on the RA readout panel while the

antennas are tracking. Depressing the "+"
button stops the track motor, while depressing

"-" button stops the irack motor and starts

the
the correci motor. (The correct motor is an

induction motor whose speed is approximately

twice that of the track motor.)
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Driving to the Meridian: For convenience

the antennas can be set to the meridian in
an automatic fashion. Select the Meridian

Set position of S_. and start slewing towards the

6

meridian with either the EAST or WEST buttons.

As each antenna reaches the meridian it will
stop autoratically and its MERIDIAN light will
come on. ‘When all antennas are on the meridian
the dummy meridian light also lights. A

stowing operation would normally use this

BT S Y

mode.

Auto-track Operation: The final mode selectable

by S6 is AUTO-TRACK. This mode allows one to

start the antennas slewing to a chosen right

ascension using the EAST or WEST buttons

and have the antennas stop at the desired right
ascension which has been entered into the
thumbwheel switch on the Decitrak readout

panel just above the RA readout panel. After
a short delay the track motors start and all
antennas begin tracking the desired right
ascension position. After this mode has heen
used the avto-stop circuit must be released by
pushing the OFF push button alongside the
thumbwheel switch before slewing can take place

during a subsequent use of this mode.
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C. Procedures if PBoundary Switches are Actuated:
The boundary switches prevent antenna motion beyond

a predesignated boundary. These function to stop all

*
antennas whenever any antenna activates a boundary switch.

Recovery from this condition requires driving in a direction

[Dec. Control Panel]

II.

away from the boundary and subsequently resetting the
1imi§ circuitry by pushing P7 the LIMIT RESET button on
the declination contrcl panel. (Motion away from the

- boundary is always possible but after moving away it is

necessary to use the LIMIT RESET button before motion back

towards that boundary can occur.)

* < g
Remember we have five boundary zones, i.e., North, East,

Southeast, Southwest, and West. The North boundary acts

independently.on each antenna. The other four operate with

‘the all stop feature. The Southeast and Southwest boundaries

can be approached by either declination or hour angle motion aﬁd
leaving the boundary can be accomplished by both motions. Near
the éouthern horizon the boundary is effectively one South
boundary, and hour angle motion will bc.unimportant compared to

declination motion.

Special Procecdures

A. Danger-zone operation
There is a small zone of operation ﬁossible beyond the
boundaries. Operation within {his zone is rescrved for
special uses and requires unusual caution. Special

/

considerations povern the use of this feature.




DANGER ZONE

©00
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1; Danger-zone entry switches: On both the declination
(85) and right ascension (52) control panels is a key
opefated switch. Actuation of this switch bypasses the
boundary switches of the appropriate drive system and

allows the antenna to be driven past the boundaries’ into

Dec Control Panel the danger-zone and up to the limits. However, it is

V
snad

necessary to hold down the spring loaded sw;tch S7 on
the dec. control panel to drive in declination and a
similar switch S3 on tae RA control panel for hour angle
motion. In danger zone to drive in HA requires both key
switches to be on; to drive in dec:, only the dec. key
switch need be on. 1In any case, only one.of the 87
switches need be on at one time.
ﬁmergency Stop:'
A large red button on the RA readout panel.labeled EMERGENCY
STOP actuates a remote contactor in the delay shelter to
remove all power from the antennas in emergency situations.
To return power to the array it is necesséry io go to the
delay shelter and press the ON button on the contactor itself.
Since this is an emergency procedure it is necessary to follow
a very cautiousg course before turning on the power. If you did
not turn it off you must ohta&n clearance from all involved
people before turning it on.
Emergency Stow:
This feature is not present and all controls intended for its
use arc not to be used. Leave S9 (EEEEQ, Egﬁﬂ) in NORM

i

position.
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Hechanical.lnterierence Protection between PRIMO, SECUNDO
and TERTIO.

Since the threec closely spaced antennas can physically

touch in some positions a sensing circuit has been installed
to étop all antenna motion if the anténnas approach a
éondition where this could occur. If either PRIMO or TERTIO
is on the opposite side of the meridian from SECUNDO the
circuit stops the drives. To recover from this condition it

is necessary to locally drive SECUNDO back to the meridian

using the special push button (INT) provided at the SECUNDO

contactor box.

CAUTION: You must select the proper direction to drive.

 Dri§ing Selected Antennas.

. An option of selecting antennas to be driven in hour angle

is provided by HA drive select switches on the HA DRIVE

. SELECT panel. A toggle switch for each antenna can be thrown

to remove that antenna from thg number fo pe driven. (Notice
the switches have a center off position which is not used and
is labeled NULL.) The pilot light above each switch indicates
the disconnect switch at thht éntenna is oh and that power is

available at the antenna.
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. III1. Local Driving
A. Go to control room and clear the local driving requirement
with the operator and/or switch the Hour Angle Select switch
for the involved antennas off.
B. Follow the Local Driving Checklist posted in the contactor
box.
C. Normal lLocal Use:

The local control consisis of controls for declination and a

set for hour angle motion. In particular a separate stop
button is used for each function. Be sure you are using the
switch or switches associated with the motion you intend to
use.

\ ' 1. To Exit Stbw: Select INCH position of declination Slew/

. Inch switch. DPress S button until antenna clears N
boundary.

2. To Drive in Declination: Switch to SLEW if desired and
drive into position at which point use the STOP button
to stop the declination motor. Smali motions can be
accomplished in the INCH mode using short punches of the

drive button for the desired direction.

. u*
3. To Enter Stow: The antenna must be "on the meridian

and the Meridian Sethse switch S

8 in the MERIDIAN SET

*An antenna is considered to be '"on the meridian” when its meridian
switch has its arm in Lhe corresponding hole on the hour angle wheel.
This may differ slightly from having the antenna's beam pointed to the
true meridian, which in turn way differ slightly from having the

. antenna's hour angle readout indicating. h = 0,
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position. Drive to the N boundary where motion stops.
Now depress the LOCAL STOW button and the N dec. drive
pushbutton and motion will continue into the automatic
stow lock. When the stowed position is reached the drive
stops and the LOCAL STOW button lights. At this point,

return the Meridian Set/Use swtich to the USE position.

To Enter Service Position: Antenna must be on the

meridian and %3 in the USE position. Drive S to the

boundary position. This position allows the service

tgwer tq be moved inta place. Switch 88 to MERIDIAN SET
which allows further motion south. With the help of a

second person drive 5§ into the desired location. Great
care is needed since no protection is present to prevent

driving into the service tower, etc.

To Leave Service Position: Drive N in two stages to

remove the service tower and return the antenna to
normal use.

To Drive in Hour Angle:  Antenna must be unstowed. Then

select slew or track/corrcct functions with Sz. EAST,

WEST and STOP pushbutfons are used for slew. TRACK,

CORRECT and STOP pushbuttons are available for these two

motions.
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] T

7. To Drive to Meridian: Place SS in MERIDIAN SET

position and S_ in the SLEW position. Start the

2
antenna driving toward the meridian and motion will
stop when the meridian is reached. Visual checking
of the meridian switch can confirm the location of
the antenna on the meridian.

D. Boundary Switch Considerations |
No indicating lights are present locally for boundary switch
actuations. The "all stop"” function is operative during local
driving so that if more than one antenna is involved it will be
stopped as well. This fact makes it important to coordinate
with other operators. A LIMIT RESET button P8 is provided locally
to reset the system after a boundary has been reached and cleared.
Note that if an antenna is in local (ANTENNA) mode, in MERIDIAN
SET mode, and on the meridian, then its SE and SW boundaries
are disabled; this includes disabling of the all-stop feature

for these boundaries on that antenna.

IV. Service
The operator is to bhe informed of any service activity taking place
on the array and the required entries made in the log book.

Relevant Documents:

Glints: No. 325 Declination Readout

No. 326

1

Hour Angle and Right Ascension Readout
No. 309 - The Mercury Switches
No. 383

Array Limit Switches

Drawings: RA-06G28 Common Line Reset Connection Diagram
RA- - Mechanical Interference Diagram

RD-627

Array Limit Switch Schematic

RB-686 - RA Drive, Antenna
RB-687 - Declination Drive
RB-688 - RA Drive Control
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CHECKLIST FOR LOCAL DRIVING

BEFORE DRIVING:

1.

WHEN

PREDICTED WINﬁ SPEED < 30 MPH PEAK (Forecast can be obtained
from the Weather Bureau. The telephone number can be found
by the observing console.)

FOCUS ROAD CHAINS IN PLACE

NO OBSTACLES WITHIN CHAINED-OFF AREA

(a) ALL OTHER ANTENNAS STOWED, OR

(b) .PERMISSION OBTAINED FROM PERSON USING OTHER ANTENNAS

BOTH CONTROL-SELECT SWITCHES SET TO ''ANTENNA"

FINISHED:

ANTENNA STOWED

CONTROL-SELECT SWITCHES SET TO '"CONTROL ROOM'"
MERIDIAN-SET SWITCH SET TO "USE"

CONTACTOR BOX COVER LOCKED

NO TOWERS, VEHICLES, OR TOOLS LEFT ON OR NEAR ANTENNA

LOG ENTRY MADE IF APPROPRIATE

Fig. 2
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Modified 8-6-73, SJW

CONTROL ROOM DRIVING CHECKLIST

BEFORE DRIVING:

5 118

WHEN

WALK AROUND CHECK

-- FOCUS-ROAD CHAINS IN PLACE

-- NO OBSTACLES WITHIN CHAINED-OFF AREAS

-~ ANTENNAS FULLY STOWED (If any antennas are not stowed,
notify person using those antennas of your intentions.
Insure that those antennas are set to LOCAL control.)

ALL PERSONNEL ON SITE INFORMED OF YOUR INTENDED USE

PREDICTED WIND SPEED <30 MPH PEAK (Forecast can be obtained

from the Weather Bureau. The telephone number can be found

by the observing console.)

INTERCOM ON (CHANNEL 6)

AT NIGHT, ANTENNA LIGHTS ON

LOG SIGN-ON COMPLETED AND LOG CHECKED FOR:

-- NOTES FROM PREVIOUS OPERATORS

—- VERIFICATION OF WEEKLY MAINTENANCE

H.A. DRIVE SELECT SWITCHES ON FOR EACH ANTENNA TO BE USED

FINISHED:

ALL ANTENNAS FULLY STOWED

H.A. FUNCTION SWITCH SET ON SLEW
H.A. DRIVE SELECT SWITCHES ALL OFF
ANTENNA LIGHTS OFF

LOG ENTRY COMPLETE

Fig. 5
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NELY: AN OF-LINE PROGAAM FOR THY STANFORD PIVE-FIALTIT ATRAV

LR, DY'ARdario

This Glint deseriloes program NRLI2, as of the revision dated 4
3/1?/?2. Some giatements wmade heTe may not applyv to later rovisiosns

of the progyam. It i

ra

» my intoution to update this Glint only if
progrvan revisiocas ave sm@aranfa ox if they ave likely to ecauvse
confugion. The nrogran has been ogerating for some time now, and it
is belicved te be frew of eignificant bugs; but if probklens should be
disc#ns?ed, I'1% atiermt o document and correct then. Finally, the

vesder should be aware that an entively new on-line program nay soms

day weitten, zaudori; is Giint ohsolete.

S—— |



Clint No. 475-2
ay 23, 1972
1. CEREEAL DESCRIDTION

This Clint describes an sctual, oper ating prozram for the HP 2114p

-
H L3

}
compuater {(Barlier Glints doesceribed proposed progroms which wers not
actually implemented). The preosent program is designed to operate as an
interfervometer any two or more clements of the Stanfovd five-~element arvay;

Lenee the nane N-Blenent Interferomcter (WBL1). It pexforms the folliowing

1. HELI interacts with the operator via the Ezeltine terninalty sovesn

and keyhoaxrd, providing informniive progpis for the input of source copxdinates,

integration time, delay offset, calibration informatic 1, haseline vectors, and
pointing data. The last two of these may be read in from a casgette tape. Iin
addition, NEBLEI accepts commandes fyom the operator, ensbling him 40 control the
date~taking and I/G activities of the program.

2. The computations snd daia geupling neaded to produce estimates of +the

»

compler vwisibility in eaeh channel are pexrformed. In particular, the aetive

multipliczs ave samglg

and the serieg of samples frow ecanh ig awplied to &

Filter which

to the fringes of the corrssponding anternn pair. %he

E

P o e - .
rasalt lg the bost

TIEEY linear estimabe of the complox visibility in ench
cngnial .

3. During the scompling, the delay lines sr¢ maintsined at the eptinium

Time at iho ead of sach data sawpling period Cintogration), and ot other tipes

ztor. ‘'The comput

ig based on polniing ervoy ve

antenns position lndormation whish is read in fzowm 2 tope near the begio

of program exesution

5'

eat records of the ebssrvations ave produced on cither or both

e

avices live printer apd cagsebse aapo, Thu vislibllity cetimates from

spvation ave vecorded, az weil as 5smzcn coordinates,
opersior comments, ifessl osceillatoy lino ilength mansmr@meuﬁs, and regolivey gain

aeasvrenasnts.  (ine fangih and gain measurexents nust be made manually and

rotieh tho ?aybﬂawd=}

A major conslideration in the desizn of this progivm was that 1t be flexible.

everal foattres and dal comands wero Ineliuded in org

2r 1o allew cpezation

in pes=siondard modes.  For example, qpy L“uﬂo* of the 10 charnels way be sanpled,

and they may be sonplod in any ordeyr; any hnﬂolimq vestor may be assigned to any

aana pegltion readout settings for proper pointing are displaoyed

for thoe operatoer. Thess arve computed fTor the current gidereal
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channel. Thus, for testing or othor special purposes, it is possiole to connect

-

entennas % and 19 to channmel L. In addition, the integration tinze is £

22

ely
selectable by the aworwvnr,.wiﬁh sone cautions isee Section 1Y, mara. 4 holow).
Also, an olfset can ke added to the deloy line seltings.

The organization of subroutines was also designed for hipgh flexibliity.
¥herevwyr possible, subroutines were wyliten so thet they would be e siiy usable
with other mailn vrograwms which might be written by some observerg for special.

purposes. Assembly-langtage programming was restricied to ﬁnncﬁiena fox vihich

it was guite aecesgary; the maln pregram and most of the subroutines are writicn

in HP FCRIRAN.

Fi. OPERATING INSTRICIIONS

A cogy of the progren in absolute foim vesides on a SRATOS syegtewr tape

abeled VINTARFEROMETER In what follows, it ig ssoummed that fhe render is
. (e}
.Y, 2 ) 1, ] 53
familiaxr with the oporation ©f the compuber sysiten and with the SRAIDS

eiecutive {p wmodified vewrsion of the DIoUi-supnlicd CMIOE execuiive; see
vefervences £ and G,

Operater interastlion with NELI is aluvst entirvely through the Hzmeliine

kFeybosrd ond disy

The top portion of the scycen is reserved for disniay
of the latest peliating information and wisibility dabag computer proopty to
the operator and his responses and commonds appear imrediately helow the

reservad avea. QEUTION: U8y o

LIINE ERITINHCG ESYS SHOULD BE AVOILEID,

SINCE THIS MAY INTORNERE WITH (IF RUNESREVRD-ARNSA FBRA

op O THB PROLGRAM,

Thrdughout this ¢linz, prompis by ithe propras will bo indicated by undorscoving:

scoved chavactere in the examples are entered by the operator.

ALL numerical dota ontewed fyom the Leyboard iz read in free-£ield format
{ficlds geparalted by comres ox bilanks, decimal points optiomal; see wef. 3,
o, P10 FORTLAN).

Es "@uﬂfao and initiclismation. Aftey loadinz

write~enabled tape in Denl o outpkt data £ile is

to be written), aund position it at the beginning 57 the desived file. 'fhen

S P" T ';‘:Y"‘ _I
Waen tho program hes been loaded the oporator will he prompied Jor the Jollowing
indlormation:
a. Today's date

b. Header. This may ke any 40 or fever choracters; it will be




@
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writien on the outpul tape (if anyd, alo
b

it will also be printed at the top of ¢

N

¢. Iast seriagl number, AYL integyrations arve autonati

hy consccutive integars. The operator may wish o bezin at ¢

D

4754

ng with the date, in the first record;
e first poge of printed outhut (if anyd.

eally aumhered

.

8 particular serial

number, especially 1Y tho current observations are part of a tferies. I sao, he

should enter the last sevial number previcusly used; otherwise he should cnter

EEXe.

d. Output flags. The operator's wesponses indicate i

the Line printer is 1o be used, and whether ov noi an output

weltten., Any responso other than YES is foken z2s "me',

Example!

DATE (REL DD, YY) 7
HEADER o B
CALIERLINN ODSERVATIONS BY LRD

LAST SENIAL NO.7 O

PRINTE

e e

et
n
L]
ik}

c and Daseline da

—

My

next. Hach of these may be a tape file on Beck 2;

-

Th
entered from the keyboard. Pointisg data, if a ohig, must

ta

he

wether oy not

tepe 1s to he

are entered

@ hagolines may also be

written on

iir
the tape in a epecial binary fLormat {given under "'Pro ogramming Details'y and

muet be temuinated By & £ilo mark. Yhen ¥ELT nsks

BOLY

a response of Y23 will coause the next file on Deehk 2 to be vea
MO CEECH 5 HADT D EER THAT THE CORBACT TaABRR Eﬁé EUEN LOADED.

Fopponse gauses MSLE Yo agsame that oll polinting evieoys arve ze
» and the pointing gieplay will later coniain the nomi

1

getvings. Next, the numbers of

. N - )
A 10S. fL U0 B) P 2,3,4

AL Pl RN o b1 b S £ D st

¥ ;
indleantes that ¢ ALAIES, YEHTEO, and JEPIED are iu USH. {(Fhis L

in vned only to eontrol the display of yecdout geitings; it is
tire chaunels heinn gammlied.’

HELY then gsis for the baseline data:

d.
)

ro;

nal

{CAUTION:

Any other

the fepe is

aadoul

re antennas beling used are entered, e.g.,

Pordation

indepoudent of

e L
n this psd many othsy prograns, it will be convenicnt *o mumber the antennas
1 thru a. I shall refer to these ag the 'avaunna numbers’, and to the corrvesponding

sers 1,2,3,7,10 as "anteonna position nunbers"”., Noite alsgo
wmest eonve a;mnnly nuniered @ thxn € in tho software.

that

the charnels sre
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-1

BASELEN B PARAMETRE HHTHY. TAYRY

A YEY response indicaies that the data iz in the noxt file on Deck
other wrespoage carses a nrompt for keyhoard entyxy of the baselipes. The
onerator thea t?;es cne line for each channel to Be sanpled, giving the
channel nunber (0~8), 8=, 8y, and 8z {= Bz, By, Bz of C¢iimt 418, ». 3}. The
iast line must be terainated by a zevo {don't foxge? thisty., Xf the tapo is

2 HeaR .
usced, thr infeormatior is in ASCII form with thig zane format. The b

LE

-
£F

3

F

data is writien on the output tape and/ar the iine printer vhen it is anteced.
Th

e channel numbore and beaselines may b

s entered in any order; tha order

in wihlch they ave enierved is the ocrder in L'“cn the channels will W

n]

sompind.

in ngdition, the boscline of the Lixst chanmel eatered affects the integration

tima: on integral murboer of Iringes on this chamnel is always accumalatoed

Tharafore, the £irpt channel should pormally ke the ene with the shovtest baooe

Tine (furiher discus: is piven bolow under Integration Vime" ).

[T —————

Finally, the bageline of Lbo last channel entered ig used o comnate e dalay
Live seittiags; singe ail of the baselines are very nearly collinear, it chould
normalily malke Little difderence which chuﬂpﬂi is entered last.

NZL% next pronpts tThe opersior fow th@ delay ofifset, in uniis of the
pitched~delay incraueﬂt;'norﬂM1ﬁy, this is set to zero:

S HU S O

SEIAY

S AR

3. Sourece gata. The nene of the First scurge to be observed and it

vight asc2usion and declinaiion of date are enterad pext. Up to 10 characters

b

way e used for the pource neme. {(The zource belug obeerved may be changed at

any later time by glving an eppropriate coanand to WALI.) VWihenever new souwue

el

is entesnd, 1t is writien on the outpst tape and/or the line printer.

dnid »EI:\’::} R

SO4GL

[t |

DACLENATICA

b AT A BT

38,539,51.3

B =

4@ Tl‘ue’”“‘

Al

FELY next prompis the operator Lor the appwm

s

tive, in minutes, STeiniier ountput gamples will be apeumuiatod

each estivete of the complex vicibilities. We rvefer to ench such iate

i - " 5 3 e 1
an “integration” and to a sewies of guccessive integrations e a  rum he

T b e S iy 4 P

Currently, a tope is wailndained in the taﬁe Library witpn the lotest pointing
doto en Files L and 2,

basod oo surveyinm, ave given in

&nd baselld

[ vy b, gy
ively. Annron

mace base veetorg,
ARy uha;“v.r_onc indicnte

these huuuzxuc ara in o rvor by a?p“cfamﬁLo?v X on channel 9, and urOuoriﬂonabo Ly
e
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length of the integraticn period may be chonged at any later time by an

speropriaste comunand to NELY. Exarnple:

INTEGRATEON

alr Iﬂ” avb

In ¢hooglng an integration time, the opsrater should take into aceount
the following:

{a}. The actual lIntegration time will alwayvs be slightly longey then the
vaive enterod: the program integrpies for whatever additional tire in nesded
in orger o make the change in path difference on the fivst chunuel eguai to
an integral number of wavelengths [integral number of fringes). Novmally,
this will resuli in an integral path 4lfference ehange o all channeise. Thig
is neccssary in order to mninimize exvors in the comulex vigibility estimaﬁes;g

The maximom additional integration time les given approximately by

At o= 137518 cos & cos k seconds
b3

whore £ 1s the baeeline length for the first chaunel, in wavelongths. Thug,

for antensas I zod 2 or 2 and 3,

(h3 Yery long integrations, cepecially on sirong gignals, may resuli in
floating point undexliow in adding data samples to the zceumuintors. I g1l
10 chevoals are Lelng sawpled, this should net oceur unless the integration

tire encavde 50 minutes. 2ut 1T only cne channel is being sampled, it 4

in integrations ag short as 5 miautes.
et dntegrations say prevent 10 houvrs of date Lfrom £its

on a 30-Toot cansette teope (the lougest available). Ten heurs oFf S-ninuie

BHCBIVE WO INDICATION IF THE BRD OF THE

{¢y Pointing evrors oan bhe computed conly betwaa iuntegrations. Thus,
frecuszat updeting ol the peinting is vequired, s short intes yratien tine
ig favered.

. Compands. NBLE will pext promut the copersior for s cowsand. Yren

this point op, Cporation of the program pioceeds according to comuends given
by the onarator. A liat of the valid commands snd their offocte is givesn i

Table ©'. . Only the first two characters of each command are meapingful to NELYI.
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During integrations, no other Operetions can he performed and no commonds
can be given. However, it is nossible to force immedinte termination of thoe
current integratlion by turniag on Switek 6. In this case, the actual
termination time will appeor in the output; but large ervers may be Brosont

in the visibiiity estimates, espas ?1; if the integration time vas very short.

6. Quipnts. HWULT makos use of thyee output devices: DICOM Oack 4, the

iine printer, and the Hazeltine (8T dig play (the latter ip duplicated on ths

TV moniter shove the R.A. readout pancll.
{a} 61?_;;m§1a3. The uppermost 8 lines of the screen ave reserved fow
the display of ocuitnuil data a; the remwainder 0% the soveen isg Useq for imteraction
with the cperator. The left~land side of the res served ares displays the
declination and righit ascensicn readout settings for each of the avtennas ia
uze, for the gource position currently in effect, and for the most ¢

&
computaiion of the pointing errovas. e righi-hend side of the rveserves area

Gleplays the resulis »f the most recent intesratiocn: arelitude and phase estimtoes
& i 4

Tor gach channel o cnpled, and the average {"d.e.” ¥ output of tho eorre asponding

P

meitiplicy.

tudes, vhases, and d.c. values aco printed for

ave nrinted fox each channel uoct smmpled. Also
printed Yor each integration are tho serial numbey aud the bevlga%nw and endlog
hour snelea.

Self-emplanniory Line printoy output clsc oocurs whenaver source
ecordinaios, bapeline vectors, Lomnents, L.G. Lips mEasurenents, sy gala
mpasurexanis ave envered, provided that the PRIWH option is in effant.

{e)
Adivided
outnt <

it ccnﬁains. WELE zupports seven typos of dpooras, as listed in Table ¥¥.

written on the tape in Dinazy form. It is
where one record is writion fov each
5

=

2% pecording to the Lype of da

i recoxd is

The first word of cach lozlcal recowd ig the type code -~ simnly an intece

=
- -

By

frem L Yo 7. The second word of each logical vecoxd is the number of words it

coniaing (ineludizg the fiugs twoj. In principle, = ingleal vecord can be of

auy length; however, physleal roconds on the tapa have o mazivan leugth of 60

LT R e i

werde. Thus, a logizal rosord nay consipsgt of more thon ono physicnl record.

Thio is of councewn to auy progreans walch later »ead the tape. (n cubreutine
called RDATA is available for roading NELY data tapes. If it is "seJ the

progravaer need not ho concerned about tha Tops fermat. BDATA will Be deseribod

,.-

g separate GLint.) The full conient of cach type of recevd written By WELI

e gi?&a in Tahkle-i7

! TV

el g et 1 o g

R T Y S R P S R PO, B
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{d) Fommalization. TFor all output wmedia, visibilities and d.c. values

are given in unlip of counts on the Beokran acewmutator. The d.o. walud 5 dnde]

=
Ehivd fle T eSS axros

e

Ly

qual to the average number of counts for all gn: les tokon on the eorr espanding

channeld. Visihllity amplitudes avae egual o Ball? the weak amplitude in counis

i the ¥

55 sinugeid fitting tke smaples taken on the corvesponding channel,

Complex visibilities are digplayed in pola form o the printer and $RT, and

wrltton in roctenguliay form o on the toapo; the nommalisetion 4o

he zame in

e

toth cases. Phases arve given in cycles {fxinges), so ihat they are aluays in

the zauge 0.0 to .03, For a fiven chrunel, the resuliant complexn vieibility

vied or the

=

estinate is independoat of the number of cehaunels being

ot

integration time, ozesplt for the effects of neise.
CAUTION: If the numbor of counts in the accunilator veaches 008 in a
gemple period, theh the VIOAR voliage-to=frogquoncy converter ig gaturated.

Thus, d.oe. values in the vicin Lty of %2090 nre an indication of difificultys

in fact, one should a?vavs have
lae | + 12, ] < 2000 .

- i % - i P e b - Ga s &
Large dug. valtes noy indicote stvone inte foeronse, poriicudarly i€ it is &

wubinid

agtrong function of the deiny line getting, It may alse iandicate inbalencs in
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TABLE I - X

L BEGIW Restart the progran from the beginning. ALL inforaa

AR NT Allowz typing in one line of commenis, up o 70
o' J & b ® i
characters; the text ls written on the tape and/or line
L &
priator.
SEOURCH Allows eutering data for a new source. Appropriats
Y L - i
provipsts ere given, Source record written on tape and/or
&
printeyr.
BASELINE Allows changing the c¢hannels and baseline paramsters.
<r J

Baseline record written on tape and/or printer.

-

ITINE &1lows changing the integration time.
BPOINT Copuzes compuiation of the readout settings for the

eurcent sidereal time, and updating of the reserved axez

of the scrozn.

G Couses ong integration to he accumulated, beginning
inmedintely. Data record written on tape and/or arinter.
A%t the ond, readout zotiings are re-computed and the

seresn s upduted.

RUL Catucsg conseautive integraticns to be ascumtlated, besginping

iwazdiately. At end of each, data rﬁcgrd ig written oun
tapse anﬁfor pricter; screen is updoted with unew printing;
pndd, 374 Switeh 1 ls OFF, ancibar integration is initisted.
Sultelr L O causes return to Command Mode.

vIlows entry of loczl oscillator vefervence line lengtih

]
LE
e

meastroneats,. Anpropriate prompts given. - L.U. recoxd

(. ' : wiitien on tape :;,Iae's,/or printenr. ’

(AT Allows entry of recelver gain neasurcments; similapy to 10.




DRLAY
NERINT

PRI

P

RS

P

Bupprasses all lins printer outhut.

Resunes line prinjer output, if printer cutput is

curren tly supprensed.

Writes end-of«ille mark on output tape {Deck 3, if wo
auntpul tape ls seing writien, this compand is igw&réd;
Cravges execution of a user-gupplilied subrouvtine nemnald

SPECL.  In the stendard vergion of NELY, EPECL is 2 dunsny
prograv. This compand alinws preparation of specisl versions

of WALE with sddlticnal capastilities.

“wrminates the program, and executes the Systen loader.
HOF ip not wirdliten on the cuiput tepe.




SCOND TY

Header

Basellnes

Bource

Dats

L.0O. line

Comment

F&mcc*"

Ho

talke Un o

Giinl o, Alu-]

f(-'
-z‘,}r thr.-' 1 &

TABLE 1Y - OUWHUT TAPE FOLMATH

e . COBE MO, WOEDS
i a4 PNDEY, DAty

ki Tie NO+2 (ICCE), SR 13,6V (1), 02{T)
3 13 FAME, DRC, BA

4 TERCLT KSER,T1, T2,

(ICCEY FREALLT )  FIMEG(IY

I=1,1C)

tﬂz
b
S

& TEEE, X1 ,X2,%3, X4, 15

&4 L4 FTIME,GY,0G2,G3,04,0%

=3

2 LYHE

Note that floating peint numbers tske up two words, :

1A

nes I?Eﬁ“,NAMQ, and LINE contain 2 charactors per wore.

?, i d » J Y - x> D
Contanis are given in the form of a FORTRANW output .is

?arir dles used hers, with their dimensions if they ar: srinys. are:

RiZoo . number of chennels being sampled

ITEED{20) ... header text, 40 characters

. PR

, e T g AN

DTILY,
)
integsra

-
w e

DATE ... Tivating-polnt date code: YX.0DD {e.g., 72.082)

IC{10) ... channel numbers, in order of sampliy

oy

SREEDY,BY(L107,82%(10} ... bassline vectors
HAMECSY ... source name

DEC ... deciination, radians

RA ... right pacension, redliens

HSEE ... serisl npombesr

PiT2 .00 starting end ending siderenl tlngs, radians
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sstimpies
A1 K2, ete. ... l.o. line meggurements (= ~1.0 if ao duta

was entared) . ;

GL,02, ete. ..o Yegelver galn peasurepents (ns sbova)

LINEC3EY ... comment tewt, 70 characters

£55




1, 475-13 i

TEY. IROCHAIEIING BETALLS ?
it ig agsuned in this gecilon thav the :
progremuay, and that the cperation of ithe program can fox the most part be |
understoca from the 2iow chovis (Figs. 2 thru 4); the list of zosprograns ;
i

{Table IV, which imcludee il FORRDALN-coliliable non-library programs and sope f

of the libveyy programs uveed): and the Listinge o the scurce code {(Seoticn 5

1¥), the laotier heing fairly well comwented. The discussion E
then, 1s limited to a few'spacial solnts whlch denand moexe ded E
1. Iogical Rlags. Several ilapge aze ssed to contydl bhrancii E

main prozram. They are EPRIN, EIAME, ERUN, and XEWOH. Bach may bp thougbht of ;
a3 & inglcal vaviesble with TRIB.=<% , FALSE.= 0, ‘FThe fixsgt two indiente which é
|

ocutput dovices ave ir use. KAUN i3 IRUR if the program is ir "run" mode. HEWCH
ig zet TAUE when certain geciliong of the program pnre entared {e.z., the dlapley
ﬁpﬁate? lines 5853-684) wnlezs they ave oatered vin the command interproter.
This allows inwline swesuiion of the progran segment, and alse oxecution io
TEABONGS B0 8 eormand, afier vhilek gcentyol returts to the comnsnd interprober.

2. Yinearized ghass Botimation of fas conplex vigibhiiily in

each elyanel recoirves mowiledese of the interferonetey shese ¢ = 40P, where »

iz the path 4ifd lengths, ot whigh esach sanple is faken. P Is
corputed fow the curvently cintered sousrce poasition, which iz szsumed €9 be 4df

the center of the field of

The phagse @  is then e

the o plex vwigibility €or & polst powrce at thal sosition. o gewerval, wo
have
-4 - 2
P, =8 -8 b
i 1
g -~ . ’ o
wharz 5 ig s vnll vector in the scurce divection and S, 2s the baseline

veatoy for the i«th channel. Howvever, the cosmputstion of s(a@ regulres

gia b sad eos b e high precision; use ol the Hewletl-Packard SIV and {08

fuacticns {vhich are slow) mrecludss malking this compunistion for each sanple

Aecordinzly, a linearization of P '&} ig perfowvs

P, {h 4 }"j} s omg » A4 d’t';‘f?. ; B o= .!.r 6a s iz {,I:‘:,‘.

i 1o i ulise

wiiare A = 20 msae piivp dntervall, b 48 Bhe kouy angle of the first
o
earple, an Ik 1z the sampie ntuber. The linearization rasulis in an arzor
" . - - *
in P, vhich will hwve zero mean ang siniomo vaviagnee over B = 1, ..y a&¢v it
A

o r— I v

i = ; L% T i - . .
Tie remavks in Glint 418, p. 6 do pob apply: that digeussion assnnes
. =T (b }, which is mot tie best cholce.
it o

10




1
1 o {h Y g
io & A hf)

o ]
PiJﬁ}

The caleoulaticon ig illesteated in Pig. L. IT ig c¢arried ouw: ik lings

206-280 of HELL 2.

ACTYAL PATH dlrregeiie
ha
o

LANEARIIATIOHL

FATH DIFEERENCE P
5o
!
t

"“r-..;\ | Ve 't t;aﬁ,.n?_é.fz_ h‘b L Konane ;.7.

HoUR ANGLE 4
Fig., 1. DLinesrvigstion of Phase Prediction
Feep the ».@.8. error snall vhils allowlps mominum freedom
;,m,r:,;':nr Lion time, each intepratiocn ig brelen up inte sub-
approginately 1 minute cach, and sanniing is

the linearvizatlion 'ﬂ}
o

G0%. The rogic for ths sub-integrat!

to be va-compated,

coptaznat in lipes 1057

¥iully, a corvestion is wmade to ¥, time vegitired to seviomn

10
iz called {(linn 203}, ailowiag

.o o 4 L | . PR ] QR 4 - Te sy afm o
e urisasion galevlations. Sabroubing

s 3 PR : ¢ v 5 2 i
3 to cccur on i0 chapnel 10 evexy 20 mzee; these are counted to determine
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5/23 /72

( the time used by the caleulation, and the appropriate corvection is anplied
. ftlirves 228-259%., Iutery ite are termiratod Dy FINAE ilae 529

-1 imd b
3.

S

Az ghown elsevhere,” estimaticn of o

glnugold in the preser is most efficient LT an integral vusber of
ecyecles s chsswved,  Accorgd dingly, each of the gub-integvations is pade 1o ilsei
for sn integial nuwmhoer of Iringes on the fire! chanpel {aﬁsuueé'ta have the
shortest baselins and hence the slovest frinpesy.  Each Jubwinﬂcwwﬂiaua ie
somewint longer then I mioule; enouzh additional sauples ave taker ss taant

the ehauge in path gdifference on the flyst chennel is an integral numher of
vavelongthe. This ig aceomplished in lipne 935,

£, Saupling and visibility vigibility in n gh

choonel for oach intes LMaLnﬁ in
o

= '\

‘

Re ¥ 4J d cos ¢,
& 4:3 ;
qﬁ e

g

N

1 form,
ROY
b=
e

- im ¥ o= e 0s 4. sin ) «.

, ;
N i 3

m.odel ¥
a8 :
0 : : 3 a1 1 ; ' :
g whora H_  is the nunter of samples takez on the chanpel i Juastiop . L
wed ol s
o = ] - ; .
m-ﬂ _ the acousulator resding fop the i~th sauple on th
5 ow .
ﬁ'g comprted phase of that chonnel gt the time of the
L - .
g o minlaur wean uglars errer estimate.
2 g Trha powpling and dota accunulation is contvolied by cubroutine INOP,
o .
g4 T sine and cosine compuistions ave perfovmsd by o table~lockup ang
6 @ . . _
s 5 interpsiation veuting written in aggenhly languzre apd calied thirsnsiy
&
Q l T =y v ”yn. £ L . - - L3
o B gubroutine VINIB. The scouraey of the Sines a3d coslues ig § o 6 deecimal
i !
6o ) _ ” = : . ; ;
b = places. The tahlo-look L8 vged in orlew Yo obiain oulficlent speed;
o .
i the coonracy is pure 2l
-a \ "
. r‘" v . aw -
& E 2 &. Peinting ao Hubroutine POIUT returas the pointing ervors
LU I T NI S = i e
R e , . ) .
8 @ for o given hour zaglo, i, abt antenna by evaluating a sinpls funotion
g e %
o . s 3
ﬁ E [ &0 bouw angle and deglinaticn, The pointing errovs are convertod
e o
£ 3. 0% . s e o . = .
i g auttings P by subrounine DEBLY. Fresentiv, +<he function
e A [ — » = '
ﬁ(m o evaluated by TOISY containg € peramoters for each coordinabs of each antenna; |
4 P ‘.
m (3 [} #1 b 3 fs. i
.t g howsver, space is allocated far tp Lo 10 purameters each, yor a totsl of 100 :

J"( 1
] N Y 13
,‘Qz Pleating point nuwbers. The 9 parameteys ave coefficients by whrieh teinms of
B oud L

the fom flﬂﬁﬁfth) are linearly cosbined, where flﬁfz 2 Jsin, cog, 1.0 .
The pareneters are road in from pDesk “oin hinary form.
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. Enley Point a'r
oot T Mot -

CHONT, A Couses the muii

Lpierer given chanuel.

CHIOE A Checlis that the soppling loop is fast enough; i nok,
hold oeccours with {11) = 102070 B

COURT

DOLAY

=

Counts interrunie on 1ﬁa chanmel 1C¢ B for tinding puiposey.

o

Sata the delsy lines.

RILER A Offgets delay lines by a glven nusber of delay tnits by
changing a congiont in DEIAY.

DEPLY I Updates reservad arep of CRU: calls POIRT.

FIWIS A Teminales interyupts on IﬁD channel 10 B,

CLAGP F o odcounnistes speeificd npunber 22 dala samanles from tho

1?& channels, along with thely products with sin ¢

and con ¢, while maintaining corvect delay live getting.

.
"‘d

POINe L. Ioods poiating dota from bisary tope in Deck 2.

2. Computes pelniing errors for glven 555 &F and antanna.

m

SPICL ¥ Dummy youtine to allow addition of gpecial fanobicas.

) areny A Initiptes 19 1.

Vigip & Given path difforance P and dats ganple d, returns

d cos 292 angd 4 gin 24P,

Likraxy Progvara:
sl L T Rt
H¥E fmigy ¥ Hours fdex.), mia., sec. frow zodisng.
RAUH RADTY) ¥ RAeGizng from hQovys {deg.), minvies, snd zeconde
CEANTR, A Heads sidoreal cloal; ses Glint 413
FOMND A Interpreta a Z-chacactoy comuand by finding its location in

a list of valid comuanda,

&, inzerts o bBlank line on CFD gsorcen: zee Glipt 454,
BINED & Initiates a binavy tape read operation; GQlint 443,

mor A Chacks vhather BOF nark waa sord on lagt binary fane »oad

2]

poraticny Clint

IV L e

Iﬁh"uar;a in tvm.t.. s gubprogran iz weltien:
o= it
ﬁ. =

4
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SLINT

™ g
Fay 28,

A promram, PREC, Tor reducing o 1830.0 scurce position to apsarent

4 x L]
postbion of date has been added o the IHTELE

v

BOIDITER syatews tape.

PR is capable of processing pav subaet of o gourcs ecatnlog on tape.’

Alternatively, source names and -850.0 poglticns can be entered throusd
the Hazmeltine keybonrd. PRED can oiso boe used to crespte vszer sourcoe
catnloge. L eataleog containing the standerd colibraiors ocsn be found
o the PARAMIITERS tape.

The previgus precesgion progreon, weitten for the [ J60, uzad
dowtile precision to caleulate the geneval piccessional cosstants and to

Zolva thd rlporods nrocens!

evaiiaate a segond ¢ erpansion

Precaessional constants are gio

5

and are suitable fop reduction

Yaty L, 1372 throuch Juns

»

L ¥ Yy e e L S T PN e P R O e R - - 33 2 .
35, ABB0,  Detoills of progran esleaiotions san be fownd in the Aapend

-
. i

EET T AR T T £ PR P
along with cennents on oooivasy.

A 4 Fy T el - g Ak e T P,
Lo establlished in the opening dialopue.

o
o
@
cr
s
£

r
i
hot ]
&
o

=

o
i
[

T I L, .
L AORE ToLiovant

ii-enplonatery: exseptlions ars euplained below,

af the wodo

L “ et ¥
Hey BOUSCE
sy b

valid rsspouo:

- e i =1 < - -~ Ty . o . g 5 - -1
snbered {chainiag vames on g single line is not

. B
- s e sy £ resd e T 3 :
L Lo . /B is mipater of such o Ligt. Tho prosran will search
=1 1 oy e f Y omvtr " e - - o : . . - o
ENG calallog 24 Precess any SOUrss wAcse ke Ls on the iuput list.  Fo

oy Ty L TS o EE - A PPN S L B, LT T, - 3up n; s e A )
Poinput of o name oot ia the catalog ox by nultiple

SoUTGs nE

{nil such entries will be

{ a source tane
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i i

an end of Tile mark {40 be writiten. In vesponse 4o COMmAY, the uger
ig allowed 40 chavecieors.

inters e end of ¥ile while reading a

Vhen DPREC an

0
bt
o
9
o
3
r:
G
&
a
J'\
\"J
i
‘J
)
a
o
4.&
?'.:
o,

or when a /B is recrived ir either of

be prempted for braaching instructions. Hs can cheose to etop cxeuution
B

=
2
-5
o3
L

i e o 2 " s s .
Ef the sace day option is cha"“n ¢ay numbers and sguation
of eguinoxes will net nesd to lLe re-entorad. A

i a reud error oceurs while seavehing the source aatolog, = ké““ﬂ

the bad record ox to

g-initialize the program o the samne dnw o fo g new day.

o

Hincellanaons commenta: ip ros

1“8 @ prefix.

Intependent day nunbere are found on w309

g, T — ST | o % < = . o i Eh ) :
e end are anterad ©  througk j . in ordor with spaces (0T compas)

Yo

grgns eoxrveot. TFor days Jen. 1 thrpugh July 2 day numbers in the
ne L

Wihererly are

ek

eoinning of tropical year; for July
through Deconber 31 they are refevenced 4o the end of trooical

Yoo July 1 and 2, wvalues vefevencsd %o

apleal year n

sed (thig o atl? o has ‘Buolameris ot the Pield Sitﬂ}.

Negatiy @O“ji“aT4f soonid Be eatered as -DD ~FY ~83 28 with the on-

Linag progrem.  Hosleric data is

)
e} com khum} are weod boday AEC0IY format. | Souss

satly, when us vnv

i
8 soiree crialiom. poures nanes wist be envered exactly s they ap"aar

A souros setoloy 18 an ARCIT Pile sa i1 czn be modd

with Gthe WD

aditor LF

SREFOS

reaulred. It could also e treateod with g WRITH command in

ip_ba ohgerved., PREC reads the aztalog

uncer Lne

CHAME, BB O RS) DD DM, B ITEED

-.00 j

13,138,76.3,14,34,M6.2,%, 2082

.I-’-

A listing of the ecalibysior scusce entolog is included in the

gocuzsntation at the end of this €lint. It is expected that multiple

entries will be clininated as the bzot posilion of each souree is conilrmed.




Redicoion of a 1L8592.0

Glipt No. 5
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Tt
i)

sesition to ent nosition of date is 2

two-styy pracedure in which the 1850.0 wosltion la fivet precsssad o

the menn position at the n:

e s avs usoed

off dnte. It is

shown in

tropical yeaxr. Thea, day

to reduce the wmaan

wgosition

Voolapd aord Clemence, gSpherical A.-,u'unan;,

Acanenlic Press, L8506, Ch. 12, that for tines nroceeding the encen

IELG.0 the rigorn

tan[(Xd -~ & 3
T

ug formulae fox veoduction to mesn pogition axe

¢ sin{d 4+ &)
= » - o — - =~ :‘
F o 3] o s

¢
=
O

1
tanl- & pees 0 w 23 G o B =3 ]
Lar e 0 <0 Y ,..-...ﬁ..q.,_il_.;.\m..:wia_’ln.w«.u ..-___\.m,_,..m.._w..ﬂ to ) »

a7 O

¢ Tor redustion to i

1 4y e (o R i B Vs S PR
imes after tho enoch the subztitae
&1 . T oemy oz o7 =L B« w8, witn n et id :
2 5 = 4 L s oaisad g - Jhrow o
e, 3 ¥ ep? « Wit ochese suRstitutions, a socond order
vialda: :

%}
L
fl
Q
i
h

H
s

&

i
o
s
]
L2

]
&
o4
=
Lo

a

ang

year hooa ave
3 W Gy e
. congtants to 1960

emeris znd are

o]
=]
i‘-’l'

nroxinate

A o Bi = .z}
-
- _ 2 3
) ain zr.;f - :__»l} ',.-,3-3'";3 €1>
5 & '
a9 5 i g T £
2L = m o~ = minT (X - z) tan O (2)

expressicns, (O 0 3} is the 1950.0 pogition

2rol precessionzl esnstanss for the tropical. year in

Lz the nean positlon at the Of the ropical
the couations iwpleowonted it 2REG.  The precessional

1 1

L3 owere ebtained the Hxpla

It

£ron matory Suppleiont to the

stored in the program.

1 - g'cosd o+ 8§ ) ' %
0




.

t Ho. 5244

Tor refuciion of thesge mean pos?

Z & o - 3 % . - .
G o f +gesin(G.+ ¢ ) tan 0 4+ h sin(B 4+ O ) sec & ]

; g Ry v ' 4 .
& =€’ 4 g cos(t 4+ 0) + b cos{B +¢') sin b’ + & cosd’ (4}

wh £, g, ¢, b, ¥ and 1 pre independent day nuwbers. ¥, g and @

gire reduction for precevsion and vuistien. h, M and i give feducﬁion
fny aberration. IDVBGPQ lent day nuniexs are used in place of Besgelian
iay numbers as Levwa}a& with the latter involve addgitional yearly :
cengtants which ecould not be found past 1974.7 in any convenient tables.
It ie possible to uvse second order day nus

i
caleulations, but this is couplicatoed as the counstants

neorost beginging of'y heso

gorsecltiong are

tions {1} ond (8) is of interest since somsz

The accuiacy

tesms inelude ‘ten 87 ﬁ < A07 == (CGR ragian ¥or the remainder of this

thivd oydepr bers will

— 3 ; -8 ; . y
cociiicient of this ternm containg tolh DY it will have a mapgnitude
oy P - i s s v ) - oy . v o
arevnd €00 . In equation (2) for fhe sane doclinntion, the magnil
2 ) i

the gseeonnd ordexr teim is iegs ik

noe grastoer
tho rlgorous

pucposes, if

Zy intreduced in

coupitation,

To eheck these eonclusiona, the stgudard calibyator list was

e

procegses te 60173 using PREC and che 3580 progran.  In the vast

majovity of coses. the resuiles agresd exactly o hundredths of a second

in right ascension and Lo tenths of an are gecond in declinaiion, Wonrsi

L *a

s . . . o . 2 g
eries wors & 0,007 in »ipht ascension snd + .17 in declinastion. This
i

2 15

: * bl o - = 3 2 '»--'O "
inciudes 3¢ 309.1 et a declination of o' 727 and xight gseonsiosn of = 15,




Thie aunor interds to com resuits at o kigher declination;
however, fex the regilous of the sky we are oo zrently obooxving there
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Putting the daia sanpiing inta the background required coding 1]1

of the computaitions needed o process eneh samle in aggembly language.

The necessarily long and complicated moutine was written by Joha

Grebenkenper, who therefore should be creditcd with naking pessibis the

mpajer advances incoyporated in T

2. He alzo helped immeasurably wiih

=y

. L . . 4
whe dﬁbu{ Ing of the entire 1,0 systen recded to ‘allow a multitude of

sinvitencous epevations without kanpgups. .

FEATURER

1. IzluzaKLMLicoﬁ Praose (Povi I). When the program is lvaded, the

&

operatoxr is weguirvesd to enter certain inforpation in response to prompts .y

Thase shoald be self-explanstory, The promst "swon-stondavd Chann

allows the operatox to inform the program if any multiplisr is comnecied

antenans. . 17 only ¢he sitandard chssnels will

be used, just ponse o this sromnt.

"hae phoge

T

~&  chockeun errer

=2 endroi-tape

¢ end-ei-{ile sucountered wacn not erxscated

The aperaior will be asked whether he wishes an

At

prodiuced. ¥ YOE ., e oust then pisecs
gek J. Spaeial s will bes kernt on hand for this u plarpose

{see labelied tapes, below). The program will auwicmatlcally pesition

availandle file and will writo

twe records {(Loader and varaveters) on the now ¥ile. IF tie tape label
cannct be resd correctly, a message is piven and the promgt veneatod;
the cperolos noy iusevt another tape, or regusot that mo tape be written,

or iy again

When the beoder informatiocn i5

printed on the 1irs printer. The printer must He on and selected ot

thals point, although printing way later bhe supprossed by a command.




( : ‘
. Pingllly, the anin phase (Paprt 1) ot

This is necessary bocauze the initislipati

]

routines carnvol all fiif in core ot once.

2. Commanda. i

P i e e

&t lire 11 oo the CLT indicates that NELI

-

The valld cermiuds sre listed in ”r£1c i.

charecters ave examiped by the program to

bBaen given; bowevewy, udny of the conmands

parsreters, which must follow the cex vanﬂ
pararcters are in Hewieti~Packayd free-fie

LA

Mapupl, p. 7-38). ALl of the parascbeors a

the progrmm is leaded, so that aons of the

unless, non-d 1t valueg are desived; tho

dowever, whenever g eammaad is

3
=
o
st
o
=]
Pl
A}

iiity data is aLLOWa
reasured local oscillstor refg
using the zeasuxcments last entored by the

if none hag besn enteredl.

When the main phase is

Ge }. h Lheat ‘.u‘}*\
ranes line. loapths

'The ccrracﬁiﬁn-

Glint Mo. 323-3
5/31/13

WELIZ is loadad Jrom Jeck 1.

on foutines aad the observing

loadeﬁ, the prompt "S>

T
wn

5 yeady to accept a commund.
Cnly the fivst two:

d

ernine which command hos

reqdﬁre one ox moere “'mc“apal
on .'i:E'.le gzme Line.  The

1d format {(eze H~P Fortran

re get to defavlt values mhon
S0 qumquds nocd he g;veg
dotaulis are given in

given, its entive parameten

1} At 1:}3«:-:' end of each
tL\:;J.f‘_y corrected fox

cang receivnr%ﬁa;ns,
operator (or the defavlite

reduce the dote to the

ctan&arﬁ zain of 10G.0C unitas and the standarsd Iiva lenpgth of 0,0,

The raguired cowmsulstion is earriced out

saempling 7or the next ilantegration €i? any)

simeitaoneocusly with deta

s that no observing time

ig igat. 7o abisin the re Wts of fhis compuistion, the operaltor musg
set ,1e t¢y ievel un&for priater lavel i(see Tovie 1) to L or 2; the
s k b ; / ’ 3

cﬂw"r'ted o q.wl.“ ilyz e wr-c:c& on 1hﬂ
re;-it;;'e.;:ﬂ'?f" vy fol 1: Aiing i.u.m Lm‘ef" raoted dal

P‘g-‘:\.
A b

&

Tke corrected data may then ke calibr
it witl

visibility “rom the

bt

viglbllity obtained fron a series of obsger

sourcz. U9 accowplish thie, the calilration scurce must ba

CALIBRATE" commentd; this

atest integration to the ave

Lapa a'cm/er Lins printer,

o Table LV, Outout

14

4 {eee a

ated by the on~ iipe progvam;
?

compiite Yor sozh channel the conplex-ratic of the edrreeidd

correctod

vations of a calibration
chaarved

cauges the corvected

e B S




.F"\

T

visibkilitles to be added to a "ealibration baffer”" in sove, in asddition
to asinb wititton on the tape anﬁfgr printer. Thereafter following sach
intagration taken aader the "GO or "piW" commond, the esmplex ratio
of the corrvected visibilitioszs to those in thoe calibration buffer will
be conputed €(the vesult is also paltipilied by the nuaber of calibrator

intecyations, 8o that in effect the av

integrations &s used), To cbtain ibe results of this computation, “he

opLeE Tor augth

i

tho tape level and/ow prisier Level to 2 (sec Teble
ané Table IV},

4. Labeled tares. In ovder to wminimize tape use, to provide

aretectlon of osutpul data from operator evrors, mnd te allow the
orizinal output tapes to b2 retained ge avchives of all observaticns

a gyetem of mapnoetlceally labeled topss Ras heern devisced. £ labeled

tap2 is simsly ope ir which the first file, called the lebei, hzs &
gpaclal forast. The lakel conntains 2 recovids
Record i, word Li Humboer of data files on the tape

word 23 Rape sev.al aumbesn

word 3: Chacolisum = {word L3 + fword 23

€5

Navord &

an

23 woras oF Junk: way eontaian parity eryors.

The filee followiug the label are ca2llied daia 1%L Wisn the sutpat
tape is loaded, IMBL: vezdg tbhe Label to gee ww many data filssz sre
already thewey 11 Lhen reewrites reuord 1 of fthe label with tho nurbhoe

of deta files incevemented by 1L, re-reads the Laliwl to be sumae it ig

i

covrect, opd finzlly ships to e beginalng of the pow duta f£ile zhout o
ke created. A rew labeled tepe wmay be created from a blunk tane by Zhs
utility program L&B?L; the nerber ¢f deta £iles iz then st to zero.

Os ARYToE “ohuw cug and mesgngos £1L o the veseages and eyror

corditions can cecelty, or at leszst 21l those I ean think of, have

heea ezpiaiaed ln Tablie 11X

meters, The G6-term phase functicn of

bt

6. Phage and

aliat 422 and the ld-term polnting Feoeticon {8 hewvr angle, 6 declination)
of Glint 5087 have Bzon implenentzd as of 1L June 29%3. The coefficizonts
of t““ furetions nye read in fvom the "parameters” tape in Deck 2
durire the ipnitislizatlion phese. Ther are written on the cutput tape
as the second record of the file. Spacs has heen provided for 125

floatinp-point narameters, with 100 being usoo in the present version.




The parameier tape for

along with the func to viiich

eF
b
bt
o
0
o

cazh coefiicient eorrespondg, is given in Toble V.

@
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TABLE I ~ NELL CONMAWES

b 4
Comaend’ Parameters
n,n,e 4,m,s Coordinates u? date fox source to be
cheevved Bogt.
m Reset integrating tiwe to nm minutes.
Iy, 1,8 Wait until this LT pefore ﬁle“uting'tha
5 pvext CGO,RUNM, or CALIDRATE comnang.
BEnT ,m, s axit from BUY oz AL mode at end of
4 integratton ip progyess at thig IST.
AR n Reset tape lavel: 0 = no cor oF cal I2COYaS

i cor roecovds
2 = cor & ¢enl reoords

il

PRI o1 Reset printer iLevel: =1 = no print
y 3,1,% = game as tape lovels

DRLA=" el feset delay ofiipet. no. of delay units

(28] Takze one iatezralicon

BUH - Tale suitipl: integraticns

CALIBRETE RUM -and adeé data e calisration pulfey

AR Yero the calibeaticon buffex (it is laitially
' Zono} '

grae _ B=mit or OAY, mode at end of ourrent

intagration
AEGR! Terninate dota tshing imvsdiately) 4o pot
3 reoord anvibhing
i VoV Vo VeV Enter 10 live lenpgth dota

" S = 3 % 5
GaTE vl,?z,vsrvé;vs Entoxr receiver gain data.
text - ) Enter a connent; 70 chavacters including

the comaand "COEIENTY, ave recorvded
FOLE e tpdate the peiniting dicplay .

en status word and reeand
! an tape 11 tape is in

B
ugal.

% : .
FLOW Plot integreted brightnese on ORE using
latest czliilrated data
/3 Write BOT on output tape {if u'}yi, exacute
C,'!'l",'i |'\
el e
nHotes: 1. default values are assumad;

::5.
e Tigst ot gach command are gsignificant.
4. Under pareneters, a,d,m,s refer to hoavs, degrees, minutes,

¥

znd mpeconds,
and Tiext? i
Eew}atthackﬂrﬁ fx:e»;

3 and vt are numpr&ca? values;
T A1l paramsters arc




SOUR2E

PRIET
10
ehin

WilAY

TLERLE LI «~ DITAULY PAaaMETERY

2™ 06™ go” o 0o’ o6
5.0 miantes

0:00:50 1eT

23:59:59 187

lovel = O funlezs “no tape'
Inttializntion Thasel

tevel = 0
0.0 G.0 Q.G 3.0 a.6
100.C¢  166.0  100.0  100.0

offget = 0 delay vnits

{iint Wo. BEG-T
5/31/%3

[NAVE=TUSTEOURIE 1

[IST = 12:00:00]

160.0 {187 = 12:00:00]
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TABLE IXI - MUSSAQES POSHSIRLE UNDER NELI

. ALY of thessz a

wraceeded by a 4+ iz

prinier alarm.

Lic Eage

poS
+ HORE TAPH

- TAVE BRER

@

LREADY TARTNED
14

BS99 ¢

PP

-
Al

paan on the CRY unless otherwise notaed. Those

hore are scooimn

aled by a sounding of the line

axp‘ﬂ?ation

e e h o e

fleady to secont a eonwmnd.

Bud-od-tope neachad on outpet £ile. Lead anosthesr

cd tepar press 60 whea ready. Tbc Yeig rd Balag
v : whon tha 20T was ecncountored wil ]
writton ot the beginping of the nezt avails
on the new tepe. If the tape label is uarenss
the message .8 vepeatad; try again witk anot
Bwiteh O i 10T cleoavsd.

#11

2
+

Yirdte error em cutpul tape. Pressing €W eztses
ancthoy alticimt to write the record. Do not lood
nnothoy leoholed tewe, If the problem ﬂ@ﬂﬂ??,.-"lt
the ¢smputgr nn?maf the tape end try o determine
the ¢suse. I the tere is suspected, ve-load KoLl
using a differsnt tare. Note that the criginal tane
ig missing ai'iie marlk. BRegort the problem o the
technical sta

.‘.-J_-, -

lasuillicient time to process a data sample. Probabile
hardeave Ifﬂ arror.  Integration in progress avioe
matically agborted, return to command wmoeds. XNp data
recorded. ' ' :

Pata accumnlator overilow., Probabdle exceszive
integration %insz, Some actlon as TIDOTT,

znpcgi,ta:nsw'ﬁﬁ,RUﬂ,tia,or,ﬁ.rnamnd

Vs integroting,
Vhore XIXIYY is the tysten status word ia octal.
En alaym conciivicn hes beon detected while integrating:
e.guy, o L.O. I out of Zock, Data LmLx“w is
uﬂfiul ...... ng. [Hot lmplexented as of 8/ o ]

Unrecogrized eonmand,

fLino prin
A~Te

oy
Y M
=t

muter holted) 1/0 device erroi.

3 oupit anmber, Be Eegsuiar containg
venery address st tine of bali,
then (A} and (3). Re-~lead sddress and press BIY 1o

resun? exeuctiao. Do net press BIRESET.

bql?od}. Format erzoy:
eryor oode. zgal forn in parameters
of o command: 3.g=» twa deeimal points in a row. See
HP Fortran Monual dor foeeo La iaput maiez.. 12 gou
Jdmow chat Shis was the causs of tae erven, preps RUN
o rosume exesition. Otharuvise, there iy posgibly be
a progran ayror. Decavd (AY,YBY. Teo bz sals, ;aﬂload
the SRAIOS onoecutive na uzii", write 20 BOF on the
outpay tape VL8 any}, and LU YBLI again.




. Table ZI7 - comt’ad

= o g

: sensapo Brplonation

e Enter local sidereal time: Iym,[s].

MAREY Enter source nane, up to 10 choraciere

TAFE ERECR O3 DLCK 23 {Initializcticn phaoe orlyd The yarsmeters
¥ i
COYil=n file could not be road correctly. See p. %
foy forilor cunlanntion,

BAD TAPE TABEL OF DECY 3 (Initializetion phoze only) Tre cutput tepe

1abol waz vopreadabl:, cither bofore o» aftar it wae
re-writiea., Ury egaln with asnsther tape, ov
respond "HOY o the aext "OUTPUT TAPE?' prount.

L )
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TABLG IV - QUTRIT WADS FORMAT

Word L Typo code B
word 21 Lenpth ¥ oin words, exmcluading checksoan
vioed 3 thye Vord H:  dependent cou rocoxd typs

ford Na-l: mcnksur, sum of all othoey words

Contents {orivan €orve nal

— i s e P

- e » 0 . 7 e Ly
52 TPERT(20), DATE, eTgEl,

Yo

———

~ A
et
s

‘eadery

1

252  PRASBE(G,5),T0INT{12,5)

FAMEL5),DEC.RA

L2

Paraneteis

=
=
e

Courae

WL, 0P, WEADPR.

HLEe

,ECHAN (103

Data 4 oy TRATACR, 100 . D003, BES (10)  NEHE, PR, HRARD, MOLE, DI i,.',' #ZA

L. 5 34 DATALS),BTLHE
Gain &€ 14 DATAL{SY.ETIIE
Comnant ¥ 8% TTRET R0
Sintus & 12  IETAT(IC)
sovroeted g 42  SDATALR, L0

TGy, FDATLS, 103
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