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1 . INTRODUCTION

This operating manual has been written to acquaint the new user wit h

operating procedures for the Stanford five-element interferometer . It i s

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 shor t

period of time, it is expected that the new user will increase his basi c

knowledge through operating experience .

Documentation on the Stanford array is contained in several volume s

of in-house reports called glints . Glints cover a wide range of topic s

including antenna construction, electronic hardware, computer software ,

results of observations, and the use of interferometric data . Most glint s
}

have not been written as tutorials, and some may be difficult reading fo r

those not familiar with local terminology . Certain glints are of interes t

to the new user . They are referenced in this manual and included in th e

appendix . Reference volumes of all glints can be found at the field sit e

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 th e

Stanford interferometer is also the operator ; he controls the antenna

drive system, the computer, and associated electronic hardware . The

Institute staff is available to provide some assistance ; however, thi s

is generally limited to normal business hours . The night-time observe r

will find he is usually the only person at the field site . As imprope r

use of the system poses a threat to personnel and equipment, new observer s

must demonstrate competence in operating the interferometer . Authorit y

to operate the interferometer is granted only after the new user complete s

the licensing procedure described below .



(1) After reading the operating manual, the new user will be aske d

to complete a short (closed book) exam which covers aspects of the an-

tenna drive system . This knowledge is essential for safe operation o f

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 whic h

allows him to operate the array in the presence of an Institute staf f

member . By assisting in actual observations and by participating i n

special training sessions, the trainee will gain experience with th e

antenna drive system, the electronic hardware, the computer, and method s

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 o f

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 progra m

(c) set the antennas on the sourc e

(d) take gain and local oscillator line length measurement s

(e) take several integration s

(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 trainin g

is far from complete and that it is his responsibility to continue t o

develop his understanding of the system .

3 . OVERVIEW OF THE SYSTE M

A preliminary description of the Stanford interferometer is containe d

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 encourage d

to read both papers . Institute staff members will be happy to discus s

topics which are not covered adequately in these papers .
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4 . ANTENNA DRIVE SYSTE M

The procedure for driving the antennas has been described in detai l

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 eac h

antenna in declination, hour angle, and right ascension . Coding of these

readouts is as follows :

Declination :

DEC READOUT = 3600 .0 + DECLINATIO N

where DECLINATION is in minutes of ar c

Hour angle :

HA READOUT = 50000 .0 + HOUR ANGLE
2

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 i n

in minutes and seconds of time modulo six hours .

EXAMPLE :

DEC READOUT = 4820 . 5

HA READOUT = 52300 . 0

RA READOUT = 320m 45 s

The antenna is pointed to a declination of 4820 .5-3600=1220 .5 '
U

0which equals 20 20 30 .

The hour angle is 2x(52300-50000)=4600 s = 1h 16m 40s .

The right ascension is 5 h 20m 45 s , 1 1 h 20m 45s , 17h 20m 45 s , o r

h m 523 20 45 . The reading of the sidereal clock and the antenna hou r

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 absolut e

bounds on antenna motion . They are set to be activated just before th e

rim hits the ground or the dish is driven into the pedestal (as whe n

entering the stow position) . It is impossible to drive an antenna pas t

the limits without wiring changes . Boundary switches are activated



before the limit swithces to provide a redundancy in protection . The

boundary also defines the area of the sky for which accurate instrumenta l

calibration is known . The region between the boundaries and the limit s

is called the danger zone . It is possible to operate the array in th e

danger zone ; however, the benefits of danger zone operation are sligh t

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 . In all cases, the operator must b e

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 control s

in the contactor and ground boxes will occasionally be found in abnorma l

positlions ; consequently, all users should know correct switch setting s

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 wit h

red dots in the control room and are listed in Tables 1- . Certain

non-standard positions are required for observations of the sun and fo r

single dish observations . Users interested in these types of observa-

tions should consult with the Institute staff .
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6. COMPUTER HARDWARE

The computer hardware is described by R . S . 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 o f

SRAIOS are described by C . J . Grebenkemper in glints 431 and 432 .

Compilers available include Hewlett-Packard versions 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

described in A Pocket Guide to HP Computers . FORTRAN users will b e

interested in glint 410 by L . R . D'Addario which explains the use o f

the load-go option available in our system .

Programs and subroutines used at the field site fall into thre e

categories . First, system software includes SRAIOS and various routine s

supplied by Hewlett-Packard and Dicom . Second, supported software in-

cludes those programs which have been written by the Institute staf f

and are essential to the operation of the interferometer . These pro-

grams are used by all observers and have been subject to extensiv e

debugging . The program authors are responsible for correcting any errors

that may be discovered . ~.ctrD programs are currently in the supporte d

category . The programs are :
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PREC (glint 524 ; author S . J . Wernecke) is the program whic h

performs source precession . The 1950 .0 positions are entered throug h

the Hazeltine keyboard or they can be read from cassette tape . A

list of standard calibrators can be found on the PARAMETERS tape . Thi s

catalog is precessed weekly by the Institute staff . Sources not in thi s

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 dat a

acquisition from the ten interferometer channels and outputs estimate d

visibilities to an output tape and to the line printer . NELI also con-

trols delay line settings and continuously updates the Hazeltine displa y

to reflect changes in the correct pointing of each antenna . If a cali-

brator has been observed before the source of interest, NELI can produc e

on-line plots of line integrated brightness . The computation required t o

produce the plots is performed concurrently with data acquisition so tha t

no observing time is los t

NOTE (glints 505, 528 ; author S . J . Wernecke) is the editor of NEL I

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 ba d
L'Dosch
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data records, and inserting additional comment into the NELI output .

NOTE should be used when copying files from the archives observing tape s

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 whic h

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, phas e

shift and attenuation due to the multipliers, and gain changes due t o

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 publi c

use . The programmer offers no guarantee that the program is error-free ,

and 5 user who discovers bugs (or has other complaints about progra m

operation) must modify the program for his own use . Most of the soft -

ware available at the field site is of a contributed nature, includin g

many subroutines in the library and a number of programs on the SRAIO S

system tapes . The user of contributed software should obtain a source

listing of the routine to check that the program performs the desire d

task . Listings of all subroutines in the library and of all programs

on SRAIOS system tapes are contained in binders at the field site .

Another binder contains additional program documentation which explain s

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 stage s

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 discussio n

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 glin t

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

measurements interfere with the interferometer operation, they shoul d

not be made while an integration is in progress .

1) Ensure that the gain measuring radiometer (rack 3) is turne d

on and that the chart recorder input selector (rack 4) is set to 12 .

Turn on the chart recorder control (rack 5) . Set full scale voltag e

on the chart recorder amplifier (rack 5) to 1 volt .

2) With IF amplifiers (rack,4)set to manual, adjust the lowe r

potentiometer on each amplifier so that meter readings are the same i n

both ALC and manual positions . The upper potentiometers control the

ALC level and should not be adjusted once observations have started .

3) With the IF selector (rack 3) set to LOAD, adjust the chart

recorder offset (rack 5) so the chart recorder (rack 5) reads O .

A) With IF amplifiers (rack 4) set towanual, switch the I F

selector (rack 3) to each amplifier in turn and record the deflectio n

registered on the chart recorder (rack 5) . These readings are input

to the on-line program using the GA command .

5) Turn IF amplifiers (rack 4) to ALC . Turn chart recorder (rack 5 )
8

off if no More measurements are required . Resume observations .

10 . LOCAL OSCILLATOR LINE LENGTH MEASUREMENT S

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 length s

of the S-band distribution lines to each antenna as differential pat h

length changes cause correctable phase errors in the estimated visibilities .

Ordinarily, measurements are made at half hour or hour intervals althoug h

more frequent measurements may be desirable around sunrise and sunset_sia .

line length changes are- -yp4-oa4Ay grea-t-er then . The following procedur e

should be used to make line length measurements . These measurements d o

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

is

k.



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 take n

using a consistent technique . The convention adopted by Institute staf f

members is to record the phase shifter reading for the first positiv e

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 shifte r

readings to the on-line program using the IA command . All readings should

be between 0 and 135 .

5) Return the rotary switch (rack 6) to the TUNE LINE positio n

and 1!urn down the SWR meter sensitivity . Turn off SWR meter when th e

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 relevan t

to observations, the following coaivn is established .

When the source right ascension is input to the Q.nz line grozrzm

Pt 1it should be input as the apparent right ascension xt uo  the--egtratiw n

the sidereal clock to one which raecrds apparent sidereal time rathe r

of

	

sate 7f-~tlre--day of the observation . The equation of equinoxes

can be obtained from the Ephemeris . This has the effect of convertin g

than mean sidreal time . The subtraction is performed for the observe r

using PREC to precess sources . The observer should remember to do thi s

subtr t-i-on for sources precessed by other programsor for sources fo r

w`Iiich apparent positions are obtained from the Ephemeris, i .e .planets .

The sidereal clock is reset weekly by the Institute staff . Norma l

drift in that period is less than 50 msec . Since data can be corrected



for the effect of small clock errors, the observer may wish to check th e

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) . In view of the

regular maintenance, large clock errors not caused by a power failure ar e

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 checkin g

or resetting activities .

12 . IN TIE EVENT OF DIFFICULTY

Weekly maintenance sessions are scheduled to ensure the reliability

of the interferometer . In spite of this attention, some failures ar e

inevitable . In view of the-complexity of the system, it is impractica l

to sgpply new users wiTh a trouble shooting guide . I-n-

	

1, the t 3s--n

proper response inthe- ; ~~t_.>=- z-fi-cum is to carefully documen t

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 les s

complicated tasks which might be easily and safely performed by an

observer . Certainly, setting switches to the proper positions is no t

considered repair work nor is correcting obviously misconnected (or dis -

connected) cables on the various front patch panels . As a rule of thumb
DP-

any action which requires an observer to go into the racks of t o

disassemble equipment should not be performed unless an emergency arise s

(a fire, for example) . Under no circumstances should antenna safety

switches be jumpered or wiring modified . In all instances, correctiv e

activities must be carefully documented,'

	

/
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A view from the east 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 Interferomete r

A few years ago we began planning fo r
a larger instrument, confident that our
experience in achieving resolution of les s
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 (10,69 0
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 o f
most large paraboloids . We should b e
able to observe at centimeter wavelength s
the sources in the extensive catalogue s
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 (correspondin g
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 . Thi s
takes advantage of the rotation of th e
earth to change the position angle of the

• R. N . BRACEWELL, R. S. COLVIN, K . M. PRICE, and A . R. THOMPSO N

Radio Astronomy Institute, Stanford University

S OME YEARS AGO it became ap- Stanford University, we built an array o f
parent that arrays of small radio equatorially mounted 10-foot dishes fo r
telescopes have features comple- work on the sun. It was found that sig-

	

mentary to those of large single parab-

	

nificant results could also be obtained o n
oloids .* As far back as 1961 here at galactic and extragalactic radio sources ,

but the modest collecting area of thi s
array (a cross of 32 dishes each 10 feet i n
diameter) limited us to a handful of th e
known radio sources.

*For example, the Bonn 100-meter and th e
Illinois 120-foot dishes, described in SKY AND
TELESCOPE for December, 1970, page 339, an d
starch, 1971, page 132.

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

4.

- 2 -



The polar axle and hour wheel of each antenna will slip into the gap forme d
by the double legs on the north (right) side of its tripod . Two men at the lef t
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 usefu l
for galactic, extragalactic, planetary, luna r
and solar work, but it world requir e
a computer and also costly phase-stabl e
electronics .

Much of the development has bee n
done "in house," beginning with panel
design for a 60-foot reflector in 1965 .

Since then the Air Force Office of Scien-
tific Research has funded hardware desig n
and construction, while the National Sci-
ence Foundation has supported develop-
ment of the microwave front ends, th e
computer, and the central electronic s
package . In all, these two agencies hav e
provided somewhat less than two millio n
dollars for the entire installation, whic h
has taken about 4, years to build .

MINIMUM REDUNDANC Y

An array of antennas can be thought o f
as having a beam that maps out a distan t

0 source of radiation by scanning its dif-
ferent parts . We can also understand
what the array is doing by thinking of th e
source as producing a complicated radia-
tion field in the neighborhood of th e
observer. By exploring the field with our

antennas, we can reconstruct the image
of the source .

The first way of thinking correspond s
to what happens when a single paraboloi d
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 th e

3

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

In the usual fixed array, the antenna s
are equally spaced along a base line, bu t
such an array is highly redundant, since
many of the separations are provided i n
more than one way . For example, th e
distance between antennas I and 3 is th e
same as between 2 and 4 . Yet the maxi -
mum separation can be produced in on e
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 uniforml y
spaced arr ay can be left out. The omis-
sion either saves money and maintenanc e
or permits the use of larger antennas to

increase the overall instrument sensitivity .
To visualize our array, first consider 1 0

paraboloids equally spaced 75 feet apar t
on an east-west line, and then remove th e
4th, 5th, 6th, 8th, and 9th . The chart a t
left below shows how the remaining fiv e
paraboloids can be paired to produce ever y
separation from one unit of 75 feet up to
nine units . All the information that ca n
be extracted from an electromagnetic fiel d
by the full 10-antenna array can be foun d
by this five-element array . Only for th e
single-unit separation is there redundanc y
(1-2 and 2-3), which cannot be avoided
with this number of antennas.

However, if this array is connected u p
by simply adding the five signals received ,
it will have a poor reception pattern, wit h
strong side lobes . Therefore, we operat e
the 10 different antenna pairs as separat e
two-element interferometers and recor d
their outputs simultaneously but separate-
ly. The signals received at each antenn a
are first divided four ways and combine d
in 10 voltage multipliers in such a way a s
to produce 10 two-element interferomete r
responses . These are sinusoidal and anal-
ogous to the sinusoidal optical interfer-
ence fringes produced by a two-pinhol e
Young's interferometer .

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

Some four years ago, C . C. Lee, R. N .
Bracewell, and a sheet-metal exper t
completed this first dish panel . Set
horizontally, it was tested by loadin g

with sandbags until it broke .

9

The ways of connecting the antennas in pairs for minimum redundancy .

-3 -



THEORETICA L
ANTENN A
PATTERNS

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

the source can be computed - an applica-
tion of Fourier transforms .

By recording nine independent fringe
patterns sirnultaneously (one of the 1 0
spacings is redundant), the time taken t o
survey an area is only one-ninth that re-
quired if only one pair of antennas wer e

In the array's antenn a
pattern, the "grating re-
sponse" peak is som e
253 seconds of arc fro m
the main beam. The
oscillatory side lobes
can be eliminated b y
combining the fringe s
from the nine channel s
with suitable weightin g
coefficients, resulting in

the dashed curve .

used. With 2z times the number o f
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, w e
must weigh antenna cost against elec-
tronics cost . If the cost of the antennas is

significantly greater than that of th e
electronics, the advantage is clear, espe-
cially for antennas more costly than ours .

The pattern of the array is shown i n
the graph, and we see that there is a mai n
beam 17 seconds of arc wide . In addition,
a response is seen 4 .2 minutes of arc away,
which results from the fact that the array
is made up of discrete antennas, the col-
lecting surface not being continuous as i n
a single large paraboloid . This feature
corresponds to the 1st-order fringe of a n
optical diffraction grating and for thi s
reason is known as a grating response .
The beam-width of the single antennas ,
approximately seven minutes of arc, set s
a limit to the field of view, but in practice
we are generally limited to 4.2 minutes,
because otherwise main beam and gratin g
lobe responses overlap and interpretatio n
of the observing record is complicated .

A scale drawing of a 60-foot reflector with the following principal parts labeled : AR, aluminum reflector ; AS, aluminum
structure ; DI), declination drive ; DIV, 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 axis ; SP, service position; SL,

south leg ; TS, theodolite stand (for polar alignment) . Stanford Radio Astronomy Institute diagram .



EQUIVALENCE TO ANALOGUE IMAGE S

As with an optical telescope, a conven-
tional paraboloid radio telescope forms a n
image of the source in the focal plane, bu t
only part of this image can be picked u p
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 poin t
the dish to each part of the source
sequentially .

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

With our minimum-redundancy array,
such practical difficulties are avoided, fo r
the analogue image formation results fro m
the way in which the signals are processe d
in the computer.

THE 60-FOOT REFLECTORS

A great advantage of an interferometer
employing dishes of moderate size is tha t
they can be equatorially driven to follow
a source across the sky. In our case th e
coverage is for 10 hours, from five hour s
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 installe d
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 dis h

to clear the ground when turned fully south for servicing .

celestial pole to the southern horizo n
(-52°), covering the entire sky visibl e
from our latitude .

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

In each case, motion about the axis i s
by means of a large half-wheel aroun d
which a roller chain wraps . The hour -
angle wheel is 30 feet in diameter and th e
declination wheel 15 feet . The chai n
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 severa l
photographs and in the drawing. Its
framework is cantilevered from a central
octagonal steel box frame that also carrie s
the supports for the antenna-feed assem-
bly at the focus of the paraboloid . Note
particularly that the dish is offset half th e
width of the box frame to the north o f
the declination pivots. This permits low-
ering the declination axis by about six
feet, yet the reflector does not strike th e
ground when it is turned to the full y
vertical position for servicing (pointin g
due south) . Were the reflector center-
mounted on the box frame, a much taller,

- 5 -



The central 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.

compensation is needed for the antenna s
being at different distances from a give n
source . This is done by switching into
each circuit varying lengths of cable ,
which act as delay lines. As the eart h
rotates, the relative distances change, s o
the delays have to be adjusted . For eac h
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 output s
and performs an initial averaging of th e
data . Data is read into the computer 5 0
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 declinatio n
by independently controlled motors, but
the hour-angle drive motors are connecte d
to operate the array as a single unit . The
antenna readouts and controls are locate d
in the observing room and the latter are
interconnected with a system of boundary
and limit switches .

THE OBSERVING PROGRAM

The X-band signals are converted in Testing of the antennas is now unde r
the mixer to an intermediate frequency way . It includes correcting the readout
hand of 10 to 70 MHz. Because of this indicators and resurveying of each re-

	

wide bandwidth (for increased sensitivity),

	

Elector's surface. Phase measurements o f

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 dis h
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 .

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

An eight-legged structure similar to th e
tube of some optical telescopes support s
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 mean s
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 th e
feed horn and also in a ground box at th e
foot of the south leg of each antenna .

The front-end box contains a tunne l
diode preamplifier, a mixer and IF pre -
amplifier, the local oscillator and noise
calibration components . In addition, it i s
possible to throw a wave-guide switch i n
the front-end box that brings into opera-
tion a Dicke switch, so that the antenn a
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, thu s
assuring that the signals from all antenna s
will be in synchronism . An automati c
phase-lock system is used to assure this .

-6 -



A view with the dishes poiting high i n
access for men an d

the entire transmission system have begun ,
and the computer-controlled variable de -
lays have been tested under automati c
operating conditions with two antenna s
connected as a two-element interferometer .
Both the readouts and the delay line s
were designed by Alec G . Little . Since we
are working to an accuracy of about on e

0millimeter, we expect to find that correc-
tions will be needed for ambient tempera-
ture changes, antenna position, and othe r
effects .

When all the two-element channels are
working satisfactorily, the entire syste m
will be operated in the rotation-synthesi s
survey mode for which it is intended . A s
we gain experience, a gradual transitio n
will be made to observational programs ,
but the system is very complex and mus t
b brought into adjustment with care .

The astronomical program will cover a
variety of objects. We wish to study th e
structure of H II regions in the galax y
and planetary nebulae, and to compare
the profiles of the latter with optical ob-
servations . Our array will be capable o f
detecting and measuring positions of smal l
unresolved sources down to a flux densit y
of a few hundredths of a flux unit ; there -
fore the array will be more suitable tha n
large single reflectors for surveying larg e
numbers of small nebulae in search o f
radio emission .

We shall also work on the mapping o f
nonthermal supernova remnants and ra -
dio galaxies. These observations are time-
consuming if done by movable-baselin e
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 radi o
bursts localized with respect to previously

the southeast . Some of them. have unfilled central sections, to allow convenient
materials, but they will be filled in for regular observing .

mapped components of an active region .
There is also the outstanding question o f
solar limb brightening at different wave-
lengths . The immediate availability o f
our two-dimensional maps of the sun at a
wavelength of 9.1 centimeters should fur-
nish a good basis for special observation s
at our new wavelength of 2 .8 centimeters.

Lunar observations for a full lunatio n
might indicate features on the moon pos-
sessing unusual thermal properties or sur-

face texture, especially in connection with
radar maps. This subject is well devel-
oped theoretically, and observations o f
higher resolution are needed. In our case,
there is the technical difficulty that th e
grating lobes of the interferometer (whic h
limit the field of view) have a separatio n
less than the moon's diameter (see graph
on page 4) . This problem is less acut e
with the sun, because of its changing ap-
pearance with time .

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 histrument s
radiometer, and at left mechanical-counter readouts . Beyond his head is a ban k

of 10 multipliers, and at upper right a sidereal clock .
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The Stanford Five-Element Radio Telescop e

RONALD N . BRACEWELL, ROGER S. COLVIN, LARRY R. D'ADDARIO,

C. JOHN GREBENKEMPER, KENT M . PRICE, AND ANTHONY RICHARD THOMPSON

•

Abstract-The Stanford radio telescope array is a fast image -
aing interferometer using earth rotation synthesis to produce a

brightness map of the continuum radiation from a portion of the sk y
using data obtained in one 10-h observation . The array consists o f
five 18 .3-in diam paraboloid antennas mounted on an east-west lin e
in such a way that pairs of antennas span all spacings from 1 to 9
times the unit spacing of 22 .9 in . At the operating wavelength of
2 .8 cm (10 690 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 mounte d
and have a range of motion in declination from the south horizon to
the north pole and in hour angle from horizon to horizon or h ,
whichever is less . Both 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 phas e
locked to a reference signal which is distributed from a centrall y
located oscillator . A system for monitoring variations in the electrica l
lengths of the reference-signal cc les is incorporated using modu-
lated reflectors at the five antennas The IF signals from the antenna s
pass through 9-b variable delay li :.es and the signals from each of'
the ten possible antenna pairs ar then fed into ten analog multi -
pliers . An on-line computer samples the output waveform of eac h
multiplier five times per second and digitally filters the data to est i
mate the complex correlation of the signals averaged over any desire d
time interval . The computer also sets the delays, monitors variou s
equipment, and controls the data recording and operator displays . In
addition, it can be used off-line perform the Fourier transforma-
tion or similar processing required to derive a map of a radio source .
The sensitivity with the tunnel di . de preamplifiers gives a signal-to -
noise ratio of 5 to I for a point source of flux density 4X10- 2 ' W
•m_2 Hz-' ; this assumes a system noise temperature of 1000 K, a n

donna aperture efficiency of 30 percent, and an observing time o f
h . An increase in sensitivity bp 't factor of 10 will be obtained by -

le use of uncooled degenerate parametric amplifiers .

INTRODt CTION

Y 1962 the techniques frr constructing interferometer s
with fan beams narroh,er than a minute of arc had
been demonstrated, foi example by Swarup, Thomp -

son, and Bracewell [1] and he method of earth-rotatio n
synthesis using fan beams had ilready been demonstrated b y
Christiansen and Warburton , 21 and analyzed theoreticall y
by Bracewell [3] . In addition, lie notion of supersynthesis, a
combination of movable antennas and earth rotation ha d
been introduced by Rv-le [4] . so the time was ripe for th e
design of new radio telescope systems . Some details of th e
projects originating about that time are given in Table I .

The high frequency of 10 690 \IIIz (approximately 2 . 8
cm) was chosen for the Stanford project, in spite of difficultie s
that would have to be faced with mechanical precision, be -
cause it would be specially sr'ted to studies of the planets ,

sun, and moon and because, it the case of galactic and extra -
galactic objects, it would be complementary to the lower fre-
quencies of the instruments b r_ng contemplated elsewhere .

The concept of minimum ledundaucy, wltioh was in th e
air at the time, was al -o in( aria sated, leading to an east-- .ves t
array of five IS 3-m dianh equa t orially mounted paraboloids

situated at the location indice.ttd by the numbers as follows ,

cast being on the right .

10

	

.

	

7

	

.

	

3

	

2

	

I .

It will be seen that all interelement spacing, from one throug h

nine unit ; are prey ent and that unit alining occur twice . The
basic design parameters, ~thich mere frozen by 1965, wire de -
scribed at On 15th Came al Arsernl,ly of the Internationa l

Scic•ntil iic Radio tTnion 1lunich in 1966 [5] and ore given i n

Table I1 . '1- he general appearance of tlii ' array is shott;n in

PRINCIPLE Ol, OPERATIO N
The signals from each antenna pair are correlated in th e

control room by a combination of analog and digital tech-
niques to yield measurements proportional to com plex visibil-
ity [6] after regular averaging interval :: that ma} be varie d
but are typically 5 min . On the a-v plane [7], [8], which is th e
domain related by two-dimensional Fourier transformation t o
the source domain or "sky plane," nine concentric elliptica l
loci are traced out as time elapses [9] If the complex visibilit y
were known everywhere in the a-z , plane, Fourier tram-forma-
tion would yield the source distribution ;) but because data ar e
available only within a central island on the a-a plane, th e
resolution is limited in a way describable by the shape of th e
main beam of the instrument And because within this islan d
only discrete loci are used, there is a further phenomenon o f
ringlobes surrounding the main beam in the full instrumenta l
response pattern .. The character of the main beamand ring- -
lobes of east-west rotation-synthesis arrays has been studie d
by Bracewell and Thompson [9] with the result for the radial
profile of the principal response pattern 2 shown in Fig . 2 . Th e
main beam is seen to be accompanied by oscillations which ,
if we take the squared amplitude, become the fringes that ar e
customary in the intensity diffraction pattern of a circula r
(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 o f
aperture tapering, at the expense of a corresponding reductio n
in resolving power . The antenna pattern of a single element ,
which is also shown in this figure, acts to reduce the ringlob e
response .

MECHANICAL SYSTE M
Each reflector comprises an octagonal steel hub and 5 6

identical 63-kg aluminum panels, which are made of welde d
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 ; thi s
design choice requires accurate and rigid structural work . A
heavy optically aligned jig was built to impose the correc t
double curvature on the skin and ha its spatial relationshi p
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 finish, the largest standard siz e

available, over the jig . The sheets were not sheared to pi e
shapes but used as delivered ; what would otherwise have bee n
excess material was formed into flanges for rigidity and t o
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by the Air Force OCh . . of Scientific Research under Contracts Alf 19)63S) -
1375 and F-146211-aS-C-0025 and by National Science Foundation under
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by a Grant GI'-31382 . Preparation and publication of this paper was-
assisted by the Stanford Joint Services Elcctronies I'mogcun under
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uatt'Ins that may be svnthesizcd I9l
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eliminate gusset plates or connectors at the junctions of th e
tubes with the skin . Completed panels were cantilevered fro m
their three support points and surveyed by automatic leve l
and self-erecting leveling rods bearing fine scales and resting
on conical points . Destruction and deflection tests were carrie d
out by loading with sandbags ; the joint design is thus know n
to be capable of withstanding a wind over 110 km/h blowin g
normally on the skin . (The rest of the structure was designe d
for 160 km/h allowing for the known wind loads on soli d
paraboloids variously oriented . A wind of 110 km/h at a
height of 10 m is expected at the site once in 40 years .) The
rms surface accuracy of the assembled reflectors after erectio n
is approximately 2 mm, as determined with a theodolite on a
built-in mount near the vertex ; small target holes were drille d
in identical known locations for this purpose while each pane l
was under construction on the jig .

The feed support is an octopod based on the octagona l
steel hub to obtain more rigid support than would be availabl e
for the feet of a widely spread tripod or quadrupod . The
octopod enables the legs to converge. in the focal plane instea d
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
feedrotator box are supported at the focus and may b e
reached for servicing by pointing the antenna to the sout h
horizon . A 4 .57-m diam declination wheel is attached to th e
hub and is driven by a 3-strand chain of 44 .45-mm pitch tha t
is held under pretension by compressed elastomers at eac h
end A conventional pinion-driven gear was considered but i t
was found to be about five times more costly . The declinatio n
wheels were assembled identically on a special jig that con -
trolled the interrelationship of the declination bearings an d
the surface of the circular chainway . The welding was done i n
conjunction with theodolite observations from concret e
mounts . The weight of the reflector and structure that move s
with it is 9500 kg .

Attachment of the 56 identical aluminum panels to th e
welded steel hub had to cope with welding distortion of 5 to 1 0
mm. Machining of the weldment was considered but as it i s
approximately 4 m in diam and 2 m high heavy costs woul d
have been incurred . They were circumvented by attaining th e
circular symmetry which, on smaller pieces, would mos t
naturally be achieved on a lathe . The hub was fabricated o n
top of a rotating platform ; then the panel connectors, whic h
are the only parts demanding circularly symmetrical place-
ment, were welded to the hub while being held rigidly in a ji g
fixed to the ground . The connecting devices are steel sleeve s
into which the three tubular panel members were plugged .
After welding, the platform was rotated 1/56 of a turn and th e
operation was repeated . Each panel wa? then plugged in an d
adjusted with the aid of the theodolite mount near th e
vertex of the paraboloid . Tubular members interconnectin g
the panels were welded into place from a fixed platform wit h
good use again being made of the rotating platform . Frequent
theodolite monitoring controlled the sequence of operation s
and showed that the final adjustments and measurement s
must be carried out at night because, before the final struc-
tural bonds, are made, thermal distortion due to sunlight ex-
ceeds the 1-mm tolerance desired .

The declination axis is offset by 2 .02 fit from the hub axi s
with the result that the lower rin g of the reflector is near the

s n
ground both when the antenna is in its stowed positi a
(pointing to the north pole) and when it is pointing to t= -

south horizon at its other limit of travel . This feature avoid -
having to raise the pedestal on 2-m columns, which woe' s
more than double the amount of steel in the areadv heav e:
pedestal, and simplifies every operation in which height is z
consideration .

A steel yoke supports the reflector on roller hearings .
carries the declination drive, and constitutes an hour-a1=' _
wheel 9.14 m in diameter around which a 6-strand chai n
38 .1-mm pitch wraps . It weighs 17 000 kg including a 90 :00- k
counterweight, and is in turn supported by a pedestal so a s
be able to rotate about a polar axis . The pedestal weighs 497 :
kg and is attached to a reinforced concrete foundation cc- -
sisting of three beams connecting the feat of the pedestal an d
three columns that descend between 3 and 4 m to firm grave :
Each pedestal has a built-in theodolit r mount from whit:-
targets may be sighted in correspond .ng positions on th e
other pedestals and can also sight targets inside the polar ad c

and in the ends of the declination axle . An assembly drawin g
showing a view of a single antenna from the north is given i n
Fig . 3 . Speeds and other details of the two drive systems ate :
summarized in Fig . 4 .

Flour angle and declination are indicated in the contr c
room on mechanical counters driven by means of svnchrc-s
with 18-tooth pinions engaging a fine- p itch (3 .33 mm) rack .
rigidly attached to each chain-driven wheel . The surface -
against which the racks are mounted were built up with epos)
resin and then ground to a predetermined radius after th e
structures were erected by driving the a utenna past grindi r
wheels fixed to the yoke or pedestal . Counterweights were r"
included in the original design because the drive motors ha d
to be able to cope with wind loads much larger than the dea r
weight . For example, the wind load at 8C km/h normal to t : _
reflector is 15 times the weight of the ref. actor . The yoke was
however, partially counterweighted with 9000 kg at a iate

stage to compenate for low gear-reducer efficiencies that n
be encountered should sudden winds req lire the antennas t c
be slewed to stow from a cold start . The stow position, with tit -
antennas pointing to the north pole, b'ings hard points
the steel hub of the reflector into close uxtaposition with Cm _
pedestal . The stow locks latch automatic illy as the ante-ma-
drive north on the meridian, forcing the hub down on e'.as-
tomers on the pedestal .

Expenditure during construction was 2 137 000 donee .-
made up of sarlarics 793 000 dollars, overhead and sta=
benefits 515 000 dollars, equipment, materials, services . an d
supplies 538 000 dollars, computing 4` 000 dollars, ot ;:c- r
245 000 clollar . Other programs were conducted at the -an : e
time ; the cost of the array itself is estimated at 1 900 0 'ii
dollars .

All the mechanical and structural w or ' was done o n
site by the personnel of the Stanford Radio Astronomy Insti -
tute [10] . Photographs, drawings, and other details of t'r
construction have been presented eheew-chre [111 Mechanic s
drawings and over 100 technical reports may be consulted a :
Stanford, and an index to the reports is available on requc-t .

THE RrcEIVING SysTt:o o

A block diagram of the electronic receiving and da m
processing system is shown in Fig- 5 . To follow the dia .r :r.- .
note that the horizontal dashed lines separate the front-en, .
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box which is mounted near the focus, the ground box at th e

base of the antenna, the delay room, and the control room .
The components in the front end and ground boxes are show n

for one antenna only .

Front En d

The signal is received at a linearly polarized feed horn ,
remotely rotatable to any desired angle of polarization, at th e
focus of each paraboloid . Modulated noise is added to th e
signal to permit measurement of the overall gain and then, i n

the normal mode of operation, it is directly connected to a
tunnel-diode amplifier . An alternative mode can be selected b y
the waveguide switch so that the signal and a matched load a t
ambient temperatures are connected alternately to th e
amplifier at 35 Hz by a Dicke switch . This makes possibl e
total-power measurements with a single antenna for calibra-
tion of pointing, aperture efficiency, etc . The amplifiers ,

which were obtained in the years 1967-1968, have a nois e
temperature of 900 K and were intended to provide a tes t
system to be replaced by degenerate parametric amplifier s

with noise temperatures around 90 K . Both sidebands of th e
amplifier signal are converted by a mixer to a band which ex-
tends from 10 to 70 ?\IHz, and after further amplification th e
IF band is transmitted underground to the thermally stabl e
delay room through a pressurized semi-air-spaced cable (1 .27 -

cm Sprioline) . The double-sideband system is appropriate fo r
the future addition of degenerate parametric amplifiers and
has the advantage that phase changes in'the IF cables do not
affect the phase of the multiplier output waveforms .

Synchronised Local Oscillato r

The 10 .690-GHz local oscillator at each antenna is a Gunn -
diode unit phase locked to the 10 .693-GHz fourth harmoni c

of a signal at 2673 .25 MHz coming from a 0 .5-\W crystal -
controlled oscillator in the control room . A 3 .0-MHz referenc e

signal is also distributed to each antenna for comparison wit h
the difference frequency between the local oscillator and th e
fourth harmonic . The 2673 .25-AIl1z transmission line is a

pressurized 2 .22-cm diam semi-air-spaced cable which i s
buried between the control room and the base of each antenna ,
and, on the exposed run from the ground to the focus, i s
covered by a sponge-rubber thermally insulating tube encase d
in an aluminum outer pipe .

Phase Monitorin g

Thermal change .. in the electrical lengths of the cables ca n
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 clown the line by a diode switc h
located in the front-end box and driven by a 400-1-lz square

wave. The reflected signal comes out of the lower port of th e
circulator where it i, then mixed in a dectector with a sampl e
of the outgoing signal, the phase of which can he varied by a

calibrated phase shifter . The switch-frequency wavefor m
from the detector output is amplified, synchronously detected ,

and displayed on a meter . When the phase shifter is set fo r
zero output on the meter, the phase of the reference sample i s
in quadrature with the reflected component, and the settin g
of the phase shifter thus gives a measure of ally variation i n
the round-trip path out to the reflector and hack . A smal l
component of the outgoing signal can also reach the detecto r
through the reverse path in the circulator and could cause a n

error iii the indicated phase . This component i . canceled by

adjustment of the tuner ; before a phase measurement ia made ,
the modulating square wave is switched to the diode switc h
at the lower port of the circulator, the connection between th e
phase shifter and the hybrid is opened, and the tuner is set fo r
minimum reading of the phase detector output . Use of the
phase-monitoring system doe . not disturb observations i n
progress and provide. an accuracy equivalent to 3° of phas e
at the local-oscillator frequency . It has been found that lin e
lengths vary only slowly in time, the total change in 10 h
rarely exceeding 15° . The method was introduced by Swaru p
and Yang [12] for the Stanford microwave spectroheliograph .

Wide-Band Variable Delay s

Because of the wide bandwidth, compensation has to b e
made for the fact that the antennas are at different distance s
from the source under study ; otherwise there would be a los s
in sensitivity from reduced correlation of the signals receive d
from different antennas . Variable delay units equalize th e
time delays in the five signal paths from the source to th e
multipliers to within about 1 ns, which is 1 /20 of the reciporcal
IF 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-line 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 o f
1 .27-cm semi-air-space dcable . Each le ugth, when switche d
out, is replaced by a short piece of high-loss cable of equa l
attenuation. The cable length, . in each unit are proportiona l
to the spacing of the corresponding antenna from numbe r
seven . All units are switched simultaneously by a reed-rela y
system designed by Little .

IF Amplifiers

The IF amplifiers in the control room provide 45 dB o f
gain to compennate for losses in the delay unit ; and IF Lans-
m ; : ;lion cables and their frequency response is adjusted t o
compensate partially for the difference in cable attenuation
across the passband . Automatic level-control loops in the
IF amplifiers hold their output levels constant, compensatin g
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-monitorin g
receiver which measure., the strength of the modulated nois e
injected at each front end ; this is accomplished by a synchro-
nous detector driven in phase with the modulation . Finally ,
each IF amplifier output is divided four ways, providing 2 0
inputs controlled at 20 utV rms for the ten analog multipliers .

Wide-Range Multipliers

In each of the multiplier units the multiplying elemen t
consists of two transistors with a common emitter resistor ;
tht : basic circuit, which has been described by Frater [13] ,

proposed for our use by Aitchison . In this application
transistors were found to provide a higher dynamic rang e
than diodes, an important consideration for observation of a
strong source, such as the sun, for which a large fraction o f
the noise at the multiplier inputs is correlated . Within each
nniltiplier unit one input signal i . phase switched and th e
voltage from the multiplying transistors i, amplified at th e
switching frequency and synchronously detected . The multi -
plier output ; are sampled by an analog multiplexer which i s
switched from one output to the next at a rate of 50 IIz . A
resistance-capactiancc filter at the output of each multiplie r
limits the noise bandwidth to about 2 Ilz 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 S and hour angle /t

'"are both zero and then n is 9 units . In general, the nomina l
fringe period is 1 .87438 (9/n) sec S 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 th e
computer . The output of any one of the multipliers can also be,
displayed on a chart recorder for monitoring purposes .

THE O`-LINE COMPUTE R

' The computer is a Hewlett Packard Model 21148, whic h
is a 16-b machine with 81.92 words of memory and a 2 .0-µs
cycle time. It performs four main tasks in on-line operation :
control of the data sampling and reduction of the multiplier
outputs to estimates of complex visibility ; 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 wil l
be discussed in more detail in what follows . The operator in-
teracts with the system through a cathode-ray tube (CRT )
terminal, from which he can enter data and can comman d
without interrupting any ongoing data sampling . Other input s
to the computer include a digital sidereal clock and a multi -
channel scanner, the latter being used to monitor various
equipment parameters . Mass storage is provided by a cassette -
type magnetic tape unit with three transports . Final data
reduction can be performed off line on the same computer or a t
the Stanford Computation Center to which data can be
transmitted via telephone lines .

It can be shown that the output signal s(t) from eac h
multiplier, after low-pass filtering to a bandwidth much les s
than the IF bandwidth, may be expressed a s

s(t) = V1r cos (2trD/A) -F VI sin (2,rD/A) + n(t) (1 )

where V i e and VI are the real and imaginary parts, respec-
tively, of the quantity, proportional to complex visibility ,
measured by the corresponding antenna pair ; n(t) is a zero -
mean Gaussian noise process ; and D is the path difference fo r
a reference direction r given b y

D=r•L+pr(r)-p(r) .

	

(2)

Here r is a unit vector, L is the spacing between two corre-
sponding earth-fixed reference points at the two antennas ,
and 2rrp t A and 2 -p_ ;'A are the phase differences between
the fields at each reference point due to waves coming fro m
the direction r and the signals at the terminals of the corre-
sponding antenna . If the reference points are chosen care -
fully, pr and p, will vary only slowly with r (further discussio n
of this is given in a later section) . Rotation of the eart h
causes r (and consequently D) to vary with time in such a
way that s(t) may be described as luasisinusoidal with slowl y
changing frequency . Samples of s(1) for each multiplier are
digitized and read into the computer every A=0 .2 s . The
computer estimates I ' , ; and F, from a finite sequence o f
21 F1 samples, s(to), • ' , 1,=1 0+LI . It is easy to sho w
that if D(tv)/A-D(t„)/A is aninteger (the samples span a n
integral number of "cycles," of s(t)), then the minimum mean -

firm' (,,un .:r) ierirnoto am

1

	

m
f ir =

	

E s(t,) cos [2trD(t,)/A]
M -{- lr= o

m
Vr is. --- E s(t,) sin [2trD(t,)/A] .

M+1s_o

If a nonintegral number of cycles is spanned, the nurse esti -
mates are more complicated, and they have a somewha t
larger

	

variance

	

per

	

sample [14] . The variance increases
rapidly if less than one cycle is spannedao the present on-lin e
program ensures that the conditio n

,

	

, ,

	

D (tar)/A - D( to)/A = intege r

is satisfied ; but otherwise AT may be freely selected by the ob -
server . The choice of 1I, or equivalently the ''integratin g
period" MA, is also governed by sampling considerations i n
the u-v plane ; for a source whose diameter equals the ringlob e
radius of 4 . 2 ' , the most widely spaced antenna pair samples a n
independent point in the 11v-plane every 25 min .

The program evaluates the sine and cosine of 2trD(t,)/A i n
real time, accumulating the sums in (3) separately for eac h
multiplier . Stored information on L for each antenna pair an d
p(r) for each antenna is used ; the reference direction r i t

computed from the right ascension and declination of date for '
the center of the source (as entered by the operator) and fro m
the current reading of the sidereal clock . 3 In addition, th e
quantities

At

	

A tE s(t 1)

	

and

	

E s2 (t,)
i=o

	

i= o

are accumulated as a basis for monitoring the dc drift of th e
multipliers and the system noise, respectively . With te n
multipliers, the processing of each sample must he complete d
in at most A/10=20 ms . Careful programming was require d
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
"foreground" other tasks are performed, using the remainin g
35 percent of the machin e 's time . These tasks include record -
ing and displaying the data from the preceding integratin g
period ; computing the current desired antenna position set-
tings and displaying them to the operator ; monitoring th e
states of various equipment, and issuing warning messages i n
case of difficulty ; accepting commands and data from th e
operator ; and calibration of the previous integration, usin g
data from an earlier obscrt•ation of a calibration source, an d
recording and displaying the results . It is expected that addi-
tional capabilities will be added, including plotting of the one -
dimensional brightness distribution estimated from calibrate d
data taken in the last integrating period .

The estimation of the two-dimensional In ightness distribu -
tion from a 10-h observation must be performed off line be -
cause of the compute r ' s limited memory . Programs are av ail -
ablefor the 211 413 to apply more precise corrections to th e
visibility data than is possible in the on-line program, takin g

Local sidereal time at one end of the array differs from that at th e
other eml hg (06 s, whicl, can he a nonneglihil,le !Inchon et 0 fund_
period (minimum value 1 .17 of, but this has no ,IIscl on the estiin .,te d
phase provided Y and all the L are tclrrred to the sane coordinate flam e

S

(3 )
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into account the effects of atmo .pheric refraction, small errors
•in the sidereal clock 's setting, etc . ; to calibrate the visibilit y

data using any available calibration source observations ; to
average the data in various ways ; to plot estimates of th e
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 processin g
needed to compute the two-dimensional map .

CALIBRATION AND OBSERVATION PROCEDURE S

Pointing Error s

Changing gravitational loads, as an antenna drives across
the sky from boundary to boundary, results in movement o f
the beam through calibratable angles which, at extremes, ma y
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 arra y
pointed sequentially at four positions surrounding an ini-
tial guess at the correct pointing . All ten magnitudes
(Vn 2 -r 1-1 1 2 ) 112 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 b y
noting that

A ;; = const X [g(©;)g(9;)]1J 2

where A ;; is the visibility magnitude for the channel involvin g
antennas i and j ; 0 ;, O f are the magnitudes of correspondin g
pointingerrors ; and g(•) is the power pattern of an individua l
antenna (assumed known) . After writing this set of equations
for each of the four observing positions and taking ratios t o
eliminate the unknown constants, one obtains a nonlinear
system which can easily be solved for each g(0,) and then fo r
each 0 ; provied g(•) is known .

It is believed that most of the pointing error occurs in th e
mount structure rather than in the paraboloid or feed suppor t
With the result that, considering the lack of simple sym-
metries with respect to the local vertical, the pointing error
for each antenna is a complicated function of direction in th e
sky. In order to allow real-time prediction of the desire d
pointing, the following formulas for Ah (indicated minus tru e
hour angle) and L .5 (indicated minus true declination), whic h
are based on structural analysis, were fitted to observationa l
data obtained at numerous declinations .

Ala = a 1 + a 2 h + as sin h -"s- a 4 cos it + a 5 sin h sec x

+ a5 sin Ii tan -I- a 7 cos Ii tanb -{- astan 3

DS = a 9 + a l eb + a ll sin it + a12 cos h + a icQ -{- a 15Q sec x

where b is the declination, Ir is the hour angle, x is the zenit h
distance, b is the latitude, Q==sin b sec 6-cos x tan b, and th e
a ; are coefficients 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 durin g
observations . These expressions maintain the residual point-
ing errors well within a small fraction of the 7 ' lamina idth a s
shown in Fig . 6. Analysis of such data for a wide range of

declinations reveals that systematic errors have been held t o
1 ' in the worst part of the sky and that random errors hav e
an rms value of 0 . 5 ' (or less, as much of the scatter such as tha t
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 th e
preceding formulas as we accumulate additional data, a
virtue shared with all interferometers having fixed elements .
A small pointing error 0 reduces the single-element gain by
about exp (-a0 2 ), which for 0=1' equals 0 .94 (in our cas e
where a = 0 .057) . A random error with standard devia-
tion a can be shown to reduce the mean signal by a factor
(1-1-2a 2 a) -112 , which equals 0 .99 for a=0 .5 ' . This pointing ac -

{7 curacy shoud allow operation with the even narrower single -
element beamwidth such as would result at a shorter wave -

Focusing

The feed horn of each antenna is fixed at an optimu m
focus position that was determined by observing the respons e
to a calibration source and using a remotely controlled focuse r
which was mounted on each antenna in turn .

Phase Calibratio n

The phase of the estimated complex quantityl'R +jl' r
depends, in accordance with (3), on knowledge of the pat h
difference D . To know D it is necessary to know the relative
positions of the reference points fixed with respect to the an-
tenna pedestals, dimensional discrepancies between the tw o
antenna structures such as differences in the distance betwee n
the declination and polar axes, and misalignments such as th e
polar axis not being parallel to the earth ' s axis . Great care
v'as taken in the construction to make tine five antennas a s
identical as possible and to harmonize the design with survey-
ing requirements . Consequently, all the imperfections ar e
small . Their effects have been analyzed for equatorial mount s
such as ours by Wade [15], and the combined effect may b e
determined by radio source observations and may be ex-
pressed in terms of a set of phase parameters from whic h
the path difference D, or phase function D/X, may lie eval-
uated in real time . As the antennas are permanent objects i n
permanent locations the parameters may be progressively re-
f,iied by means of observations of known sources so that the
on-line path difference is now accurate to 0 .05 wavelength s
aver the whole sky . Even more precise corrections are possibl e
nit]) off-line computations for special cases .

' Because the paraboloid axis does not intersect the declina-
tion axis, a path difference is introduced of 0 .02 v,a+elength s
per minute of arc differential setting error in declination . "hh o
antennas can easily be set to this accuracy . The phase shift i n
the distribution system of the local-oscillator reference signa l
in easily held constant to 0 .01 cycles using the modulated -
reflector phase-monitoring system previously described ,
thereby reducing the frequency with which calibration source s
need be observed .

Observing Procedur e

During the course of an observing session, one or mor e
short measurements are made on calibration sources (unre-
solved sources at known positions, preferably \with know n
flux densities) and these measurements are automatically ap -

length of, say, 1 cm .



I-

•

S

•

•

indicate brightness temperatures in the range lIP' to 1(1' lx a t
2 .8 cm and angular widths from 8 " to 25 " in agreement wit h
the dimensions of associated sunspot umbras . A program o f
observations of Jupiter has begun with a view to studying th e
radiation belt and its time changes .

In addition to its performance in mapping, the array has a
very useful capacity for observations of faint unresolved
sources such as quasars, stars, and X-ray sources . it has als o
been used by D 'Addario and Stull [19] to follow the decreas e
in the flux density of Cygnus X-3 from a value of 1 .86X1 0

\V•ni2 Hz - l when first observed after its outburst in Sep-
tember 1972, down to below a level of 0 .2 X10-" \V• m"
Hz- I . The array is clearly well suited to monitoring variation s
in sources with flux densities of -10-- " 6 \V m" Hz-', an d
since the addition of parametric amplifiers would increase th e
sensitivity by an order of magnitude, it is potentially a very
useful instrument for variable-source studies . Addition o f
other wavelengths in the range 1 to 10 cm will allow analysi s
of Faraday rotation in different parts of extended sources an d
may lead to critical tests of models for extragalactic an d
galactic variable sources

APPENDI X

LESS THAN ' fWEI.VE-HOLt R TRACKIN G

The hour angle notion of the existing structure is limite d
to ± ' h, and in addition, for southern declinations, the motion
is further limited by the horizon, so we are led to consider th e
effect of missing sectors on the u-v plane. The effect is ex-
pressible in terms of a correction pattern /Mx, y) to be sub-
tracted from the pattern hown in Fig . 2 . It is easy to com-
pute numerically for n given circumstances but an ap-
proximate analytic expression can also be given . Let the miss-
ing sectors on the n plane have a semivertical angle O. Then
replacing each missing arc by a straight line segment through
the centroid of the arc, and retransforming, we obtain

9

Mx, y) _ (90,t) - ' E 4n0 sine (2 ;104 cos (2.trvty)
a= 1

where tl= (sin 0)/0 . For I0-h tracking (0=7r/12) this expression
accurately indicates the correction pattern . Its central valu e
is then 1/6 of that of the 12-11 pattern .
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plied by the computer to determine the absolute pha s e and
gain of each of the ten interferometer channels . Subsequen t
variations can be monitored using the modulated reflecto r
and modulated noise source systems shown in Fig . 5 . The on -
line program can, at the option of the operator, apply correc-
tions for the measured variations, apply the calibrator data ,
and display the results . Thus we have fully calibrated dat a
available immediately at the end of an observing session . In
addition, we record the uncorrected data in case the obser v e r
wishes to apply other corrections in the off-line processing .

SENSITIVIT Y

Consider the output sinusoid from any one multiplier
when the array is observ ing a point source of flux density F.
After an integrating time T the estimated quantity P= t"P
+j 1'r has a standard deviation AV= (I 1'-- (1 )I "-) i1 ", due to
receiver noise given by

AV

	

2kTs,.s_

V I

	

AF(BT)' 1 -

Here k is Boltzmann ' s constant, B is the effective bandwidth ,
and Ts ,., and .4 are the system noise temperature and the
antenna collecting area, which are assumed to be the same fo r
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 (sec [16], [17]) . If . antenna pair s
are available simultaneously, the sensitivity is increased by a
factor -/ N since for a point source in the reference directio n
the visibility is the same for all antenna pairs whereas th e
errors are independent . If we follow the convention that the
minimum observ able flux density corresponds to a.
signal-to-noise ratio' of 5

5/2Tss•s

xs/ we obtain F,, ;,, = 0 .03 X10- =,2 \t' • m I lz- ' . For an extende d

For the present array T . = 10' K, B=60 MHz, T=10 h ,
N= 10, and A = 79 to = (aperture efficiency-30 percent) an d

source an approximate indication of the minimum strengt h
for useful mapping is obtained by requiring a flux densit y
F,, ;,, from each area of the source that subtends a solid angl e
equal to that of the synthesized beam .

FIELDS OF APPLICATIO N

From the above figures we estimate that there are abou t
50 extragalactic sources with measurable structures which ca n
be investigated with the original tunnel-diode antl,liliers .
Many of these have been mapped at longer wavelengths an d
interesting studies of the variation of the spectral index shoul d
be possible .

The short operating wavelength of the array is also par-
ticularly well suited to obser v ations of thermal sources and a
program to search for compact components in over 200 H I I
regions was completed in the summer of 1972 by Felli, 'hufani ,
and D 'Addario [20] . The observations were made nea r
meridian transit, providing one-dimensional strip-integrate d
profiles in only 5 to 10 min of Oberwing tithe per source .
Mapping of galactic and extragalactic sources is continuing ,
as are observations of the structure of active solar regions .
Preliminary solar studies by Grebenkenper and Rust [IS]
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Fig . 4 . Drive systems for declination (above) and horn' angle (below) . Gear ratios are
shown in the buses and shaft speeds in revolutions per minute arc shown on the shafts .
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TABLE I

CENTIMETER-WAVELENGTH EARTH ROTATION SYNTHESIS ARRAY S

Location
Elements

	

Element

	

Maxima l
f

	

---

	

Diameter Spacing

	

Spacin g
(MHz)

	

(total movable)

	

(m)

	

(m)

	

(m)

Imaging
Beam

	

Time'

	

lobe

	

Beam e i
width

	

(h)

	

Radius

	

Eiee

Stanford, Calif . 10690 5 0 18 23 206 19 " 10 4' .2 7 '
Cambridge, England 5000 8 4 13 40 4560 2" 192' 5' 6 '
Green Bank 2695 3 2 26 100 and 300 2700 8" 108" 4' : 20 '
W. Va . [21] 8085 3" 1' 7 '
Big Pine, Calif. 1420 3 3 27 and 40 30 .5 1080 7 " 24' 33 '
Fleurs, 1415 68 0 5 .7 and 12 .2 800 40 " 12 1° 3 '
Austr alia [22, 23] 13 .6
Westerbork, 610 12 2 25 144 1600 56' 12 23' 83 '

1415 24" 10' 3t '
■The Netherlands .24 ] 4995 68 " 28' -

	

11 '
Cambridge, 408 3 1 18 12 1550 80" 768' None
England ['1 ], [25 1407 23 " 1'

' Excluding time taken to move antennas

TABBLE I I

BASIC PARAMETER S

Latitude'
Longitude '
Elevatio n
wavelength in vacu o
Frequency
IF ban d
Reflector diamete r
Element spacing
Extreme spacin g
East-west width of fan beam to half peak'
East-west width of synthesized beamb
Ileamwidth of single reflecto r
East-west ringlobe radiust '
Declination axis to polar axi s
Declination axis to paraboloid axi s
Declination wheel readout radiu s
}Jour wheel readout radius

+37°23'55 .0 "
+8h 08m 45 .44 s

.70 i n
2 .80441 c m
10,690 MIJ z
10-70 MH z
18 .3 I n
22 .860 l n(= 815 .146 )` )
205 .740 m (= 7336 i )

16 .1 "
18 .8"
7 '
4 .2 '
2 .5908 m
2 .02 in
2 .0864 m
4 .633 m

' The position given is the intersection of the meridian through th e
USCGS bench mark RATEL and the parallel, 13 .1 m north of the benc h
mark, passing through the theodolite seats built into the pedestals . Th e
midpoint of the array is 17 .2 m west . The observatory location quoted i n
the American Ephemeris is the center of the adjacent microwave spec t ro-
heliograph cross array.

b North-south values are lam get by the cosecant of the declination .

•
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-1 0

Fig. 1 . A photol ; uph of the radio telescope from the south-ceast .

on9le

Fig . 2 . Radial profle of the principal response pattern (full curve )
and of .the pattern of a single element (broken) .

Fig . 3 . Drawing of single antenna seen from the north .
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A . R . Thonpson

Choice of the Typo of System

roceivilvsyst m tor the. Etcenf'ord ive-element array require s
a synohronous local osciliateur signal at each antenna, no power level

roqi.sired to drive the mixer is about 1. I:? an thefxeuony is in: . 69O

CUz . Three possible local

	

have been consderod. aad

ae

1. direct distribution of band power from a centrally located
oscillator ,

2. dint, ihntiOn of a uhharmonio o : the roquired X-;7eand frequenc y

to drive a frequency multiplier at eact antenna ,
3. distribthon of a subhsrmonic signal to which an 7.-hs

oscillator at oath nntonna . eaa he phaso locked .

In considering the relative merits of these three ssh:cmes several
general points should be

	

The distnnre from tho main 2aberatory
to the individual .ntonas. varies between .300 ft . and 500 ft .
(approximately 90 metersnand 1 .:iO Motors) . Cahlos txnnsMitting bsmd
ox s3 h:'4rmOnieainals snsnld be buried in order to minimLi -

	

ox''atcra
variations and the resulting relative phase olasugee atth antenne s
the

	

longths

	

not equal . Kn. order to monitor vaxiatic

	

in the
effective electrical lengths of . tho onhlos it is conve7lient to usc the
tschn:! .que devolced by ;:,ap cud s.n7 Mi7azIs,

	

9, 75, 1961 )
using a modulated reflector at each antonn

	

To riersur: . th st :Zect i
cable lee sith suffiient

	

ncy

	

phsse

	

t7e, lee n
oscill . tor frequency onareepons

	

0,05 on in

	

tramsmissfnn lno),
it is necesssxy ta use c . ,;

	

th wmneh longer than .10 (

	

l c r
thin reason it ,-on Ad be e:=enient 7vih s :.7'=er,: 2 or 3 to u7a a ub,
hnonic iree :. ncy 1 ying

	

the

	

rn



' Glint :o, 2nille-2
10/.21/0e

	

With tha first soholo

	

direct distrthat

power a wavezaide type . of transrAssiou line

	

h

	

aired to prov i ,3t? :fit

sufficiently 13w attenation . !dith the beat oca=ial oabio at thi a
frequenol/2 -i iroline), the attenuation is in oz .%-cos o : 10 t'

	

or
LOO ft ., whereas with. wavazuie the attenuation is aTpro .ninlately 2 db

per 100 ft . The staadard :1--bead wavosaide is ox:7ensive

	

ovala!3le
only in short lcngths End 'tts joints would have to

	

coala
voisture bofora Uurying . Circular

	

tu733 is loss e7onsive ba
tests chow tat the rotation of ths field patter-L . in loaf; =no helo3a:a
a problell nt ths transtions . It is also necessary to provide sor

	

o
of pxotection for tha alarainum boiere burying it Llso, et X-bsnd
reflections in v-avguieo. to o=. 11 trnitons, con Lecters

	

is r

joints which would be necessary to tranSlt tho power a) no antenna tc
tho bolt at the -cec ,ft are asually wa:eosecro ttaa st lover oquaceies .

	

In th3 seCOnd scholze distribution of thc ourt

	

th.hal,zoric f„

2 .6 5. .. .«.z wnAd to feasible asinf; 7/$' S)iroline cable for whieh t o
attenuation is .6 cib por 100 ft . at that fi7oquency . Spiroline i s
available in lenats :safficiont to cid . suy joints in tho zrie d
)ortions . It is also 7ai1ab1o with .

	

otectivo o3ot i

	

t buryiag . r;sn.inoaoy

	

withaa

	

nt .n^. Y-band ut-
pat typical' have offi3ionoics of nOeut

	

with 20 uy of is

	

powc'J
10 watt oscil .7.ater at the eentral loCatioa would 7 roirsd to

	

vi o
this level at eaeh antenna,

	

ow-aver t%3 eiflcisnoy of a ml:tipi e
usually falls

	

decressiE

	

3at tawor so thit po7c s
ia the iaput :o_ the wltipl!,lor

	

3 w„'Tnifiozi,

	

tao
1!ui.tiptevs u‹. ; :g

	

recovory- dics :sr to bo avoWed
difforohco

	

a,wos

	

1Se as',.us..P:

	

, :.: .Iooc .l ,

	

oorro - c.:j1z :,. :' . .
of tho

	

v,lry In t3r,:373vturs .

evar

	

tt thZr; o%e-13 1 :Js

	

he

	

l)chea
are nat., loos

	

c.;-`.-a	4 set' i a

	

t ths X-bap,d osoilator

	

ic.a a

	

frao fro

	

ar .I.enics s
lovol which is -

	

pon,ent

	

-A ths Iciol o tho Cha :d c, : .

	

:

moro, tho

	

o a3ourats ,: coatroned usin a enire t

ec,ntrollod att :l :.tor whioL

	

Sac7.

phaso lock J.

	

Laf.:rod ,. .cor ad assocatofi phes

Z .1
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B :causs of tho ease of . tansnscia of tLe *-haad aiT-ai com'"o f
with ho Zand sgna, asd the I( v:: 1cv.c1 roz-1irs by the ph.ass loch,
the .tird ssb) has . b4on chsson for uso witL the array, In elitien
mpproJlmatoly 1,00 ft . of 7

/
3'' Epirolins cablo aad 3 N.-and

state escillato (sirchild 1113F) are available from earlier project e
for which they are no len&or required. The lov level of power requircd
by the phase o,,::t schsme has the sdvsutace that 3.3 any additional.
C.Eltulas srs requIred to give longer splcings in tho future, they can
bo incorporated into ths systeel wit YAlaimo m

B . Dois'n of t :'c Phasa

	

h

	

stsu

The basic rase loch circuit which is required

	

aatc'hna i s
shown in Fig' . 1 . The fourth harwonia of the ;-bad oscillator bets
with tbe Cutp

	

the N.-and Oscillato is t:.o hamcnie mi ::er anq
proeuess a 3

	

signal Which is s;Lliiied 2rd then applied to a sas
detector whicll slso roceit.cs a Z LP:. ignnlfrom rejforeas
The output of the phase

	

tor cont :t:olu the fl.c u0ncY n
oE:Clllater

	

lssb the phase of tbe 0 Dfs oat "?.' .t.̂

	

a^•

	

t,

	

: .̀,:'4- ' 4;	 w` _
ths 3 hMs

	

In pri.nciplo one eeald :fesIg tho

	

;tems*
the S-baad and Xsesd visuals intcract

	

a phasc detocto tc
directly a dc output ts .ceAtrol tho

	

ascillStsr . Ns :17actio'Li

bc:;wever,thc

	

andX

	

si:shals ro only a milli ,estt or .'.co s
powsr

	

1urtbr amplifi ..Itisnwanld b , rcclnirsd iihic h
ccaveniently aes2rili ed :It nn Intcrmediats frecyem 7, Misfatcr7
modiatofracisac

	

mt :Jo

	

tLo :eS hand of the
System

	

ari to avs'id a7sing intirfsrne, and thns

	

17ent be loss
than

	

reator thn VG

	

Th e7rAco

	

o-dff'o , : a c
eliminates tho nosessity to :'.st. a 2sw7less lriried cablo
tin IF. reforcncssignai

	

n<,:° enc degree

	

tlso at

	

co:rrspend
to a sth 1c

	

F2 en .
The .-hand escillets

	

,: .5,.1',,"ency is i't. antrohicd

	

C. :"Cel"
ehsraceisies !are

	

hy t ' resistc.ra i

	

zird tho cssf:oeitc ' 0 sin 5I . To clnossc On7.)

	

of thes c
col'!Twjien tf?,

	

t :"eiltment

	

Car nr Taflncr,
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Phase Laos :Tochnirues John Wiloy

	

Sons, Now ,!ork, pp . 7-10) .

Natural frecluency of loop :4 wn

Damping factor 7

2 R2C

K = frequency deviation of the oscillator being .0
controlled

	

oscillator) or volt og
-control signal (rndians sec-1 volt -) .

output sigaal from phase detector per radian ofet'
phase change of the IF input signal ,'volt rmdiar

w is chosen so that the loop does nct drop out of loch in the preseno cn
of fast frequency ch.angos ia the X-band oscillator . We estimate that sas h

frequency '.'hages resulting from mechanical vibration of the oscillato r
might be a few MHz is a time of a fe'g' milliseconds . A loop will d
of lock for a rate of frequency ohailgc of 5wIcit

	

11>haste Loc k

p . 30) We therefore choose a value of wl = 105 . A. optim m

value for tie danTtin factor 4 is about 0 .3

	

Lock Technives, p, 74) ,
K

	

is approximately 3

	

107 radians sec-l volt-l

	

to 10 1:N per volt ' earo
the Fairchild M3 111.3g c' illator) . Ke is approximately 0 .5 volt

	

:`"d:n,
a value

	

ich ,ay be estimated from the peak amplitude of the hest sigual e t

the output of the detoctorhkhen the loop is not locked .

	

ig thcse valu s
ro obtain T = 1 .5 X 10

	

sec ant) T = 3. .6

	

0-5 ec .1

	

e chosen. val u

for the rosistors-and cupacitcr are R, s ; 100K, R = 1K, u-10. C

	

0,0. 2 m,lf ,

These approximately satisfy tle above dosign critoria and have

	

tound

to give satisfactory operation . The opcration. l amplifier used

Fnirchild ADO 27-D) ha :; a gan-band with product of 1 .5 Pis

	

,hua. its

response does act affect the loop chaacteristics .

*1ncrcaso of 11 2 .duces phase ;jitter (display Lisonjous .ure using

	

:1:U s
KY and re;eronOc hut tso high a value rosults in spurious looks,

	

rticularly
with control voltage near zord, end of rane . R2 3 .SK is near optimu h
value .

'au
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P .=-so loch circuit encludi:2g the oscillators and the
harooaio mixer is shown in ig . 2

	

This couthi.t , second phas e
detootor to indicate when tho system is in

	

and a sweep circui t
to search aatouatioally if the loch is los . The two phase detector s
aro fad in he ssme phaso from the IV output sin .4.1 and

	

phas e

quadrature from tho 3 MIT reference signal which passes throug h

'',a

	

anci Phaso lead networ'ks . The outputs of the two phas e
detectors are filtered to romovo radio fuency . compenonts sum applie d
to the inputs of two operational amplifiers . The loop amplifier }'a s
the same foodbach component&as shown in Figy

	

with the valucs derive d
above . When the op: is loc7ied the output

	

the -loci phase dtecto r
is held hoar- ero . volts, and ,:ho output of the locindicator phase
detector is a negative dc voltage for a low loci

	

oscillator
frequency 3 ;ii ,:$ lover thau the fourth harmonic of the 3baud oscillator :
and positive for a hiF loh . The fee 71c4 resistor of the look indicuto r
amplifier provides a gain of approximately 470 which is sufficient + 4

saturate the . amplifier and protuce an output volt ,, ofLapprozimat o
-12 volts for a low loch hud -12 volts fez. h h 2 loch.. . The type of
amplifier used,

	

Las no difficulty recovering fron

saturated condition, The low lock is c%ooon as

	

one rouixed for
operation of the

	

stem, and this condition is indtoatod by olosuro o f
the loo!z relay thrcugh tranSiStor Tl . 7n n ,' loW loc . Condition t

collector voltaGo of transistor T iso.;ypioally O .C2 volts, hut_ .i

	

l e

lock is lost it „o .-s

	

to ld,5 volts, ?ho oollect)r dc',t .f7-;e of

spp'„iod

	

-e „7

	

: ro; .utor S.r th . su.. .uin!; juc :;e of !o.c.: lo

ohd if t .o lc. ;, ._

	

lost, t :n hi ; vnl,ua„o psouced by T2

causos the output cf ha loop amplifier to, sweep ootiro in roltaga ....

The omittor of T3 follows ihis

	

ad v./ou it eachos -10

the gate tors:inhl of the p .u .t .

	

tralsistor

Typo DI31Tl) reaChci .soro volts

	

C . then. shoii.S no 0 .0 2
capacitor in the ri .r .?c.31Ltierloodt6 . lo: . ;

	

the am? .., lifier cutput
return. to zero, The'diode -t'{.es t.c.o os:ittot' o

	

T3 and r.ho .t .



gate slows down tic recolery of the p .ust . and ihsnrcs that tho

amplifier capacitor is completely discLargad . Thus the outpo vothf:,Ie

of the loop iucplifier i the shsonce of a lock is a sawtooth wavefor m
sweeping fron approximately 0 to -10 volts with a frequency o f
approximately

	

cis .

	

the revircd control voltage for the M- Lane,
oscillator lies within the sweep renge the systeil will eutanaticall y
go back into lock . Since the frerluehcy of the X .-b . .d oscillator increase s

with Increasing neative contr , - voltage t ,e low lock condition will be
reached before the high lock as the loOp amplifior sweeps . U however the
system finds itself in the high look condition tee negative signal fro m
the output of the lck-idicator amplifier acting th5:°C)agh trsnsistor TA
causes the p .u .t . to discharoe tho loop amplifier copacitor shd
the sweep

	

tin : The output of the_ . lock iudicator :cplifier alt3o. proCace

a negative transient hs the system approachco the required law lock nad t o
prevent this triggering the p .u .t . e time constant o$ 30 ms is inseteJ
at. the base of tho trnsistor T4 . The emitter veltag

	

T5 i f ; ':&:= o t
0,4 volts higher thah the output voltage of thc lo

	

a o2lifior, and i o
used as An isolated output forremote monitoring of tho operation o the

syste, The complete circuit shown in

	

2 together with as .a e l

control circuit- is m ounted on s printed circuit board

	

imension e

e . The inpu and output conmcct .one co the beard are shown in

The follo7ing procehre should

	

usd for ,justment of the

	

_so

lock circuit .

I . With no

	

or reforcnco i

	

tho trimacr 0f th e lochinuicato v

oa.. Iifier is adjusted. for more output volt :Igo from the amplfier

2

	

With =

	

or reforence input a:ia wit the 4 .7 7' resinto r

disconnected.

	

tto summing junction of she cop amplifiem, tho trimhe r

at the

	

ouplifier is adjusted for sero drift . .s he of thc a 1iiit

tpct .

3

		

The input of the Icc%-i dicator anolifier is consocted the ugh
to

a 1 M7I resistor/15 volts to siMuasto dctection of a high

	

Th c

ontpa

	

lt4

	

of the :nlifier is thch tyoicolly 12 .5 volts,

	

hi s

should be ohent I volt -oso negative than. the output -:..

	

. .ne . be

at the

	

;'ative ;oak of itS voltas sweep so that a high lock will tr i

the put

	

To achieve c-is comlitien the rnnge of the swor: LI, : the Is

nvplifior can be hdjh . .cd y triFxhing he 10 h or 100 t

	

ator
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conheated to the gate of the p .u,t,

	

swoop range ot the outp ui of
tho loop anplifiar nhould o typically -0 .4 to -10 volts .

C . The IF

	

..''''I	 „.
Plase Loch

ho circuit

	

tho 'i,r amnlifior desionod for the phase loch votm i n
shovn in Ins, 3 .

	

she signal to he amplified is at a frequency of 3 fi'T:12-. .
The amplifies! c :ynsista of two PA7000 t Philoo) microcircuits which have a
nominRtl gain

	

4._Z db with input end output ilqpc:Iancof 00 ohm . The

froquohoy re.2.,pose of the amplifier is controlled by single T-sotion
10 pas filters at the 1 at an outpu by a double T-oontion high pas s

filter b6tweu ti-.e two ntag. s . The out-of fnequouoies aria 2 ME:1z and
5 Mnz, and the theoretical valuosfor the inductors und 1pacitors for a
50 ohm characteristic impodanoo (hoe Rofer.once Data for ladio Enginee r

4th Edition, pp, 16C-150 aro gIven ty

	

= 4 .0 uH and Cl,

	

o r
2 -Ma, cutoff

	

u.oacy and LI, = 1 .5 un and C, = 640 pf

	

r+x hcuto :,t t

frequency of 1.1::z . The value ulod re chosen fraa tho available st ,rch

o=ponents to approrimat e the theoretical valuesi The resonss of tHr

oLiplificr Vpically poaluo oloso to 2 .0

	

and

	

:1 s̀:e,1 Douse a j. 3 .0 _' " ;o

in within 0,2 db of the nlnmimum . Mo.

	

,,ponse in bro

	

and. the

	

0 b

intuaro tyDically 2 .4 E4 -a ; 4 .5 Ma . The gain

	

ands en the

oharaotoz'is :Les of individual. microcircuits and for t- firit three uni t

conatracted 'no values

	

at 0

	

wore 72 `$b, C ' GF' .., .L 7 . b . .

The hia adjutalont of the fir et microcircuit Should ho set fer .oa ..

giin and the ndjustitoat for the second microcrcnit should

	

nen y

wutimum

	

but for miniunu distortion of tho utput waveform . Thi s

beat done by using a S

	

siguaJ .TeaKat.oT and displayi

	

tno andotsOt o

a,uplifier output en :,3eband

	

The manimun unditortod

output voltage eh)',.ld, bp at least 0,6 ;nits peak . rf .x1 t; ia of the n!,aplitie r

f; S

dw..,omd critically on the auly voltage -v:hich during operatioa fLhould

rc,mnin within .05 veltn o thovaluouaed whoa adjusting

	

triaaeT o

of the microcircuits . Th2 mplifier aloo contain

	

datooto r

t!i IV IeVsl .

Tno amplific is eonstructod on a coppe olo loard I s M ti a5 - Oy

3 5 , i cheo and -7,ounted in a dic-O:!aC

	

Vloctrohic s

:rho otaility of the circuit was groatly.

	

;o.rovod by groundin- . ovd

at ono end of -; ho boa: valY, aad for tb.As rensa ic col,' 3.ed ..

	

,

a transformar raa cousistn of 2) tunns of n .,.;nnnr $2 wire wouh .fi

	

a

ferrite coro .,

tRofers to +6v; individual rogalotord

	

ol ii im .to this difficul
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D. The Level Cortrol Circui t

The output of .the X-bnd oscillator passes through a curren t
controlled attenuntor (1P 3505 . 3357', or 551), to Lold ooastat t h
current measured by the level detetor . The attenuator Ls controlled
by-a cecond .rdcr loop with ono AZC-27il operational amplificr . The
signal from tte level detector is offset by a control voltage gx c
a 10 it fixed re or and a 20 N potchtioAaetor . This is used to sct
the poer lcel reaching the mixer of thc interferometer raaoivi l
systen for o)i;imun noise figure and freclusncy response . If the
current

	

Ottenuatox xoqul:ros a positive his MP 350 filo
level dotectcr should prod ace a negative signal and the 10 K resisto r
from the levol coatrol potentiometer should be returned to 3 vc1ts .

If the attetnator requires it nogativ-e bias MP 3505 ox 351) the

polarity of :he detector crystal sheuld be reverseand the 10
resistor rotI:mod =0.5 'volts . TJle levol control circuit ee,:C.ndihg thc
potentiometer is mcuated on the scale circuit board ac

	

phase. looh

satem and :rrovision is made to connect the 1 K resistor Of hc lov e
control potsatiometcr to . either +15 volts or l5 volts by changin g
single ju gs p conhoctioh .

t

	

t iThe rimecrpotenomcter of AD-27B anpliffer should bo set A

drift of t!v amplifier ontpvt with the iaput levol detector disconnect

and the20 1. level set potentiometer at thc sore resistance cad of its
range

E. Physic the 1,%so

	

ch. h ..Io

	

Control C7stc-c

The co.1wens which o;vprise o ptaso loob 'stcn with the
exception of tba

	

'oscillator and the 3 F Ts reference lovol
oscillator aro shown in 1=igs .

	

5 . . Thc coponchts shown in Pig .
are mounted in a ho.7nof dimensiohs .

	

3

	

7 -'-' .hlcfa is mo...,ted
close

	

to m.imerih the box at the ecd o: , ach satcha . Ths cntins
all of tae phase loch syctem oMoo . tho power supplies and oer :nin mnitor
and control cor„=.pouohts which corlpri , the local creillator C[ .:1' :. . .. el 'c ?'L . . ..

(Fig ,

	

c,col

	

3n

	

one,,osure ,gt

	

0 1=

antenna . It contains two 100

	

of
continuous monitor of the output level of te 's

	

I; a cocillater

	

the
other can be anichcd to monitor the lovel cf the 3

	

lF sign,

	

the

3 MKa reference signal, or tho iceate

	

ontrol

	

amlied

	

the

See rigs . 6, 7 and S .
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oscillator Thc control unit also contains the potentiometer fo r

a4justment of thc local oscillator levol, and a lamp to indicate when

tho system is in loch fisap oa ovals in oct) . An oitput contact fo r

a second loch indicator lamp in the main control room is also availble .

F . The band Zaferonce Signa l

The 8-hand 'oscillator is located in the main laboratory building

and its output is fed tnrsugh a cable to the equi7ument building in th e

center of the array where it is split five ways using four hybid .

junctions (Narita 3033), arranged so that three of the outputs each

contain one qu.arter of no input pewcr and the remaining two outputs ,

one eighth of the input power . The low power outputs go to the tv

closest antennas . All cRbles are 7/3'' Cpirpline arid are buied . The

attenuation from the IshDratory throut7h the power splitter to the base

of any antenna is 17 to ID (3'o . A further attenuation of app .. , " _ .F at

4 db occurs in the cabloe between the ground le:eel and the feedbox o f

the antenna . Assuming a total loss of 23 db to coach antenna where I mw

of power is revired at the harmonic mixer, the power required from th o

8L Ienud oscillator is at least 0 .2 watts .

	

capability of 0 .5 to 1 watt -

output is dosirable to car-or loss of gewer

	

the oscillator with . in2

end any edditioaal loss in the transmission system .

The difference in the lengths

	

the cables to the closost and the

most distant antenna is spproximntely 225 ft . O'he c bles

	

directly

to the antennas and no attempt is made to ecitialire the. len. s,

	

Thi s

difference is

	

ual to 2,00 aveleas at 10 .6.0 Wiz s d luts

	

rque-

meat on tae frequency stability of the oscillator in terms of tolorac7l e

relative uhase shifts

	

the anteanas

	

if u T.axlmnm

	

'error o f

or 1/30 of a frin . can be tolorated t :17.e oscillator frequency rroet L s

stabilized within one part in

	

7

	

10 . A crystal controlled

8-band oscillator is therefore re4uired . The reuirements of the

Oscillator can therefore o saLmaried as foilows

Fre ,11 3acY 2673 .2 5
1:raqueney sability , part

	

105 or bette r

Output power 0 .5 to I watt .

A solid state Shan source with built n crystal control of the f ,

which fulfills the above requiremnts is afilablo froyi Microvre
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Technology Lhl:nratorios, MOdol ITF-0 . The .33;od osoillator
consist eithor of this

	

or a Sperry :42 klystron wit a phas o
lociz froquoncy control .

C .

	

u'.. 3i p ia CoK.,monc,ts

Sband oscillator
3 MHz oncillctor
4 Narda 3023 hybrids for power splitter)

Oscillator :nit 5 ecuircd )

Fairchild M-II13F X-band oscillator

3 MHz I . F . pmplifier

Circuit board
3 Vairchild fl0-27B amplifier s

2 Ttelco:n M6 oahloalanccd :"ii ors (pas oletectc

H.P . 3350 current-Coatrolled attonuator

2 O.S<M . 20156-3 hybrids

O .S .M . 20066-6

	

raw, coupler '

Mar:a 3003-10. 10 dh coupler

A,r .L. 2N3 110C mitch for modulated reflec t

2 Sag101 dotectors or

	

21:%')Z C; c:'i:ecc.4;r's

Ocillator Control Unit

	

rquire'6 )

2 C::

I Con .Avioni

	

H-22-03A
.y2 .Simpsca 100

	

;:;.Ictors .

	

ir1e-ue

ooroyl. im.at

	

'table I„ .-:',slF:.ths .1:to ,

7!e 1:drolih .., lab . tz array ceatcr

/8

	

arra:7 center E. ilia f h '

2

	

Ni

	

Sit .

	

2S0 :Ct,,

	

130 . ft . =

	

31C' it ,
7/8"

	

g.r:;ond bo :.%: to :Z cod boN t 5s al,'itoonas
5

	

CO

	

:3.t ,.A e

lab, to each zutenaa

	

3,!:3r reflonce to fccd

	

: .1G :1f t

RCZC3 lab . tC each antina

	

relloctor Crivo) :?4'1 3
RG5gmtad hoz to food

	

on .antenaF: 5

	

3 ' f
(Iovel u,onitor)

tt .
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. 13 conOudtogroand 'ow: to itad bo;,: (oscillator unit s
to coatrol units)

	

400 It .

2 conductor cable, lab, to each antenna (lock indicator 2010 tt,
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VIVE-ELT ArTAY

A . Th=pson

r:sr.7%ecte .1 Varistions in the Instru:nontal Phas e

Irk the operation of tho five-olollont 7:-hsd array it is or:poote6

that for each observation of a source u.n6ow investigtion, ono or .frm

observations wi .ll also be maile of a oalibrstion source to doter e

the instruental components of the phase of each of the ton. fring

pattorns . To obtain. a two-dimensional brightness distribution of a

source using rotation synthesis requires observation ovcr th e

hours of available tracking In hear angle . One cannot proflict w) . I,!?

certainty tho nubor of calibrator obsonvations that

	

be naossary

to establish the instramontal phase and its variations over a ton -hour

observing pcrioJ . Nowover, it will be shown that the main varrL'tioni,

in instruioental ph.ase are likoly to arise tO.ough therl oifeet

tho oleetrical lengths of the cablcs caf.r ing the local oscillator

synchronizing signal . The phase monitoring system. allows th e;;
variations to bo are',: at any time durin al obsorvatioh a n

oaable tno phase to to ostahlisho using only one or

	

calihrato a

obsorvtions for each observing porAo .

The signal r, :eceivol at the fco1 horn of tho antenna passo s

a dixtional c o l

	

, a lYaveguido switsh,

	

tu_nnol

	

arapljfin ,

sovoral lenths of interconnoctin wavozuido before ringhe mLz:oor .

The total e'!..eotrioal 1er:on of tsignI

	

,t 1a in not 3 r.) 7,

Inote', onci

	

la ! ost day-to-night temporatue variation ,
will havo a no;;Iigiblo effect e the 1:haso ionth o:: this path .

afoot of tho temponsi:nre variation of 1 a tuonel di :' r :̀ .

	

Iiiors a s
not yet boo fally in7estigato but thoae ,sits

	

vory

cons uoption an:1 can to well isoltrte'.1 therm aily 77r7al 1?u%si0a
al t iOn

	

The :ocoiving

	

accoa the rosor .s;es .at. Th o

input both nhova aaA below the looal Js.'}llato

	

it

	

:I l
I

	

that io this, osso tho phane of the interfortor fringen i s

in0opondent. of phnoo ol .nges in the

	

sigani path (ea ,

138,1) . Thus t a r e st imortan :;

	

ins't;raental

	

Orit i .s
to be e

	

Incnl os ;Tlonf

	

;

	

nl .



Clint No . O';::' 2
I2/i7/69

Tho local oscillator is a solid stab unit (Iiairchild Y31113 or

M.S(107?!F) which runs at a frequency o : 10 .69 CHz wad is phaso locked t o

the fourth harmonic of an S-band signal at 2673 .25 Lts, minus the C .6 Mir.

i .f . reference (sea Clint No . 285) . 13oth the Shand and the 3 .0 n1 s

signals are derived f 'on crystal controlled oecillators in the main

laboratory building . The S-band sign .sd is transmitted to the delay

building threwgh a buried cable apd then divided into five camonent s

which are each transmitted to the base of en antenna through lenL:Lhs of .

327-080 ft . of 7/8-inch Spiroline buried at a depth of C ft . rurlher

lengths of the same cable totalling approxialatoly 100 It . carry the signal

up the antenna structure to the front end box in which the local ostillttor

is situated . if we allow for an e:treme day-to-ight temperatur

variation of 1 °C for the buried cable and 20 0C fcr the lengths et.no

antennas, and tahe tho coefficient of electrical length of the cables n s

equalto tilt: expansion coefficient of aluminum (2

	

10 5/ 00), we fihd

changes in the lengths of the cbles, of 2 .4 mN in the 'parted portLc h

12 mm in the unburied portion . These would give .rise to a total 2_ae a

change of 1800 at the X.-band oscillator frequency . The corrospSit . i .

effect on the phase. of the 0 .0 C _z signal is entirely negligible .

temporature . chnhges occurred slowly and uniformly over the whol e

the differential changer in instrumental phaso would probably be ogtigible .

In practice, howover, the o:sosure to direct sunlight will vary f!cm ort .

antenna to nother, and we must assume that, particularly hoar tl :tos of

sunriseandsunset, the teperature variations in the oscillato r

cables on the antcnna will giTe rise to variations in the. phase unles o f

the fringe pntterns which are a subs trent ml fraction of the (thected loca l

oscillator phase drift of 1[300 .

The Phase

	

Otstem

The method of measuring the variation in the clectrital longt of

the path. of tho S-Usudyeference signtl is hosed nee the tehuiq U -

devoloped by t-lwarup r,ad

	

nt r;tanfor

	

thrup, Ct and cn[: )CS . ,

161, Traus .

	

AP-r?, 75) . . frnction

	

the signal transmItod by

the cable is returned by a re-fleeter at t!acoes to and and combined -siS h

the outward goin sighsl to form a standing wave pattern . The rofItctot
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ib modulated so that the required component ean be distinguished fro m

other reflections within tho syotom, The chongo in tho positions o f

the minima of tho standing wave pattern indicate corresponding chango s

in, the Iohgth oil the cble, since the electrical distance botwaon wi n

minimum and tho refleotion point rcmains conotant . A modulatedreflcctor

is located at the input of the local-oocillator synchronizer unit in th e

front end ho;t of each sntonno, end a modulating wavofcom .con ho switche d

to any one of the fire reflectors without disturbing tho observations i n

progress .

A block diagram of the phase mK':nitoring components in shown i o

Fig . 1 . The signal from the 0-band oscillator passes through a direotiona l

couplor, a circulator, and a tuner . end is then transmitted through ?.(iO ft .

of buried cable to the power dividor in the delay building . `rho pttoir

divider consists of four coarlal hybrids . A component of the sigo :', i s

then tranamittod to the local oscillator synchronizer

	

Each .^L?.°.;P.', :e ,

a smoll fraction of this is coupled off through a 20 6h oooplor to a

modulated reflector and returns down the cable onteriug the circulator a t

port B and emerging at port C . The roflootod signal is than cobinod i n

sohybrid with a compouont of the forward going signal from the 2- 3- ;tn d

oscillator, the phase of which can be varied by is calibrated ;ease _ 1 .- '. ii r,.

The output of the detector contains a square wave at a frequency ofiuo i

to the modulation trec;oonoy of the reflector, and this is amPlificO and

rectified in a phase 6eteotor, oad its am)litudo is displayed oh.

	

cooto

: .Aoro Meter Ao tho phaoo shifter is varied the meter indicates the oooi -

volent

	

1 ."g wove pattern, alternate poiimo boing positive end ngative .

Lot us asoume that the phase shifter is adjusted so that the oat

seats stondiog- avo minimum . A, change ~ in the poi:4 length o f

tho cable to tho antenna will produoe phooo clangs 4AV% in the phoz o

of the reflected oigool kthio is equivalent to a path ohooge

	

0 oioce

the Signal travoroos the cable in both directions) . The

	

ear. Lo

returned to the stoodiog-wovo null by an equal phoo change in ,he

ealibrated phase shiftoro .. The chshge in the pboso of

	

stgool arririog-

ot the synchroodooor unit is 20/%, or half tho change of the phio o

shifter reading . The phooo shifter i.e a l!ordo 1dodol 3752 coowlal phas e

shifter with a Oigitol output reading, which is calibrated to an ooooro o

of 0 .25 olm in oooiviloot poth .lomgt%, whloh oooooopondo to e of phoo o

tho .X- bond ooeillotOr otgOol,
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Operation of tho phaso ;_%:oasurihg system an described above retwiro s

a preliminary

	

umt: of the tuner at the input o : the cablo to the

power divider . Since tho rovorse path attenuation of the circulator is

onl:r 20 to ZO db,. an unvanted component el the osoillator signal loa s

through frear poet A to port C . This omponent, thc; lof2-c of Vai chainE

constant, os plhinos with the componont grom the cal!)rated phase shifLor ,
effectively poucinE/p%so error iul that signal . To t,linimi :ao thi s
effect the tuner is set to reflect signal back into port B o: the

circulator that will cancel the unwanted component at port C . To adjust
the tunor tho modulation is switched rom. the reflootor to tto diod e

switch at the output of port C of the circulator, anO the oonnectie n

bet en the calibratod phase shiftsr and tho hybrid is opcnod . Tho nly

signal then roachilhg the detector ih that from port C oftho circulato r

and tho tuner is adjusted to minimimo this signal f'ho indicated on th .,

output meter .

D r ::1 n r

	

:11o S vs te'n Com.n3:-k'c : 11 s-,

	

.■	 , : c,

	

, ,

k e S.-band oscillator is a ContllahS Dade]. 27030OX and provid
total outpvt rowcr of 1 .0 watts . It consists of a solid stat oscillato r

injection loskd to a crystal Osciflator at a basic fretluency
13S rllfz . An output at 1 ;

	

is avaiable so that the

oscillutr staUlity can bo monitorovI using our F;ewlott :6nokard ii .

fouen.ey oeu.nter and 52

	

frequOyy oonverter . Sinoo we ero att..7;

to mascro to an acouroy of 0 .25 1.:= in. % r-,i3 motors, or 1pxt in 6 2: le

it is nocosSnry 1 :O 3now the oscillator requoncy to a similar

	

Frroe of

accuracy .

	

accuracy of t ; HP

	

frequenoy counter is ;:out two

ordors of y;ac;itud hottc:-! thau this reuircont .

The total atteuntion frov,l the oscii1stor to the synchroniso r

io estimated to he'2Y db, of Which 1,

	

resnli;s

	

50 foot

	

7/-in

wish Is buried,

	

db rcsftis flom cables on the antnas, an d

9 6b rcsnlts trom tho power splittin

	

aesumo

	

w ,xest

	

5( : :hov e

the Signal

	

throh. throo hybrids . , iAth a 1 watt bs;AUator T i . .

C3 .'_' powor is accjlabL at the synchronier

	

shonld ho 5 :; 10 , 1 . )

more than the minimum roQuiront . T'ho attenuation throuh he cocplo r

the modulated :r

	

+k involves a further

	

dh so, that the lcvo :c of t o

refloctod signal et port n cw f tho oirw7.1ator is t: db below th leol of
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the outward going sigtal . Tests of the system using an S-band signa l

generator indicate that/sitivity is sufficient to allow measurement s

to the required accuracy, although it is not yet possible to matc.a mesure--

manta using the I watt oscillator since we are waiting delivery of thi s

unit (December 17, R39) . la an earlier 8 t u6y (Az- Thompson ,

N0 . 251), it 'n.s found possible to ma%e phase measurements through a

total atteuuation Of 62 db for the one-way path from the generator t o

the reflector .

As a result of the use of a 20 ;lb coupler tp connect the modulat o

reflector to tho 5-ban cable, any nuOulated component that enters th e

aynchroniaer should be at least. 60 do below the syno'Loniming signal .

(assuming 20 0b directivlty for the coupler) . Any phase shift resultin g

from the appearance of the reflected component at the synchroni :zer input

is therefore negligiblo . An isolation of 40 di) would result in a

P 1-70s shift of 000 , and it should thorefore be entirely satifactory to

use 10 db coulers . It:owcvor, the 20 rib ouplors were already availabl e

from earlier projects .

The modulated reflector consiat of a Conial diode switch (Lelab s

S,.211-112 or AEL =11GC) in which the power is transmitted in the 'on '

condition ,uld reflected in the 'off' cndition . The switch can be

terminated ia a JO ohu load in . which ease the power picked up by the side -

arm of the couplor is

	

sorbed in tilt 'on' condition and in thet 'of f

position the power is roilecl:ed bac-h down the side-arm 6 1% of it i s

couple'„ buck dewn the mein line . XI however, Instead of a load th e

switch is termi:c;nted in a short p

	

f? quarter wavele sth beyond the . .

'off'-oondition rcilcutionpoint, both conditions of the switch then tv e

rise to a reflection, but with

	

(tfforence in phase . nis'arrangcmen t

doubles tho , Y Baal at the phase dote fox', and has therefore been use :1

because) of t, 17e bettor

	

nsttivitt:+ obi dined .

The switching rt?uentl used for he reflector is 1 .0 IUis, and a

circuit (liaia :.t of tho switch dritor and the 1)ha.sa Ootap :;or 15 showu tn

Fig . 2 . This is similar to the etrani described in an catlier rep:-tr t

(h .n . Thomson, Clint net 25CO hut has on .i.protcO scuerewavo output

stage . The multivibrater is drivcn in adivido-bytwo ;f' . do frcu a 2 i S

tuning fork oscillator (Creouray k'202) which is net shown in the Otazt, m

Tho tuned amplifier

	

E.ewlett 1,ackard 41E2 Wiq. motor nnd hus

	

wit:7 a

vauge of vs table gain

	

which is a

	

in i:he :LS
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adjust eat of the lino tancr .

The tuncr consists of twe units in series, 2 double-stub tuner
and a ts.1 ide-s2row tuner . The adjce p_ llt is na6e as closely as possth 1
using only the double-stutb tuner, the setting of which is the m
Fin,:4A adjust en t is =6o with the slide cot: tuncr, and since only

all pentratf_on of the tuning scrw is yequired, a hi .gh degree o2
cancellation - the cia-ulator leshne signal i5 readily achieved .
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LOAD-GO FORTRAN FOR TIE 2114B COYPUTER WITH THE SRAIOS SYSTE M

Larry R . D'Addario

Operating :instructions
1 . Turn on the computer, the DICOM cassette tape unit, the

Hazeltin CRT, and the Line Printer .
2 . Place the

	

FORTRAN tape in Deck 1 .

3 . Prose Ha LT ; press PRESET and LOAD simultaneously .
4 . When the computer halts, press RUN .

5 . Prepare the source tape .
a. If source tape is already prepared, place it in Deck 2 and

6o to i step 6 .
b. Place a blank tape in Deck 2 .
c. When ››. appears on tbo screen, . type WRITE 2 and then pres s

the SHUT and XMIT keys simultaneously .
d. Type thei source program, with each line followed by SHIFIT ,

The first line must he the compilor control statement, whic h
is of the form

FTN,B,L, A

where 3 specifies that. a binary object tape is to be produced ,

L specifies that a source listing is to be rouced ,

and

	

£i. specifies that an assembly listing is to .oe prduced .
Specifications L and A are oPtk.ixl but B ie reqAired fo r

LOAD- 07.=TRA . Normally, optical

	

is not selected since the
assembly' listing is very long .

e. After the lest source statement (which must b ENDS) is entered ,
press .n .-. CONTROL key and type D simultaneously .

Strike SHIFT-XMIT .

	

An end-of-filem,rk
thin written on Dock 2 .

f . ...After >›, type REWIND 2 .

NOTE : The source program Mast he on

	

1of the tape in
Deck 2 . The object progrm '?ill be written on File 2 of the

same tape .,- .

6 . Place a scratch tape in Dec% 3 .
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RU FORT,,G .
7 . After >>, type

	

The program will now be compiled ,

loaded, and executed without further operator intervention, except a s

noted below .

NOTES :

a. If a listing was requested (option L or A), it wi l l

appear on the Hazeltine screen . If SSW 10 is on, the

listing will also be printed on the Line Printer .

b. Compiler error codes will appear with the listing .

c. After compilation, the program is loaded with all the

required library subroutines . The loader produces a

listing of the locations in core where the programs are

loaded ; if this listing is not desired, turn SSW 15 o n

anytime before loading begins .

d. If SSM 14 is turned on before loading begins, tho loade r

produces an absolute binary tape on Deck 3 for later

execution ; the loader then types MEND and the program i s

NOT executed . The user must then write an and-of-fil e

mark on Dock 3 before it is rewound ; to do this, manually

rewind Deck 1, execute stops 3 and 4, type WEOF 3 . The

user's program will then be executed if he type s

>> REMI 3

>> LOAD 3

e. IS the computer halts at any time before the compiling -

loading process is complete, an error has occurred . The

user should try to determine the cause of the error bY

consulting the HaP manuals and the notes posted near th e

comPuter . In some eases, the error will not cc : ear again

if the compilation is tried again from step 7 afte r

manually rewinding 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 fil e

2 of the tape in deck 2 as before ; however, the progra m

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



*

*
The addendum provided at the end of this glint describes equipmen t

purchased after this glint was written .
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I . Line printer turned on and selected . Teletype powe r

off .

: .

C

(both switches) .

...... ...... .

(.
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GLINT NO . 43 1
August 13, 197 1

Mg: SILU OP:CPATIN(.'r SYSTE M

O .J . Grebentemper

The Sl'.Al Operating System (31110S) was Written to allow more

efficient usage of the available core o: theUP-2114D computer . I t

replaces the following D1COU slpplied softWate :

DY.C:;'d X0 .

	

NA'31 :

34d-01012R

	

IlP fl System Loader

3d4-01013D

	

ITC TT-Y: SIO Drive r

34440101?D

	

IT;: 241 S10/D10 Driver

In addition DICOY:l

	

. 344-01019B, HPC 6-iT03-11'Executive wa s

modified to 4? 11 owproper linkage with the SR:ilOS drivers .

CRAIOS was written as an overlay Tor the DICO!iisul-,ped OMO S

sstem . To generate a EaAlOS system tape the CHTOS system must be -

resident ilcore . . . The absolute ontinIt o S - 03 is then

into core, and e.7.OcUtion is began at 14DC;403 . A SRAY03

	

e may the n

he genorat . using the SYS= command . ' Since, in SnA103, the DI O

entry point is 170003 instead oT nOOOB

	

cT the D .=

for the UP procesos must be chaVed . Processors linbed correctlY

for S;ZA103 are rai.lable on the SWOS pinr Object Taps, tap e

Use of this tape is identical to tho (;L OS in eery Object fae, as

described in the =9S manual .

The Fortrn cmTiler on the

	

Piny' Object T41e is the 1Ttes t

version o2 the I-q-P rortru Compiler =;No. , 20 :

	

Operaioa is identical

to the old vex-sion oT UP 3?o7.tran with the enception that

	

symbol t ::1o

may be obtaincnl by socify l ng

	

tt, 1.77 in the rrtran control. sttenchst

The Portran oer1ny has been chs.nged such tat the listin otput not!

produces a lire number or each line, and bleabs the listing into

pages . Also by spect2ying a G. in the first Icarst-later tositica oT the

cond, the I'!ortr :,,n 1b> : ii operate as a 7tc= .:- _n

	

`e Potra .J . For tht

type of operation . te IT ortran source Llnst be on the :+ : .i at Tile o'-' . .he

tape in Meek

	

and ascra,tch tspe

	

Oe

	

,?ec!-. 3 . tho relocatabla

}.Firvy object

	

he written in the ecri ttlo oT thc 1: :! re in Decl :
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If Switch 14 of the Switch Register is on, an absolute binary tay;o

will be written on tech 3 .

Listings of the SRAIOS e7!d Fortran overlays are avallable in. the

D7.CM CMOS 11 LIST17GS noteinok in the Butler Building .

Si-:AICS system o,2eration is the sane c.s described in the CYTO S

manual with the following excelations :

1. lf switch 1 of the Switch Register is on, each line written

on the Eaeltine is also written on the teletype (the line printer when

it is installed) .

2. If switch

	

of the Switch Register is on, outpnt on th e

E.tmeltine pauses after each 28 lines of consecutive output . The output

resumes when a single character is transmitted from the Nazeltins 1 :eyhoard ,

Me COPY c4J3mland mode default is now Binary„ not ASC II . Both

binary tr:d ASO 11 to 'es nay be copied under the binary otion .

4, The VERIFY command node default is 1.1ow Binary, not IS C

6 Entry points for the SIIAIOS system ;

140i)

	

CMOS-11 Enecutive

140041:

	

CUT:)S-11 Eecutive (no rew ;..ild Dec::E. 1 )

DIO

37105B

	

Xeyboard Input

3T171

	

System Input

System Output

Listing OutpiAt

6 . Load nap for SaAIOS and 1zo :utive

IZOO011

	

13 . .53B

	

Storage

i31 ?J .. Li3734B

	

E;:ocutive

367C!'i ;

	

fnATOS Driver s

32.5 ;

	

35'377B

	

Oyste L,us.63r

87700D -- 3 7277D

	

Bootlc : :dor
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7 . Load Map. for SRAIDS and Processor (using D%O )

0 - 30477B Available for Processo r

30500B - 30077B Available for Processor overlay

307002 0751B SnAIOS D2ivers

37534B - 370773 System Loade r

.37700D - 37777B Bootloader
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GLINT NO . 45 9

February 3, 197 2

DRIVING INSTRUCTIONS

R .S . Colvin

The five-element array involves large structures driven by powerfu l

motors spread out over a considerable area . Normal operation include s

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 b e

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 contro l

panels switched ON, pilot light on .

Refer to the appropriate figure for locations and arrangements o f

controls mentioned below .
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Operational Procedures :

I . Normal use

A. Carry out procedures on Control Room Driving Check List [Fi g . 5 j

B. Antenna driving instruction s

1. To Exit Stow : Manually unstow each antenna . (Al l

STOW lights should be lit to start and all MERIDIA N

lights should be on .) Place all S 4 ' s in STOW position .

Depress S drive button until antenna passes thr N

boundary as indicated by the yellow N boundary ligh t

coming on momentarily . (When first depressed there i s

a slight delay while the automatic stow latch retract s

before driving starts .) The STOW light goes out, th e

declination readout will indicate motion - of the

antenna and the declination drive motor current mete r

will be indicating . Repeat for other antennas .

2. To Drive to a Desired Declination when Unstowed :

a. Determine desired readout settin g

b. Set PRESET DECLINATION thumbwheel switch t o

N > 9000 .

	

(If this feature is not needed . )

	

PULSE

	

c . Switch S4 in SLEW position .

d . Depress S or N pushbutton as desired . (To g o

to smaller readout settings drive S.) Antenn a

	

Dec . Readout Panel

	

will drive in direction chosen . Depress STOP

button as desired setting is approached . Switch

S 4 to INCA, S J0 to NORMAL and depress S and N

buttons as needed to set desired readou t

value .

STOW
INCH

SLEW

5 ea S4

Dec . Readout Pane l

INCA

S 10



3

e. In some cases the pulsed inch mode is useful

to set declination . To use this feature in

the INCH mode, set S 10 to PULSE . When the N and

S buttons are depressed

	

regular short pulses ar e

applied to the corresponding contactor and hence

the motor is inched in a somewhat controlle d

fashion .

f. To use the preset declination feature (the rea d

out counters and the electrical impulse counter s

should correspond ), set the desired number i n

the PRESET DECLINATION thumbwheel switch and sle w

in the desired direction . The drive motion will

stop individually as the antenna readouts (and

impulse counters) coincide with the preset number .

This operation takes place with S 4 in the SLEW

mode and it is necessary to leave the SLEW position

at least momentarily to release the coincidence

stop circuit .

3 . To Enter Stow : All antennas must be on the

meridian and S4 on the RA control panel i n

MERIDIAN SET position . Meridian lights should b e

on . Drive antennas north in SLEW mode until the y

stop at N boundary . Switch S 4 to STOW and manuall y

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

S 6

RA Control Pane l

EAST

° Modified 8-3-73•, SJ W

- 4 -

4 . Driving in Hour Angle : Four modes of operatio n

exist for hour angle motion . These are selecte d

by switch S6 on the RA control panel . (The

antennas must be unstowed .) Except in the cas e

of corrections all antennas operate together .

R . Slewing east or west is done with th e

switch S6 in the SLEW position . The pus h

button labeled EAST or WEST is used to start

the desired direction of motion . The STOP

push button stops hour angle motion in al l

modes .

b . Tracking at the sidereal rate is done wit h

the mode switch S6 in the TRACK position .

WEST STOP

IIiACK

Lighted Push Button s

RA Control Panel

+

5 ea .
Lighted Push Button s

RA Readout Panel

/

Depressing the button marked TRACK starts the

tracking of all antennas . The STOP switch

stops tracking .

c . Correction : Individual antennas may b e

adjusted in the hour angle coordinate b y

using the corresponding buttons labeled "+ "

and "-" on the RA readout panel while th e

antennas are tracking . Depressing the "+"

button stops the track motor, while depressin g

the "-" button stops the track motor and start s

the correct motor . (The correct motor is a n

induction motor whose speed is approximatel y

twice that of the track motor .)
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d. 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 6 and start slewing towards the

meridian with either the EAST or WEST buttons .

As each antenna reaches the meridian it wil l

stop autor.•.atically and its MERIDIAN light wil l

come on . When all antennas are on the meridia n

the dummy meridian light also lights . A

stowing operation would normally use thi s

mode .

e. Auto-track Operation : The final mode selectable

by S 6 is AUTO-TRACK . This mode allows one t o

start the antennas slewing to a chosen right

ascension using the EAST or WEST buttons

and have tne antennas stop at the desired right

ascension which has been entered into the

thumbwheel switch on the Decitrak readou t

panel just above the RA readout panel . After

a short delay the track motors start and al l

antennas begin tracking the desired righ t

ascension position . After this mode has bee n

used the auto-stop circuit must be released by

pushing the OFF push button alongside th e

thumbwheel switch before slewing can take place

during a subsequent use of this mode .



S
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C . Procedures if Boundary Switches are Actuated :

The boundary switches prevent antenna motion beyon d

a predesignated boundary . These function to stop all

*
antennas whenever any antenna activates a boundary switch .

Recovery from this condition requires driving in a directio n

[Dec . Control Panel]
away from the boundary and subsequently resetting the

limit circuitry by pushing P 7 the LIMIT RESET button on

the declination control panel . (Motion away from th e

boundary is always possible but after moving away it i s

necessary to use the LIMIT	 RESET button before motion bac k

towards that boundary can occur .. )

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

Southeast, Southwest, and West. . The North boundary act s

independently on each antenna . The other four operate wit h

the all stop feature . The Southeast and Southwest boundarie s

can be approached by either declination or hour angle motion an d

leaving the boundary can be accomplished by both motions . Nea r

the southern horizon the boundary is effectively one Sout h

boundary, and hour angle motion will be unimportant compared t o

declination motion .

II . Special Procedure s

A . Danger-zone operatio n

There is a small zone of operation possible beyond th e

boundaries . Operation within this zone is reserved fo r

special uses and requires unusual caution . Specia l

considerai:ions govern the use of this feature .

LIMIT RESET
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switches need be on at one time .

D . Emergency Stop :

A large red button on the RA readout panel labeled EMERGENCY

STOP actuates a remote contactor in the delay shelter t o

remove all power from the antennas in emergency situations .

To return power to the array it is necessary to go to th e

delay shelter and press the ON button on the contactor itself .

Since this is an emergency procedure it is necessary to follo w

a very cautious course before turning on the power . If you did

not turn it off you must obtain clearance from all involve d

people before turning it on .

C . Emergency Stow :

This feature is not present and all controls intended for it s

use are not to be used . Leave S (EMERG, NORM) in NOR M

position .

.. 7

1 . Danger-zone entry switches : On both the declination

(S5 ) and right ascension (S 2 ) control panels is a ke y

operated switch . Actuation of this switch bypasses th e

boundary switches of the appropriate drive system an d

DANGER ZONE

r S5 RED

	

S 7
LIGHT allows the antenna to be driven past the boundarie s ' into

Dec Control Panel

		

the danger-zone and up to the limits . However, it i s

necessary to hold down the spring loaded switch S 7 on

the dec . control panel to drive in declination and a

similar switch S3 on tie 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 . In any case,, only one of the S7
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D . Mechanical Interference Protection between PRIMO, SECUNDO

and TERTIO .

Since the three closely spaced antennas can physicall y

touch in some positions a sensing circuit has been installe d

to stop all antenna motion if the antennas approach a

condition where this could occur . If either PRIMO or TERTIO

is on the opposite side of the meridian from SECUNDO th e

circuit stops the drives . To recover from this condition i t

is necessary to locally drive SECUNDO back to the meridia n

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

contactor box .

CAUTION : You must select the proper direction to drive .

. Driving Selected Antennas .

An option of selecting antennas to be driven in hour angl e

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 the number to be driven . (Notice

the switches have a center off position which is not used an d

is labeled NULL .) The pilot light above each switch indicate s

the disconnect switch at that antenna is on and that power i s

available at the antenna .



I

e
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III . Local Drivin g

A. Go to control room and clear the local driving requiremen t

with the operator and/or switch the Hour Angle Select switc h

for the involved antennas off .

B. Follow the Local Driving Checklist posted in the contacto r

box .

C. Normal Local Use :

The local control consists of controls for declination and a

set for hour angle motion . In particular a separate sto p

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 Stow : Select INCH position of declination Slew /

Inch switch . Press S button until antenna clears N

boundary .

2. To Drive in Declination : Switch to SLEW if desired an d

drive into position at which point use the STOP butto n

to stop the declination motor . Small motions can b e

accomplished in the INCH mode using short punches of the

drive button for the desired direction .

3. To Enter Stow : The a:itenna must be on the meridian "

and the Meridian Set/Use switch S i8 in the MERIDIAN SET

An antenna is considered to be " on the meridian" when its meridian
switch has its arm in the corresponding hole on the hour angle wheel .
This may differ slightly from having the antenna's beam pointed to th e
true meridian, which in turn. may differ slightly from having th e
antenna's hour angle readout i.ndicating.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 driv e

stops and the LOCALSTOW button lights . At this point ,

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

4. To Enter Service Position : Antenna must be on the

meridian and S
8

in the USE position . Drive S to the

boundary position . This position allows the servic e

tower to be moved into place . Switch S 8 to MERIDIAN SET

which allows further ,,lotion south . With the help of a

second person drive S into the desired location . Grea t

care is needed since no protection is present to prevent

driving into the service tower, etc .

5. To Leave Service Position : Drive N in two stages to

remove the service tower and return the antenna to

normal use .

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

select slew or track/correct functions with S2 . EAST ,

WEST and STOP pushbuttons are used for slew . TRACK ,

CORRECT and STOP pushbuttons are available for these two

motions .
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7 . To Drive to Meridian : Place S8 in MERIDIAN SET

position and S 2 in the SLEW position . Start the

antenna driving toward the meridian and motion wil l

stop when the meridian is reached . Visual checkin g

of the meridian switch can confirm the location o f

the antenna on the meridian .

D . Boundary Switch Consideration s

No indicating lights are present locally for boundary switch

actuations . The " all stop" function is operative during loca l

driving so that if more than one antenna is involved it will be

stopped as well . This fact makes it important to coordinat e

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 MERIDIA N

SET mode, and on the meridian, then its SE and SW boundarie s

are disabled ; this includes disabling of the all-stop featur e

for these boundaries on that antenna .

IV . Servic e

The operator is to be informed of any service activity taking plac e

on the array and the required entries made in the log book .

Relevant Documents :

Glints : No . 325 - Declination Readou t

No . 326 - Hour Angle and Right Ascension Readout

No . 309 - The Mercury Switche s

No . 383 - Array Limit Switche s

Drawings : RA-628 - Common Line Reset Connection Diagra m

RA-

	

- Mechanical Interference Diagra m

RD-627 - Array Limit Switch Schemati c

RB-686 - RA Drive, Antenn a

RB-687 - Declination Driv e

RB-688 - RA Drive Control
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CHECKLIST FOR LOCAL DRIVIN G

BEFORE DRIVING :

1. PREDICTED WIND SPEED < 30 MPH PEAK (Forecast can be obtaine d

from the Weather Bureau . The telephone number can be foun d

by the observing console . )

2. FOCUS ROAD CHAINS IN PLAC E

3. NO OBSTACLES WITHIN CHAINED•-OFF AREA

4. (a) ALL OTHER ANTENNAS STOWED, O R

(b) PERMISSION OBTAINED FROM PERSON USING OTHER ANTENNA S

5. BOTH CONTROL-SELECT SWITCHES SET TO " ANTENNA"

WHEN FINISHED :

1. ANTENNA STOWE D

2. CONTROL-SELECT SWITCHES SET TO " CONTROL ROOM"

3. MERIDIAN-SET SWITCH SET TO " USE"

4. CONTACTOR BOX COVER LOCKE D

5. NO TOWERS, VEHICLES, OR TOOLS LEFT ON OR NEAR ANTENN A

6. LOG ENTRY MADE IF APPROPRIAT E

Fig . 2
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CONTROL ROOM DRIVING CHECKLIS T

BEFORE DRIVING :

1. WALK AROUND CHECK

-- FOCUS-ROAD CHAINS IN PLAC E

-- NO OBSTACLES WITHIN CHAINED-OFF AREA S

-- 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 . )

2. ALL PERSONNEL ON SITE INFORMED OF YOUR INTENDED US E

3. PREDICTED WIND SPEED <30 MPH PEAK (Forecast can be obtaine d

from the Weather Bureau . The telephone number can be foun d

by the observing console . )

4. INTERCOM ON (CHANNEL 6 )

5. AT NIGHT, ANTENNA LIGHTS O N

6. LOG SIGN-ON COMPLETED AND LOG CHECKED FOR :

-- NOTES FROM PREVIOUS OPERATOR S

-- VERIFICATION OF WEEKLY MAINTENANC E

7 . H .A . DRIVE SELECT SWITCHES ON FOR EACH ANTENNA TO BE USE D

WHEN FINISHED :

1. ALL ANTENNAS FULLY STOWE D

2. H .A . FUNCTION SWITCH SET ON SLE W

3. H .A . DRIVE SELECT SWITCHES ALL OFF

4. ANTENNA LIGHTS OF F

5. LOG ENTRY COMPLETE

Fig . 5
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NELI : P:N ON- t" ,IN'PROG'':TA

	

TM TAN70RD FIVE-E=NT ARM'
L-U . D'AMsrio

This Glint Ooscribes pro(graa MLI2, as of the revision dated

7/72 . Sono :.at .cats made e . o:. may not apply to later vevisions

the program . It 4; my intention to u , 767.to this Glint only if

program revisions are sUbstart ial, ()I' if thoy are lihely to caus e

confusion . The program: has boon operating for some time now, an6 i t

is belieVe.e to ho foo of significant bugs ; but if problo2ils . should alit

dis,orod,

	

att .tpt to doenment a :n(7 correct ;hen . Finally, the

reader should ho aware that an ontizoly now on-line prograal

	

so e

ay oe ws?itten, rsndorIng this Clint obsolete .

i7!FZN7,'lan IGSCIZITTION

OV=TING INSTTTi Ca S

	

IAI .

	

rZTLIK.B

	

IV .

	

PROPJ-::;,
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Ir . GENERilL DESCRIPTION

Th.is Clint describes art actual operating pl'o2am for the HP 2114E'

computer (Earlier C,;,lints 1- '
2

descx-ibed proposed programs which were no t

actually

	

The present p.rogram is designed to operato as a n

interferometer any two o :r more elements of the Stanford five-elemeat array ;
hence the nante N-Elompnt Interferomertel- OMLI) . It performs the fol :s,owing
functions :

1. interacts with the operator via the Rz pltthe terminal's scroo n
and 1,;eYT:)oard, providing informative prompts for . the inpu't:; of source cOordiuat(.'!s ,

integration time, clay offset, calibration, information, baseline vectors, an d
point!.' data . The last two of these may be read in from a cassette tape . I n
.atk3ltio , NEL:f: accepts commands from tho operator enabling him to control th e

data-taldng and I/0 activities of the progTam .

2. Tho comutations and data sampli ; : needed tp produce estimates R .C. th e

oomple visibility fa each channel are Performed- In particular, the activ e
multiplie ,are sampled, and the series of samples from each is applied to a

' which is matclr i to the fringes of the corresnding antenna pair : The
result s the best (l703) linear estimate of the ,.:.tomploK visibility In each
channel .

3. During the smpling, the delay lines are maintained at the op r .,, :.,,:;, ..,

settin .

4 . The antenna -cition readout sottings for proper .

	

z1 are

	

s'paye d
on the (TT soon fcr the o.pe.rator. Thpse are computed for the current siderea l

time at the end of each data

	

perioo (intogratlon) r and at
other t '-Irle s

upon comn from the operator . The computation is base6 on pedning error xp
antenna position information which is read in from a tape hear the bgui g
of Tog"am

5. 3?eman.on :t rooords of the observations are producod on either or both
of

	

o Oevice.s : li ;co winter and cassette apa.. The visibility esti :tlates from
oach integration are recorde

	

as well

	

sonrcecoordinates, baseline ve.eto t.
orato r. comm!ta .ts, local :,.:cillato :c lino leagtd1 Measurements, and reCeiVe' gai n

meastroments .

	

leng-th and gajn me.asnrements must be made. manually and
- :en.,." through the ayboa)RI .

A major consideration in the Csign of 'tis prograpt was that it be fleuible .
,everal features and ,rnooial commands were included in order to allo opeatio n

in nonstandard modes . °< 41r cact.mple, anyEnlhsot of the 10 channels may bo samled ,
and they 7 be sal:,led

	

any order; anybase line rector may be asSignodto any
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channel . Thus, for teSting cr other special purposes, it is possible to connect
antennas 1 and 10 to channel 1 . In addition, the Integration time is freel y
selectable by the oPerater with Some cantions 'see Section XI

	

4 bolo'
Also, an offset can be ceded to the delay line setings .

The organization. of subroutines vas also designed for high flexibility . .
Whoreve pcssible,sabrontics were written so that 1:h ay wonld be easily usable
with other main pxograuowhieh might be written by some cbservors for special
purpoes . Asseably-lahgaage programmIng was restricted to functions tOr which
it was qnite necessay ; the main program a;16 most of the subroutines aee written
iu .EP FOnTRA N

11 . OPERn.TINa INSTRUCTIONS
A copy of theprogroM in absolute fcr::l resides on a SRAIOS system tape

labeled " INTERFEROETEe In what follows, it is assumed that the render i s
famliar with the operation of tee computer system and with the .MICE
e;Lecutive

	

modified version of the D1COM-Upplied CYiTOS executive ; se e
references 5 and 0

Operator interaction with PEla is almost entirely through the Ese,eltin e
heyboard dispany . . The top portion of the screen is reserved for display
of the latest pointn information and risibility data ; computer prompts t o
the cperatOr need his rospOnses and commands appear immediately below the
reserveq area .

a

CPUT :U:..;W : USE OF TEE 'HA'ifUTINE EDITKN& NEYS

	

DE

T1AY INTERFE33

	

TKE RiOSERVED-ARA FEATUEES OF TEE PRO.-RAH .

rat a rougho7:1t this Clint., prompts by the program will be indicated by anOersoorig ;

non-anderscord characters in the er:amples are eatered by the operator .

All mrmexioal data entcred

	

the 1:e board is read in freeield format

fieds separated by commas Cr blanl:s, decimal points optional ; see ref . S
pp, 715 li'OaTN) .

Loading and f ..n .tializaticn . After loading 0,a- . ..S from the TNI'311VER,-
O'AIETE?ft tai:5c, place a write enabled tape in Each 3 ;:if an output data file i s
to be ritten), and 1nosition it at the beginning of the desired file . Than

nUN

Whoa the program has been loaded the operator will ho prompted for the followin g
ormation :

a . Today's dat e

b . Header . This may be any S,J or fewer characters ; it will he
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written on the output tape if a: /) along with the dote, in the first record ;

it

	

also. be printed at the t-. ; of the first page oT printed output iT any) ,

c . Last serial number . All integrations are autoL!atically humere d

by consecutive integers . The operator mny wish to begin at particularSeria l

number, especially if theourront obsorvations are part of a series .' IT 8o, be

should enter the last serial number previously Used ; otherwise he should enter

aero .

Output Tlags . ne operator's responses indicate whether or no t

the. line printer is ) ho used, and whether or not an output tnpe is to b e

written . Any response other than YES is taken. as " no"

Example :

DATE

	

f2 .

CA LTeRP._TON 01','-SERVAiUONS 3Y

LAST M!

	

O .? 0

YEf. 1

OUTPUT

Pointing and baseline data are cntere d-__„..-

nezt . Each of these 1mv be a are 'f .le on Dec.k 2 ; the baselines may alsO b e

entere6

	

the keybard . Point :. g ,ata, if available, muet he written on

the tape in a special binary format (giVen under " Progxamming Details " and

must

	

terminated b a tile mark . Whoa NEL1 asks

PE?

C:o w, ...hn .y .,. oT 7E3 wijI canee, the nezt file . on Deck 2 to be ren

	

(C.A.UTTN :

KO CEECI'C, IS MDE TO EM TffAT

	

GMhECT TAPE 0A3 EEEN MADED,) Any other
response causes :2 toassume that all pointing errors are zero ; the ts'pe I s

not read, and the Ilointing display will later contain the nominal ron4ou t

settil,g

	

NeNt, the ...numbers of the antennas being used are entee e

indicates that SECV, TEDTO and SEPTlb are in USE . * (This i forMation

is z.zed only to central the display (. readout settings it is independent o f

the channes being sapaed . )

= then ashs Tor the baseline data :

In this. and Many othor programs, it will be . Convenient to auMber the ahto=a s
I thru 5 . I shall refer to these as the "antenna numbers" , and to tho c;)rresponding
numbers 1,2

	

as " antenna position numbers " . Note also that the channels ar e
most conveniently num'ered 0 :.hen :7) in the software .
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EOS .I■l LINE PAL
A !ES response ihdioatosthat the data is in the neNt £°.. .t.{: on Beck 2 . Jlny

other response ca'Ases a prompt for . P'.eyboard. entry of the baselines The .

operator then types one line for each channel to he sapled, giving the

channel

	

(09), $z, Sy, and Sz

	

Ex,

	

Bs of Clint 418, . 3) . The

1ast lino mnst be terminated by a zero (don°t fo .rgot this :) .

	

the taTe i s

used, the informatiOn is in ASCII form with this same fOrmatThe baseline

data is written on the . output tape. and/o the line piinter when it is entered

]'%2i? channel numbers aad baselines =y he entered in any order ; the ord r

in wiLich they are entered is the order in which the channels will be sampled .

In uddiion the baseline of the

	

channel entered affects the integratio n

tioa :

	

integral num:hor of fringes en this chmlnel is always acculate d

Therefore, the first channel should norally be the one with the shortest base-

line (further discussion of this is given below under " Integration Tio" ) ,
the baseline of the 1st..-. ?. channel entred is used to compute the delay

lire settings ; since of the basolineS are very nearly. coalinear, it shoul d

normally )eahe little difference which channel i entered last .

10,I ,net r'r'o'pt .rthe operator for the delay offset, in units of tme. ..

switcheddelay increment ;norwally, thie is sot to zero :

,

	

','T?

	

0

3 . 2.uree data The nme of the first : aree to hie: observed and it s
and declination of datearo entered noNt . Up to 13 character s

may used for tho shurce name . eMa source being observed may b changed at '

any later tine p7 glir an appropriate comae t NMA .) Whonevor new seance

inor=tion is enteed, it is written oa the out pt tape and/or tho line printer .

Z.K

., .A . (Ila

	

?

	

,22,S .57

l,XNP!11'

	

6S,,S9,S1 . 3

Intogwtion time NTEA. >.: t, proapts the operator for the apprimatt.y

x.n ;Anutos Tor which multiplier output samles will be acoamulate for

eacA estia.te of the complex visibilities . We refer to each such .,,aterl a h

" integration" and to a scrios

	

an14..oessive integrations as a run '' , Tte

	

currently, a topic is maintained

	

the tape lib.witn

	

poi . tin
&nd baseline data on Piles 1 and 2, respect:ively kiproNinato basolino Vector s
basod en survying are given in CAint , 29 . Preliminary observations indicate
these baselines nro in error by a 7.:-,:prc,fi4lately IX on channel 9, and proportionately
less for the closer spacings .
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length of the integration period way e. changed at any later time by an.
appropciate command to NEU . Exmplen

INT7eT'laN T'IME n .a

	

5

In choosing an integration timo, the operator should tako into account
the follocing z

(a) . Tho actual integration timo will always be slightly longer than the
value entered ''ha pragrani integrates for whatever additional time in needed
in order to make the change in path difference on tho first channel equal t o
an integral nuMber of wavelengths

	

aum) -,j-or 0:1! Triges) . NormalV D

this will result in an integral path difference change on all channels . Thi s
is necessary in order to minimize errors in the complex visibility esimates . 9
The maximum additional integration time Is given approximately by

At

	

zf: 1375I/S cos 6 cos h. secondsmax

whore Li is the T'.",aseline length for the first cbhnnel, in wavelengths . Thu
fez' antennati', I shd 2 or 2 and ;-=-; D

/At

	

=

	

sac at C = 0, h

	

0max
= :1.31 see at 6 = 0 , h

	

hrs .

(I)) Very long integrations, especially on strong signals, .my result in
floating paint uuder'flow ia adding data. szoples to the accumulators . If all
10 ch .ahAs are being sampled, this should notoccur unless the integration

exceads 50 mints .

	

ut if only can channel is being smYead it . S s
possible for haderflow to occur in integrations as short as 5 miautes

( Very short IntegrntionS may ProVent 10 1':uurs Of data frem fittii2
on a ':3foot cassette tape ;l:he longest available) . ran hours of 5-minute
integrations is knowa to fit .

.I'L .IAANO!,

		

i3RATO?, WILL, ECT;I3E KO INDICAT10H IF TNE En) OF TE0n
lS RMCliEr

e,t Pointing errors can b: computed only between integrations . Thus
if fredhst updating c2 the pointing is required, o. short integrotish tims
is favtrei .

':ommands . E LI will next prompt the operator for a command- Vre m
. this peiat oh, onerat ion of tha program proceeds accordiag to give n
by the .onar&z.1',:k .r . A list of the valid commands and tboireffoots. is given iu
Tahle

	

Ohly the first tWo characters at each com4aad are m:eahihgful t6 MIA
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During integPatlons, no other operations can be performed and no comand s
ean So iven . liever, it is possible to, force immediate termination c2 th e
current integration by tnPhing on Snitch O . ' In this case the actual
termination time will appqar in the output ; but large errors may be p peseat
in the visibility stimtes, especially if the integration time v2s very short

6 . Otputs . =I Pmos use of throe Output devices : DTCOM Deck 3,the
line printer, and

	

Eazeltine CaT display (the latter is duplicated on th e
TV monitor above the

	

readout panel) .
(r.1

	

CET dis7:1 :2-

	

The 4, ormD c-,t 8 l ines of t iza ,,f :,0,.o-,

	

Teservoe :coy
the display of output data ; the remainder of the screen is used 2or interaction
with the operator . Tile let-and side of the reserved area. displays the
deelination and right ascension readout settings 2or each of the . antennas in
use, for tho source os-;ition currently in effect, and for the most recent
computatin of the pointing errors The . vight-hand side of the reserve are a
displays the results of the most r .,coat integation : amplitude and phase estimatoe
fez each channel sampled, and the average ( " d .o . " ) output of the eorrespond2n
multiplier .

E,ine printer, . iM1litudes, .phases, and d .c . values ave printed Tor
channel sampled- Zeros aro prfuted for . oaehohannol not sampled . Als o

printed for each ir.lo. 2;ratI.on are the serial Qber and the beginning and ending
hr..up

Sl.fpTahatory line printer output also occurs whenover source
coordinats, 'i-ya-selie vectors, comments L .O . line measuremsnts sr gai n
measurements are entered, provided that the PIUNT option is in effect .

(0 :

	

data is written on tho tape in binary 2erm . It is
divided into " logical. recrds" , zero one loical record written 2ov. each ,
output operation . 'Rah Icgioal record is coded according to the type of dat.
it ontains . UEL,l supports seven types of records as listed in Tabl e
The first word of each. logical record is the type code -- simply an intege r
2ron I to 7 . Tx e, second word of each logical record is the number of words i t
aoutairs inoluding the first two)

	

In principle, a leg.ical record can be e f
any lenth ; however,

	

records on the tape have a max..iwtum length of 60
words . Thus a logical record may consist of 3mre than one physical reeord .
This is of concern to any pnDgrams which later read . the tape .
called 7ATA. is avdilable for reading NEI .1 data tapes . 31 . it is Used,"the
programcaer need not ho concerned about the tape 2ormat . 'ii:DATA will be describedn ..n . . .7earate Clint .) The full contouttoT eacb, type of record written bY'NEL1gi7o	
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(0 V;"oamation For sit output mcdis, visibilities and d . C: . values
are g;,nTen in units o : counts on the 2essa accumlator . Ton

	

vales
equal to the avora .so number o: ' counts for all saples. taton on the carres7onding
channel . Visibility amlitades are equal to !l-,!77 1. u .. . mL aplituc3o in count s
of the nM ainusclO fittin

g the samples ta7ica on the correspening channel .
nre 6isplaYod in pelar_form onthepriater and CET t sad

viritton In rotangua.ar form on the tspo ; .Lin normali2stion 'As the same i n
'Moth- cases . Phases. are given in cycles frnges), so that they are always i n
the range 0 O. to. I .O . For' a given-cannel, tzo resultant complen'. .visibility-
estiate is indepenaont

	

the number of chsnnols bein s2mpled or the
in.tegstjan time, ezoept for the effects of noise . .

CAUTION : If the nuDor of counts in the s.ccumlator reaches 2.000 in a
oanlo

	

then the 9.I433 oltge-ofrequencY converter is satnTated .
Thus, d .c . vnlu

	

in theisinity of :k2000 are an in6icatio :.
in fact, ono should,. aiways have

!Ai l

	

2000 .

;lag ci,c values

	

indieate strn in t orforeno,s, 1-3 1.rtics,Tarly if it is a
strong function o.f thedelay line setting . It may slss indicate imbalance i n
the multier .



BEGIN

	

Restart the pr

	

from tho bginning, . All jh,fo? .,da.

	

n

vreviously entered is lont ,

00MMENT

	

typing in ono lino of comments, an to 7 G

characters ; the text is written. on the tape and/or line

printer .

SOURCE

	

Allows entering data for a new sou roe . Appropriat

ysm,nipt exe given . ; .3ci,.;.rl:o record writ ten f;r tape nd
/
or

DASELIrE

	

Allows changing thechsAnels and teseline parameters .

Baseline record written on tape and/or printer .

A1161.3 changing the integration time .

dwiS.es co)npntation of the readout settings for the

cure.nt sidereal timo and .dating- of the reserved area.

tkie seneen

t.'.:!L-f.Ises one integration to be accumulated, beginnin g

irmodiutely . Data, record written on, tape and/or 3 . inter .

At ,thc end re -lout sottings are re-computed and the

sorcen is undatod ,

f.',.,,T

	

Causes consecutive integrntiol 3 to be cumlae, bcginning

i",.!.=dIately, At end Of each, data record is written . cc

tapi..=, ad/or rinte- : screen is updated with new pr n . to g ;

n, if Switch L is oFt, another integration is initiated .

N.-ftcih 1 ON causes return to Comm .n,d Mode ,

Allows entry of local oscillator reference line length

masuroments . Appropriate :empts given . .L .O . record

written on tape and/or printer ,

GA :

	

Al.los entry of receiver gain moasurement

	

sigAilar no LO .

ITIME

NT-

(3'0
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/2.j/-1 2

AllPs cno:Jrl 1 ;l? -, delay ofu t

3Gvul4es line

	

ot2t1n‘t, iC

	

oucput :t

curroAly owlYpud .

nlteo onO-of-fe :1-9,yi,; o oitput: tape (D c1 3 ; ;

o%ttput -;is

	

th1.5

L;uhrot ;inca A ,'w:: 3

Mnl,

	

tto ;tt,nCl:,rd veY't.ioi of Raj,

	

0 y

pn,'graut.

	

This ecao:a.s.nd

	

1 7, yreparation of specia vervi . o

1PAJ

	

E,(ditical capncili-lies .

/ 2

	

:xt.., cuT.es tb ..t-1

	

AaaQx%

il'ON iv no); :w:'Ittell

	

i!oc

	

tay,a,



TAI,B TX- CUTUT TAPE 102-W'',T 8

Y.T.EXT, 'DATE

(lo(K),K(io,EY(i)4 I

, T2

(IC),PMABO),I(T'.'i ; .t . I .
y=I,wc )

L .0 . lines'

	

,X . ,

Cab's

	

6

	

14i

Com;eht

	

7

	

IaINE

Notc:,s

No.to tha. :Cloating point numbers tu,ze up two word, ard integGr a

ta%.e up one ; IEX,NM'.E, a. C'. LINE co.ntaih

	

characters per worc' .

b . "Contents are given in the fom, of a FC.''F.T'RAN output

Varinbles used er

	

witi' th.oi dimension s if: they aT: arraye, -

NC .- number of}: channels cei sampled

XTRKT(20) - ho*1der text qO characters

,EV6,7E .- floating-pint date code : Yfe .DD)) (e .g ., 72 .J2 1

XCO.O) .- chan.hel heathrs, islt order of earplil,

0(11)),SYCIO),8MIO)

	

baseline vectors

1WZ(5)

	

. source name

11C . . . dclinaion, radian s

RA

	

righl ascension radiE s

NSE% - . serial numbe r

staring, and eedir.t sidereal ,:.files, f-ndiarls
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c3pplex visibility etil,a

-, zvore

	

output l

. TM'

	

si 'droal tie ;

Zl,n, etc .

	

I .o U:Jte mrkurement

	

-I,, O ig a

6,1p2petc . . receiver

	

mea'su.cents

	

ahvs

-a>'omcnt ten-t, 70 character s

'

	

;I
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IMAMS

t s assumed in this section that tho reador is an enpoxiouce d

programmer, and that tho operation of the prograM can for the most part bo

understood from the flow chaxts (Figs, 2 thru 4) ; the lis t

(Table I ;!, which includes all 4. 0=1Ncallable nen:libraxy programs ascme

ol: the library proZrams used) ; and the listings (s. , the.. souxco codlo (Secti n

XV) to atte being fa:Isly woll commented, The discussion in this .

	

ni £ "

then, is imited to a low special points which denand moro detailed diseu,ssan .

1 . Logical flss:s . Soveml flags arc, used to control

	

in tlto

main proram . They are nPRI KTAPE, KnUN,

	

NSWOH . Each

as a logical variable with .TaUE .=-:1, .7AlS .=(L The first two indicate vtJoh

output do vices axe LI? use . NnUN 1.9 TRUE

	

the program is in " run" mode

is set MUE when certain sotions of the program axe catered

	

tte e.Islay

updato linos 551-55) ualcss they are entered via the command 5nterp :(.1ir .

This allows Ia-lins e -.gs(tion of no program segMent, hhd also execution i n

xe3ponse to a oonmaud l after wdoh control returns to tbe coman. interpretcr .

2, !11L2 .22 .2aLs(n2 . Estimation of the covri-ox vis(ihility

eai(h

	

roc uiros knowledige of the i:aerfoometo phaso 0 (1:: 2uP, w :. .. tTo " J

is

	

c path difforen, in wav .olongns, at which saod samplo is "4; :, cur P
acoputcd 2or the c=ently entered seurec positio;, which is assumed to e (nt .

the cecter of the field of view . The phase 0 is then equ.al to the phass

the cenplsx visibility for a point vourco at that position- Ku gl(ral, oo

have

where

	

Is a unit vector in the source dimeetio .c and S . is the bee.lin e

veotor fox the

	

ohanlsl . 1('k-(w ever, th.e computation of s(h';(' reauixes

sin h and cos h to high precision ; use el the 3eu .ett-l?soMre: 31.X and

i- oaction !( .whih are slo4 precludes ma.ki .ng this ccmputefion

	

eh.oh saly.r1 c

Acoordilly, a linearization of i (h 'p

	

performe d

?kh

	

M roP lc

	

T.T
mor

	

(2 :

.v ewharo 8 :(( 20 meoc

	

enpUng Interxl), no

	

the hou7.s' :Ingle of the TirSt

sap le, and it

	

the sa3I: p3e an:Rbr . The linearization results iy q an' error

ohicn will: have zero man

	

minir:um variance over 1 .;

	

1,

	

h

	

If
may.

P .

	

ma:n:

..	
1e rcmarl;s in tlint

	

p- 6 'eo not apply that 6iscusson . assumes
TA il ) which . is net the best choice .

i o

	

0
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2 . _
r ::

	

, f,h ) -:,- 7 1
3 1 o

P,

	

P
f"i

	

2n .

	

i- o -.:,

The calculation is illustate . e.1 in Fig . I . It

	

carzied out in Iines

20622D

	

7.Sf:131, 2,

	 4,c

k
A/2 )

API

P4°T',Li .7) 1.r
>N .

,w EAR. Po

rlg,, 1,, Ll.nc .rization. of Phase Pzedictioa

o:,ter to heep tho r .m .s .

	

mall while allowin .i,rnzimun freedom.

in -t e, c ;„,too of i,n.tw;lation ti ;T:e, each

	

b :z7 :: :en. up into

in

	

7':te ; ;rans

	

ap'l,K':*tly I ptinte each 9 and Earling is 4yiefly sLspendo,

ftl'. .

	

su ,'', intatioa to allow the

	

constant s

to

	

e'--comvIo'c

	

3 wn7,,

	

0Cf:

	

1eEc,c

	

:h--) sub-int:,grat :Loa la

in linos 17-2dl,

3?j :j ly, a corretion

	

made to jo for the time... requied to' pevs,rm

tho

	

ea ::,.cut :.1,Atione

	

S qhreutine (=AT is called Cline 206 'h allowing
inez'upts to occur on

	

channel 10 every 23 noc ; those are counted to jetermine



O

,.: 't'i

Clint No . 47515
5/23h2

ths time used by the calculation, and the appropriate eca

	

is applied

1ute''rupts are terminated by .

	

In4e.,gra nu :

	

'frii.'ses- As stewn elsewhere, estimaton of ' a
sintlsoid in the peonce of noise is mo.t efficient if an integralluAor o f
eycles to observed . A,ocordialy, each of the sub-integrations is rado to las t
for an integral number t .-a. fringe Gt .., the first channel assuiAed to have t17'. e

shtortct baseliae and hence the slowest fringes . Eacly. sub-integration i s
:roD.I.ewieat lenger

	

1 3.1ns:to ; enough addiiohl smples are ta''! sattao.t

the Zak . ahgo in patb dt .:7forence on the fir St channel is as :tn.tegral numborof ,

irive-lungths . 'ThiS is acOomplishod in 1 .iac
ErIl';olin and visibility estimationHne compleH visibility in ! .ach

chnznel. Tor each interation is etiatedirolr,
:71

Re cosa

	

a ,.

ti

	

's
Xrf,t

	

:It

waore N is the umer .of samples takenen the cTlannel

	

vestion „
the acou,;,ultc..e radingi'or the j-th sample on Oat chnnel,. ant1
comated phase oT that obannel at the time of the

	

saT,ple, This is tho
recoil squasee

	

estimate ,

The sapling and data accumation is controlled by subroutine MCP .
sine and cosine com:putatious are performed by a tnble-laokcp an d

inte7pelatien routine er-itten in assembly languse and called .
sabwoutinc, VWXB :,

	

accurocy oT the sines a-ad cosines is 5 to 0 decima l
paceo . The tabllo .'iee scheme Is used in order to obtain snfTicAeut speed ;
the acemiacy is mie:'o than sufficient .

Pr' .

	

:Lao: oota t at an a . t3ubroutino ti to .}

	

returns no poilltinT error 3
Tor a given hour' ao.glsn, declination, and antenna by . evaluating a simle fanctioa
es' hour angle and declination . The painting errors are eonvertcd to. readout
ssttins snd dispays:6 on the .7.fN b7 subroutine

	

Presnly, ''' the function
evalated by

	

contetns

	

'craD;trs Tor each c,ooTdinato of each antenna ;

hweher, space is allocated f :Ar upto

	

larameters each, for a total of 10 0

floating point number

	

The 9 parameters are coefficients 5y- ehich terms of

the form f,CQi',th) are linearly combined, whore f,,f e
The ps.ramtiter s arc road a from Dec 2 in binary form ,

,Jihos ;t-'267oT.:0) .

sin, cos, 1 .0
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TATUT; TV -

.

	

Entr7 Point

	

Doscrir;,tion.

(U).1II,

	

.

	

Causes the rau.1tiple'nar to se1cat a givea chauel .
CIEXN

	

A Choes that the sa"apling leop is fast en pug

halt cq7eurs with

	

= 10200 '3 ,

A Counts interrupts on l phanaol 10 D for

	

purposes .

L Seta tne delay lines

DLOTR

	

A Okfeets delay lines by a given number of delay units b y
changin a. Q;onst. ant in MAY .

DS PM

	

lr U'Tdato reserved area o g. CRT .; calla PO1NT .
FINIS

	

A Torminates interrap.ts on I/6 chancel 10 r .
aO

	

F

	

.cum ltes a speeifiod nnmt-c.:r af data sa-ales fro.m the

active chnnels, along with thir prodacta with aia 0
and co s 9.V while maintgininom, correct delay

	

aotting
P3LNT

	

F 1 . Loads ointing data from bin,any tape in Dock 2 .
2 . Cl:.uts pointing err.ora fo,r given h,, 6, an,,I ahtcnaa ,

SPZCL

	

r Dummy routine to allc:;w add.ition of spoHcial i!untions .
gTART A Th

A

	

itlgtea aem.:aling on. IrO cLanmol 13 B

Given path difference P and d .a.ta sample d, retvrn

c cps 2e'l, and d sin 2T:P. .

Library Programs

'Zoars

	

min,

	

fro7n . iians .

RADT'.VRADD

		

Rs6ians frtr.a

	

g .), inutes, and soconOs .
A Reads sidexcal clo :dK7 sea had 41 1

D12M

	

A

	

3:errot3 a -oh.aractor d.(,n1aani by finding its location in.
a list of valid cemnaus .

XIAr

	

A lneort a Tilahk lino an CRT soreen ; see (Innt 454-
A

	

1nitiates

	

bind Y' tape read ozrtion Clint 4.42 ,
A Chocks 'whether D'S.? mark was r'od on last binary tape road

oporaticn C..?:1int 442-

Languar;e ' which subprogram, is writtea
VP

A VP :1=1-:;'aR
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lVornec e

A pro ;rars,

	

for rehas.'stng

	

150 .0' sonree positloa to apasont

psitio-a

	

C : . .. C . kas been Adod to the 1 1i '-fZ3MDETi.']R, systems t2pu . .

I)Rl; is capable 61 preom .sing aay subset of n s .nrce catalog on tape

source

	

and

	

positions can be entered taron h

the aseltine keyboard,. P: ..EC

	

aso be used to create as.,__ souroo.

catalo i :s . A catalog contsining the st'dad calibrators o2n be Tou,nd

on tho PAnAMT7 ,;T'S tape .

Tao pevius'

	

Fp s. TraN ., writturri To r . tho 1E:1 360, used

dartble p .reisioato ca16ilate the eaeral preoessional constants and t o

sole ti;.e. rigorous precession

	

uses single precision rt o

evaluate

	

sec6nd cier erpansion of the io'ious precession IrDmulLe ,

Precessonncoustants are stored T ..r.,. the. I,

	

;5 : rather than calctJstoO

and 2re suitab1e for reduction to the period July

	

1

	

ho,ugt

1UT,DstaIIS of jrora17:: caica1atiors can be found in the Al7',Petix

along wtith

	

i .es on scou :aoy .

Phc.:U :q1M

The ',i7oO.e oT proralu o*;crotion is ;established in the opening cJ.ulogue

proa:rals then , roTts Tor inj.'orriation relevant to that nude,. Vos t

are sca ::7--=planato.s'y ; oception.s are e'z.plained below ,

ol the

	

chosen, the user will eventually be pi-ore.17:i.

IT tile aSor intends to pracess sources 'from

	

ontelog ,

valiC, respons

	

2To A, /l ; or 2 soarce aame, / moa n 's process _ .. ._3 coerce s

in tHD catalog . '.;.T precession of only

	

Te'. .,' soar-cos

	

c

	

the .

i:siles shovild cow bo eaters . (caining nanes or, a single Ilne . is notr

is

	

terninatur oT such a ist .

	

poigta will search

th catalog aud precoss nay sourcs whose .

	

is Jul the input list,. s')O

orror is cause

	

inpa. .'k;: of a nae not in the cataaoc or by .mlltiple

entries oT the soeue source nue in the cao1og all such... ntrieswill

precosse6),.

f '.i, ssnruac natal us is not being ,is -ed t h ed .

	

user shouresrond to.

prol1vts :.,y entorin.g source as-woe ass : (1950 .

	

azaln usinT :

as a list ton'linaor . IT 2 soarco tnTu is fit . _- .g crentec,

	

will cause
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an end of Tile rInk. to to written

	

In re A.)nse to g,;7.11DTY', the use r
is a .i.lcr.'od

VLon Pl-017,Cerceraters an and offi :; wniJo reading a sour Ce
or when a /i:; roeived ir eiher7fhe ot!!er two modos, the user'' .Wil l
be prompte for braacirig instructions . He ;;-an cb.cc-se to stop oee.!.tien
oS` to re-inIt'ialie the program fox 'preaessian to. the sme day or t?.. a .
new day,

	

the " sao day option As choss, day numbers and .:as lion
('32 equi-)z

	

need to be 12c::-nt e

? a read rroroccurs while siearChin the source catalo ,
will be exeCtited,. .

	

usor is ano-wo ' to

	

tbe bad rceerd .or ' tc
reintiale

	

p .:gram. to the .sue3 drAy er

	

is new day .
MsoellanconS orients

	

in re;o6nse

	

111,.tiT_fL222., the Yoar , )u ld
be Aered a7.

1	 _t_

	

as a prefi:a .'

	

cna be fennI . on
p:s 12-1 :.3, of the '..homers Independentda*numbers are .lo-...4.%:.d on ~t r .:;09- -
32 :; and aro entere

	

f through 7 .in:Ord

	

with spaces (or camT40
separating bonre .,

	

utes and secondS fOr

	

and E . 2a areff.-:l to ge t
as corroot'; '.., 'For nays Jsn . 1 thrO 'gir . Jn.1y : 2 day numbers in tb e

p; :hoTeris areroTereced to tbo

	

opical year ; Ter
tro:.7gh Deceber

	

.bey are relerenced . te e. :. al trecica l

I and2,

	

referenced tO . .th :1 c .

	

0 :.;! troPieal Year ]T. :.L

lsed

	

cution hao been noted in th ,el''eris at the Fiel Sit O
Tegativo

	

slhouid t= 'r entere ..ao .

	

-33 as with the
pogram . . HuorIc data. is read 1:i.ndeaTiea format b .at source .. T1am:a .

d comen* are read under AF;C11 :TQrmatousequently, when unin 'g
oorec caalog, sorce naes mu.2t

	

enterci eactly 5-they a3apeat'
J.1"1

	

o

A ,s:urce: catlOg is aE AFTIT

	

s~ it can be modified wit :ia. ;-he HP
editor if :cTir

	

rte_ could also t t:reated with a WRIT cOrr.ira d
althngh .fo;i .o .ts will have

	

oh.se-2'ved . ?MC reads tbe :-.tatalo g
unc

	

tao iOlow.L-T±or1nat :

RL :1i

	

-tH

	

,I:Tl: ;X T

11 listing of tt .O alibrator soa.roo catal.og is incIded in . the

docuT.:ratationat tncend of this &nat . It1_,.. . expected that multipl e
entries will be olis.inatod as the '6,est position (35 each source is eotirmed .
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:0?.6JJcdo of

	

.0 position

	

apparent position of !-late is fl
twostoy p0coue in whieh tho

	

position is first preo .to
the msr :.h position at the noarest begirining of tropical yea- The day
mnhoT a.re used to reduce tno mean positio to tie appaent
of Cr,te . it is sl)on in Woolad sr d C7.011;snoo ,

Pess,6, Ch . 12, that or times proceeding the (aoc h
10 .1f: the rtor,Ews form ;:'.Iae for ro0i.l.ction to r ., nn. position ^ :%7 c

fi ; .i.MM
o

	

0
,o

	

.

	

.
1

	

o . Co-

	

;
o

	

o

.1.0 tir:ra .,., af,ter the ed-,,oh-'ho, substit qtions ro::-qui .O.c. 3
a

	

.i , ..:_,

	

0 . .,

. .y. i9ds :

-ni,:CY,

	

tar . T, .

2rsv

, . .

	

(a

	

in"' 'r

	

s

	

z

	

L%41 _

	

0

	

o

	

0

is 1:he I950 .0 pos .tior ;

oohsca, : .y. io . .he 1.; ;::'opica)year i n
',,he moa o. pcsl. .! .un

	

'.-ho ;s.olnih:_!; of th : ' ropio .1 1

	

enr . Jhr o

	

,'o ovau.ons, i trpo,lonIcd

	

Tho precosional.

	

chsUsuis o

	

wee

	

)tainoC

	

the J : :n1anaLory StipploTiont to the
EphomoTis Er6 are sol'ed iL the proL :a'am .

o

	

. :,.;

	

C

	

0

	

cos

	

,a

	

TS
o

	

CO 0

	

A.,

	

6; i
ti'

	

o

	

0

	

2 '

Otdo ".;'!

(2 )

LL -.so

	

,

	

;.: ;:p :Pe3sions ,

,s, amC f -

	

,-,olcro) orooo ;,sion ., i .

q : , cstion ;
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i : no unlaurol L

of det:e

	

, :s o

(7';

	

1!

	

g

	

6 -'

	

f3in(E'+ c ' ) sec 6 '

g oos(

	

-1-

	

h cos(H

	

s'irt

	

cos 6 o

	

1, it ; .

wher

	

2, g. ,

	

h,Hnd i are

	

day numbers . f, g and ``i'

( 7E.,+ .. reductionfor pecession. and nuation, h, E and i give redup4on.

fil:r aberration- indpendent day nul'.ers - are llssin place ol BoSse . .

nnmbers ns fOrrEUIas with the latter . involve uditional yearly

constants whi6h coald not be found Past ._974 .': in any convenient .t4es .

It is 'possile ..to u.ae sooond order .ti nube .cs to further relinet h

calcniationsbut tis is complicnt

	

as he constants involve

ositicn as wiell . nShe date . By reducing

	

lail;0 .0 position to t

(instead' 'o2 )egining of current year) t

are :AePt. small .

accura-v of - ustions (1)f:nd

	

i.S ' interest since some

teims

	

‹

	

. .ad_ .n for the remainder of .t 'A s

eezaT, .Ca .

	

In ' L,I .1'nati'on 1> and Fi

	

= t

	

t^cn

	

order toriy; is less -
-

	

.

	

.

	

-4

	

s .f 25

	

tan

	

= 1 .6

	

Th.:

	

o :LOr

	

wil be do)vh by unc :..hor facu:':r of .O O.3 and i2 thio

cocfficicnt of this tor contains

	

it will have a

:und C,M ..

	

equation ' )

	

same oclination, the magnitdo

of the second ord1ox term is less thnn

	

6 = 2 .7

	

1t.'»
as

.:'.- 5
Th

	

nn-',e : tcm, 'pile :1g a taz ' a iu tee coefiicie-t : till thoi‘, be

no

	

'entfr rhnr

	

4 .i .

	

'1,'ns' .-5 we

	

an

	

panslon oi
eroi_ .i .ssionf- TO second Jcs-;r will bo catisfac ,.cry for ou r

P5,

	

there a_ e so

cc : v'tRtion-

ohc% those col-nions,

	

standard calibrator list was
sed

	

using PMC and

	

',J60 progrnm . In the vas t
I 'lajority of ases the results ngroe eNaetly to hundredths of a secOnd

in righ.t ascension our:1 to tenths of ;in arc second in deal intri;ion, 6)rsir.

erors

	

0,OLL in right ascension and

	

0 .3: in declination . This ,

irc:Ldes

	

30 .1 t:u declination of . '7 ' 720 and right ascension. of

	

15 .

serious roundOfCeixii's introduced in
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athoY J.cnd to

	

t

	

Lighor (loci iiation ;
howevov,

	

oi the sky we

	

cLy.ently obsorviog the: 'e
a .zo no 6iiacu1tics

I
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S
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rJ

	

Ii.JC; .T'cr.ai .̂•n of

	

i'.

	

.t'~ :u .Cf..• :~ :~ :` ~1C7 s

	

!Ir .Q :

th 2-tor 3 t l t c 1

	

font Rad i ! t_c1C s cop ,

	

nut

	

C dCS Tz

	

Ah

was CC	 '7 -_'.Ci e n S:t ...T Clint 4Th .

	

5 row. vcrsic is conp . . 3' - o ) v
~ c~,:7 ;7 .e.7~~~t : J i_tY k .}_i).<7.yr . .`Gs?~5 .•Li' _J .

	

,in . . c

	

_t .f..

	

-

	

;

	

r . .

to NELI . .

	

ra

	

o1 • ";

	

in this ~Y
- C I.S. . i.

	

1. :5%: 1 ¢` ay_-r

	

TS1?.:I2 nd. s,_ve only51'

	

.description of "3,
h

;+

k:

	

`'r . a

	

-• ' '- t i

	

-C: . = t ~.~ .LI.

	

I , .',xS.

	

5 C .'• <}. : : t3 .: iP

	

tha

;f kgr -I

	

with c.. .tn ;.i3_ vC: '" :.:ti }c.-.ata

	

aa :S•" `Td ~ on F ijo :? .7. dr.3 r ' -

ants ._.c ;

	

v .:t f. oc

	

.

	

?-:.~~:;? y '.T

	

•i (i
"r bar

d "•G : 5

	

h3.

	

< . :iji C{?t -: J tt a 1o	 tt&:.- } t ac:.

	

the.

	

-in
i°

	

..€_, .t .,`i .. ,iOa or "( .t ..,,

	

;_ . .

	

.

	

-

	

-

I 1; 0i:' I/O ba, t o

	

t I .}_Ci

	

i ; ..

	

.1..rlovpod ;vith. data

s

	

sY

	

p

	

,ei inz has i :on

	

) i e6:'SJ .

	

.C̀ ht . output 211<3 _ S

. . a "i'3' ;I'2 .3 .ca

	

.i;e

	

{ i; :c : euc:t.t record. . ?nt :nl.us

	

Lh of sct.f1.

	

and E : .}7.̀ o t: ._. ff'r:1 .

chocks axe 1 ;̀- .a.d .
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Putting the data sampiug into tho bachgrouud required coding al l
of the computations needed to proooss each sample in assembly langage ,
The necessarily long and complicated routine was written by Joh n
Orobonkemper, who thereforo should be credited with making poSsible th o
major advances incorporated

	

Fe also helped immeasurably with
the debugging of the ontiro 'S./D systeu noodod to'allow a multitude of
simultnoons nperatioas without angups ,

DESCR(PTIN OF r.T.ATAIALS.LRE S
I . Tnitiali2ation Phase (Part X

	

When the program is loade the
operator is reqUire to enter certain Infomrttion in. response to premOs . '

These shoald be s'elf,-eplanatory . ThePrempt " :q:ou-standard Channe
allows the operator to inform the program t± any multiplier is eon..eted

to other thu the stnnda .rd anteana

	

ff only the standard channels will :
be . used, jast strik .a

	

in . . .'eponse to this -irom-p t
paamotees. 14 .t1l . be read from an operatf,

apeoified fi,te it 0ok 2 . Xf the ile cannot be ral, au error meS4ag e
ins

	

en . The cdes have he ;follOitg' moa*ngs

-3 cheekSm erro r
-2 enc7TOf7tape.
-1 taY.1e . read iaro r
0 end-offilo encountered

,

	

,

	

.

	

, .

when net e .:t. ..; :oted

The operator will f .2s asked whothe.r he vises an output tapeto . be
prodced .

	

anawers " YE8" bom,ust then place a laeled tape

Deelaeled topeSwIl be kept' ; .:h hand for this Jrposei.
0it 'aa label .

	

a'Jes, . .below) . The program will automatically positiOa
the tape at the beginning of the ne:.:.t7ailale file and will writ e
two rocord (Lader and paraotex's) on the

	

enlo- 1'1: tb. 0-

cannot he read corroctly, a message

	

given and the prompt repeate ;
the-oTerntor may InSert an6thor tape, or- reuest hat no ta;7e bo written ,
or tly agai to road the label .

When tte initialization phasc-ys complete, header information S
printed on the lino pi-inter .

	

printor muSt bc 2R and
this point,

	

printing may later be suppressed by a command
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af

	

is ludd :Zrom

This is necessary bocauee the initialisaton 'roUtines ald Mahe '_bf.'}seY` . ._ng

routines cannot all fit in core at once .

2 . Corm ands . When the main phase is :toade, the prompt
at line 11 cnthe CLT indicates that rELI is ready to accept a comand .

cc ands are isted. in Tolle

	

firsttwo
charza6rs ac examined by the program to do

	

iine which command ha$:
been given;

	

mai4 of the Cm; :aauids r.equire one or iwre numerica l.

	

.

	

- 7_

	

`i' ewh.ich-must foll-ow the c.em.alit 'd on the same line . ,
param.sters hrein ew:,ett-Packord feo-field format (sce R-P
Mnual., ?fir771.6) . A_ . . o2 the. parametersar sot to default va l .:res w7he n
the poi ::.m

	

giren
un.lessnorfat_value

	

the_

	

). :t .s .tlts ar„h, givS,
Table a.I

	

'ifewever, whenever a cma .ad is give' its entire- parameter
list (if 1y) mst.

	

inslud:)d ,

line . corrections arc:Icalibration . At the end of each .
integratier the

	

data is

	

cOrreoted for
efoue, .in.elce.gths .and receiver-'g74ns .

the masurcmmts last eater:,-.c " Y the aerator (or the. default s
.

	

.

	

.if nonehhsbeen entereO . The Ccrrocti6ne reduce the data-to ' tt .6

corrotefl .6atill then he

	

on...the tape

	

line printer, -.,

	

.

	

-
respe:Aively ., iollc.ning tho uncorrected dat4

	

dlFx) Table

Tape 7ormat . .

she corrected dote nay then be calibraed by the oh line 1p-'ogram ;

it -.NAII couvIte for pachhanhelthocopleratio of the cOrrec ;r6d
visibility :'rem the latest integra4on to the average correcte d

visibUfty

	

from a series of ebServatiCnS of a Calibration

source . To accoiaplish this, the

	

source must be observed
first using the "CALf)-D.ATe col-thnan,zl ; this cc see the corrected

storld3rdgof 100-0 Aita and the sta.11dar line . length :o f
The

	

With dat a
Sampling .7.'or t- he nent integration (if. any)

	

that no' observin g
is lot .Te ebtain . therelt_s

	

this c9Rt.r1t ;.''.0a'!.. t 11. 0perato r
set the tape levl and/or printer IeVel (seo

	

:0 to 10r: ; til'l'-'-.' -



I
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visibilities to be added to a. oh.lieration buTfe7: in core, in odditioh

to being written o :; the tape and!or priner . Thereafter following each

into Eration taen uhdor the " 60 1 o : 1 IUN" coman, the coillplex ratio
of the corrected visi :.. .' .ties co those in the calibration baffer will

be ccnputod (the result is also mn1iplied

	

the 6ariber of calibrator

interations, so that in oTgoot the average of the calibrato r

into rations iS used) . To obtain the results of this computation, :he

oporttorust sot to tape level and/Or printer level to 2 (see ably I.
an `iable IV)

4 . Labeled tax,es . In order to minimize tape use, to provide

orcteotion ol output data from operator errrs and to allow the

original output tapes . to be retained as archves of all observations ,

a system of nagnotically labeled t.ops has boom evised . A. labeled

tape is

	

0m in which the first file, called the 2 .%.eA, has a

speeial Tora .iy The label contains 2 record s

Ileoord , word lz Number of data Tiles on the tape

rd 2 Tape seral number

word 2 : Cheosum =. (word 1 ;

	

, ;ord

oo rd

	

wor6so:h un)lr

	

contin parity err{

Tho files following the label are callod eota iles When the output

iS

	

road the label tosee . %ow many data

	

are
alrady

	

re- writes record 1 of the label with the numbo r

of data Tilos incremented by- I, rereads the labol to be sure it is

t'rect, and Tinolly stis to the beginnin of the new data file about t o

C3eate ,

	

A reoi labeled tope may bo oreatou from a blnn% tape by th o
utility' poglam

	

the-number

	

data fies is then. sot to zero .

irtor conditions and meam4.

	

All of the essa .es aee erro r

t all thoso I can t :eirds of, have
beea e:T:plaihed in Table Ill .

6 . ?base and

	

The 6-term phase function oT

:tiht

	

nd the

	

function , hour angle, 6 declination )

of 0,lint 507 hove '.1 .=1 Y x' irlple-,r.onted or ol 1'372; . The coellic).ont sI

of these Tuhctions arc road in Trol the " 'parameters" tapo in Dee

durirg tho nitialtzatlon phase, They are f'itten on the output tape

as the acroed record . oT the Tile . Space has been. provided for 12 5

in

	

parameters, with 100 being usee in toe present vrsion .
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The parameter tape

	

at, along with tao Tunctions t whio h
each coofficient corresponds, is given in Table V .



TA.B'f. :2 I - NEiA

Cemolz d3 ramet ;'.S ExT: 7. anat ion4

SOU"aC:E

	

h, ;n,s d,m,s

	

Coordinatos of date for source to t o
oserved ret .

m.

	

Reset integl% :ing time to E. minutes .

DEGU .4.-

	

.nss

	

Wait until tnis LSI' before eoxcuting th e
acw.t

	

or CAKriATE coT.Tiand .
h,m,s

	

''. : :it from RUA or CAL mode at end o:
integration in progress at thi s

TAPE,z-

	

n

	

Reset taw level : 0 = no ocr or cal records
1 = cor record s
2

	

cor cal records
Resat printer levelz -1 = ao print

3 .L

	

,--z same as tare :,.aNcl s
nowt le :!.ay o,lset, no . oT dolay unit s

'..)

	

Ts. lo one integration
Mi

	

Ta%ta :multipl integrations
CALIflRATE

	

WAandadd d.ta to oaliSratlon buffer
Zero t=ie calibration leu:Uor z;it is iuitially

zero )
STOP

	

E .;zit aaq or VA ,:, mode at and of current
integratio n

AEDRY

	

Terminate data tsking immediately ; do not
record anythin g

r• 3_1.

	

r_ , v,, v, v

	

Enter '.F O lie length data
..:..

	

K :

CA IF

	

▪ v .v . l v

	

Enter receiver gain data .

ox. t

	

Entor

	

e,or)ment ; VG charactes includi t
the cemsne COME '.!nT ' , ac' . .:'ecoded

Update tho

	

.-E, .

	

.t display

CE1=2

	

Display the ,systen. status vord and
a satus 'Lecord or. tal:.e

	

tape is in
use) .

PU:)TPlot integrted brightness en CIR . 7.1.sin'c;

latest caa.iDrate datz.

Write E .."ir on output tape (if any ;'. exe,::uto
snp

I(Zotes

	

1 , T-f' t°f:ese co7mmends are ) t .given, default values are essumed ;
TabIc IS. .

Xot inplemeute . as of 5/3C/7 3
Only the first two ehaucters o each command are significant .
U.uder parameters, t,d,m_,s refer La hours, degrees, oinute ,
al l d 3oz and ,

	

,'Pe'z;tivoTY'',

	

.s:? -l

	

are numerical vlues :
e nd text any caaraeter stringt All parameters arc
Ee'rle":t-Pacard free-fiel (sae

	

Zortran Manual)
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80- 'R

	

:2 0(; 2' 000

	

00 00 ' 00 '1 [ <V:'L'LSTI:OTi-:103 ]

ITJLH

	

5 .0 pllatc :3

m. J

	

0 ;00 : , :;,) LST

END

	

23 :5959 :i,' :;T

TLPT

	

Iowa =

	

°.7o tL-po"

	

tn
f.1,t7l-,114,-ttLfn

PF]Nl

	

Iu7ol

	

0

1.0

	

0 .0

	

0 .0

	

0-0

	

0 .0[LST ,,- 12 :001:00 1

GL :N

	

100 .0 100 .0 100,0 300 .0 V .0 [LST = 12 :0033 ]

"Yf rX-Ak.'

	

oil:sol.:

	

0 OeIny 26 tg

I
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TA3 :3B IYI MV;SSAES POS3't ,3LB C:-DDT nEld

All of these a's-near on the AT ualoss otherise noted . Those
weooedod by ' u

	

here are aecomDaniel by a sounding oi the line
pinter alarm.

Vxpanation

Ready to acoe .nt a ooman .

Bnd-oitape reached Hon output file . Load an.3the r
labeled te proSs f": :,:;O whon ready . Tho xccOXd belng

won th,D MT .'s:'as-on-'.:ounto-red will be:re-

	

.
written at

	

beginning of the next avaiLo e file
on the aew ',''.ape .

	

the tape label is unreaableL
the wesage .i.9 zopeatd ; try again with. anotber tape-
Swtch 0 ici , 3aOT cloared .

Write error .on

	

tnTe . Pressing E;WO con
anotLor attc

	

to e: to the record Do
tab ?k tape . II the problem roeurs,abal t

the oomuter unload the tape and try

	

detertain,e
the cause .

	

the teTe is suspected, re-loadITTI;
using a dLETert tare . _:.« @,e that the Original tape
is missing a file marb . P.oport the Tinos ae to he
technical stai :i! ,

1nsuffisient-tima to- process a data. sainple . apTebable.

	

.

	

.
ha

	

3-'.'£ I/0 exrOr . 7.atgration in progresS auto -
atically a)&orl;1, eturn. to cormanq !made . NO data

recorded .

Data aooum.ulator overlova Probable exce.si've
inegration. timaSame act'

	

as TIJ=UT .
1:1.ti-t to. issue !:a„ RUN,

	

or /E ciemman d
while integratina.'

Where IIIXMa is the syste status
ala7s2 coneition has be ..3 .: detected while :integrating

Data taing 1 ,',
as of t''t''.0/73a . j

T

	

ITnrecogni ze 6 coma!,:l

printer ; cmutor halted) I/0

	

error .
tentainS us:it hunter, P.-register contain s

status word . Record 1: ;avo a y addxess at time Of halt ,
then <A) and

	

) .

	

address and Presea RIT to
resnnle exeuCtionH

	

press t'. <+t)
(Lire pinter3

	

halted . VorlyLat err ;
error code, Prabable illegal for .

	

parameters field
of a ommant'

.3
:7 twa decimal paints in a row. a See

YIP Fortran Manual for Ifrce-fteld in ;)ut rules- If you
J<-how that thio was the ounse of tho error, press InN
to reume

	

Other-nice, there

	

asibly be
a ;''ograT. ffyenav . Recard 0\),D) . To be

	

re-load
the EA.10S :-:,ec :Aive manually, write an :1;02 on the
output tape

	

any), and EUN 1TEI,I again .

essal',,;e

+ EOiTi-,PI;

i- TAPE ERR

2 11, -7a1Ct ;.71 0

E , lalaeArl-V

e .g, a Lae . is cu

	

a• .,.

	

-`t :.}
contiuing . pot mr., lel'ted
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Tnblo 2Iz a o: d

Explanatioa

Inter. locaL sidereal

	

h,n,[s] ,

Ertcr souri.te oEeo, :4p:t,c , 10 cl?.2'k'IctE.,rf

(I»\iiali vice

	

22e on2y :7

	

liaxzneters
-file could not bo-rcQ1:1

	

Ece p 2
iofurt

	

o7rplan .tIon ,

pha-:,o only) Me oatpnt tap/
labol 5aa Earadabl t,ither beoe ,) -f.' after i t
ro-writto., Try Eg ::lin :ith anothr taly-; ,
roopoad "1,e to the ' Aaxt "OUTPUT TAPE?»zap t .

NAE:,T

TkPE ERrOn O( 1':2 Cg. 2 ;
wE=n

BAD TAPE Ln OH DEC $
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XV OliT?UT

Wo : t) I :

	

Typo oo4o

WoJia

	

Longth N in worel,

	

oliecks a

!ord 3 tl=oa (lopm4ent on roord typz!

7ior6 N+I : Chockoum, st.1 p l of all othor wonls

Tyl)e N Contonts (Pcran

Header I 52 ITE,T-1.'(30 '),'I'2Tr :TT,PT=,10'P,NTA:f Iqji=Z,aa! I

2 202 Y.,,.usB(6,5) .,polV.19 :.5)

FDroo 3 II

	

.

.DAT.A(21CC(IO)ITS0.0),MEn,T1,Pi?,M0 0) :174 iAA.

.z

	

e r

Ca :-.;J1 0 3.4:

7 SV 'ITEX'T(-S5. )

LtrItIls 8 12 ISTATC10 )

Cor3oto.0 S 42 Y'll.Q.TA421C. ;

Cai .i'Yrntt ) .i, 10 . 05 CDATAt2,10),lNT,jUD.",2),ITPATL ,12jO)
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