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INTRODUCTION TO THE WSRT USER DOCU-
MENTATION

INTRODUCTION

Thisisthe user documentation for the Westerbork Synthesis Radio Telescope. It replaces the old manua and
the WSRT information packet.

The old manual was released in 1980. It contained several useful articles but it had not been updated since
its release and much of the information presented was out of date. In 1987 a WSRT information packet was
released for users of the WSRT. This information packet contained a brief description of the instrument and
all the information needed to write aproposal.

The user documentation replaces the documents mentioned above. It contains new material and updated parts
from the old manual and the information packet.

THE STRUCTURE AND CONTENTS OF THE DOCUMENTATION

The user documentation consistsof six partswhich can be used and distributed separately. Each partisrelevant
for a separate stage of of using the WSRT. The advantage of this modular approach is that the sizes of the
individual parts do not become too large and that the individual parts are easy to maintain. To provide easy
access to the information each individual part has it’s own table of contents in addition to a table of contents
and subject index for the complete user documentation.

Below a general description of the contents of the user documentation is given.

The documentation begins with a short description of the user documentation documentation (which is what
you are reading now), atable of contents, a subject index, and alist of references.

Part 1. Proposing for WSRT observing time.

This part contains all the information necessary to write a proposal. Here we present a summary of the
capabilities of the WSRT, explain how time is awarded, supply the necessary addresses and present a
list of personswhom to contact with specific questions.

This part can be used individualy and will be sent to people who are interested in observing with the
WSRT. There is some redundancy with informationin other parts of the documentation.
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Part 2: Introduction to the theory of aperture synthesis

This part contains an introductionto the theory of aperture synthesiswith some emphasis on the WSRT.
It is probably not needed by experienced radio astronomers but may be of use to those who are new
to thefield. This part contains some chapters with introductory theory with references to the standard
literature. In the last chapter we included a bibliography and a ‘dictionary’ for quick reference to
standard literature.

Part 3: Specific aspects of the WSRT

Inthispart wedescribethe different modes of operation of the WSRT, provide sometechnical information
and explain how asetup must be specified when proposing for an observation. Thereissome redundancy
with thefirst part of the documentation. Whilewriting a proposal the less experienced WSRT user may
find it useful to consult this part for more details about the differences between the several instrumental
setups.

Part 4: Cdlibration and reduction of WSRT data

In this part we describe the corrections and calibrationsthat are and/or need to be performed on WSRT
data. We present some tipsand hintsfor further data reduction and present pictureswith errorsthat may
be encountered in WSRT maps.

Part 5: Various

Inthis part we present equations, graphs and tablesthat may be useful for the specification of aproposal
or during the reduction phase. We aso included a brief guide to ARCQUERY, the archive query
software.

Part 6: NewStar

The second version of the user documentation will contain the NewStar program descriptions and
recipes. We expect that this part will become available before the end of 1993. NewStar is the special
software for u,v-data processing, devel oped at the NFRA.

THE FORMAT OF THE MANUAL

The documentation was produced using the IATEX type setting program. The output format of the manual is
PostScript. The advantages of this are that the User Document can be distributed electronically and can be
reproduced locally by the user without loss of quality of picturesand text. (WISIWY G,what | seeiswhat You
get.)

Another format we considered for the reproduction of the documentation was TeX-Info. TeX-Infoisasystem
with which information can be reproduced on paper and online on a computer terminal. We did not choose
for this system because it is not able to display information like mathematical formulae and figures. We also
think that the information in the documentation will be read el sewhere than behind a computer terminal.

THE PRODUCTION, DISTRIBUTION AND MAINTENANCE OF THE MANUAL

The user documentation was produced in a 16 month period. The work was done on a computer account in
Groningen. All texts were typeset in IATEX and all figures were redrawn using SM, Xfig and IslandDraw. All
the files were shipped to an account (referred to as the documentation account) at NFRA Dwingel oo and will
be maintained at NFRA. Observers who showed interest in the use of the WSRT are aways supplied with
the most recent version of part 1 of the documentation. A complete copy of the user documentation can be
obtained in two ways.

1. A copy of the user documentation can be requested at NFRA. This can be done by sending an e-mail
request to the documentation account or by contacting the NFRA secretary by surface mail or telephone.

Version: 1.0.0 July 16, 1993
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2. Andternativeway to obtain acopy of the documentation isto make use of anonymous ftp to obtain the
necessary PostScript files.

The user documentation is maintained on the documentation account at NFRA. Whenever parameters of the
instrument change, new information becomes available, or errors in the documentation are corrected a new
version of the user documentation will be released. The structure of the user documentation is such that
changesin the text do not need to affect more than afew pages. So to update the user documentation to a new
version only afew pages need to be replaced or added in a recent version. Users of the documentation can
register them selves so that they areinformed about the change to anew version so they can updatetheir private
copy. Updates can be obtained in a similar way as a complete version of the documentation i.e. PostScript
format on the anonymous ftp-node and paper copies by surface mail. Information about recent updates can be
found in the NFRA-Newsl etter and on the anonymous ftp-node.

OBTAINING OR UPDATING A PRIVATE COPY OF THE USER DOCUMENTATION

OBTAINING THE USER DOCUMENTATION

The documentation is stored in postscript format on an anonymous ftp node. It can be printed out on every
regular postscript device. To obtain a copy of the documentation use the foll owing procedure.

— Find a suitable computer and typeftp rzmws10. nfra. nl or if the route cannot be found f t p
192.87.1.160

— At the prompt user nane type: anonynous. Type your e-mail address as password.
— typeget README to get the README file and read it
— Changedirectory towsrt . user doc/ t ot al . copy/
— typebi nary to set thefile transport to binary
— typenget part*.ps.Zandy at the prompt
— typeget registration.form
— Leaveftp by typingqui t
— Uncompress the files and print files on a postscript printer e.g.
zcat part*.ps.Z |lpr -s -P{ printername )
should work in a‘standard” UNIX environment.

— Fillinther egi stration. formandsendittowsrt @fra. nl. Youwill then beinformed when
new versions of the documentation appear.

In the case you are not able to get, uncompress or print out the User Documentation, you are requested contact
NFRA at the user documentation account.

Remember that obtaining a complete version of the user documentation is a somewhat time consuming job.
First you haveto transfer afew megabytes of dataat arate typically of the order of Skb per second. Then you
have to print the documentation, which takes in the order of 1 to 2 hours.

It isin most cases more practical to Xerox alibrary copy and ftp the updates or to obtain a paper copy from
NFRA.

Version: 1.0.0 July 16, 1993
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ftp node
rzmws0.nfra.nl (192.87.1.160)

usernane: anonynmous
passwor d: user @ode. nane

I s e B e
binsy L
not relevant for wsrt users
(contains other material)

READVE
register.form ‘tOtal}copyl‘ ‘ChaHQGS/ ‘

proj ect.inf.sheet

partl.ps.Z
partll.ps.Z

| og. of . changes
ver.1.0.0.ps. Z
ver.1.0.1.ps.Z

version.1.1.4. B
ver.1l.1.4.ps. Z

empty file indicating current version

Figure 1.1: Directory structure of the anonymous ftp
node onwhich auser can find the complete WSRT User
Documentation

UPDATING THE USER DOCUMENTATION

Whenever informationis added to the documentation or information has been changed in the documentation a
new version appears. The User Document as obtained from thewsr t . user doc/ t ot al . copy/ directory
on the anonymous ftp node is aways the most recent one.

Once you have sent in the registration form you will be informed by e-mail when the documentation is
changed. You may then obtain a new version of the User Documentation. However, because ftp-ing and
printing completely new partsisnot only cumbersome but also bad for the environment (paper, toner, energy)
themost recent changes are placed in files on aseparate directory on the anonymousftp-node. Inthisdirectory
(wsrt. userdoc/ changes/)thereisafilecdled| og. of . changes which containsinformation about
the changes since appearance of the manual referring to the corresponding version numbers. By comparing
the version number on the front cover of your manual you will be able to see which files you have to ftp to
obtain a updated version of the manual. The reader is strongly advised to read this| og. of . changes-file
before ftp-ing new files. Of course you may aways decide to obtain a new full copy of the Documentationin
which all cross referencing and page numbering is correct.

NB: To get notification about new versions you should be registered. To register send the registration form
from the anonymous ftp-node to the documentation account. 1f you do not have e-mail available please send
amessage by surface mail to the NFRA secretary.

ADDRESSES

The person responsible for the maintenance of the user documentation and its distribution can be contacted
by: sending an e-mail message to the documentation account or via the NFRA secretary. Complaints
about, suggestions on, requests for, and contributions to the user documentation should also be sent tot he
documentation account or the NFRA secretary.

Version: 1.0.0 July 16, 1993
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documentation account :  WSRT@NFRA. NL

NFRA Secretary : NFRA
PO. Box 2
NL-7990 AA Dwingeloo
The Netherlands
tel:+31-(0)5219-7244
fax:+31-(0)5219-7332

CONCLUDING REMARKS

The WSRT user documentation will provide al scientistsinterested in using the WSRT with useful and up-
to-date information. Regular maintenance will ensure that one is always provided with information about
the latest developments in the hardware of the WSRT or in the software used to reduce its data. If you are
interested in a copy please obtain one at the anonymous ftp-node (rzmwsl10.nfranl (192.87.1.160)), send a
request for apaper copy to the documentation account (wsrt@nfranl), or contact the NFRA secretary (Postbus
2, NL-7990 AA Dwingeloo, The Netherlands). Thisis aso the address to send your registration form to. A
copy of the registration form can be found below or on the anonymous ftp-node.

If you have any comments or suggestions about improving this documentation please contact us at the
documentation account (wsrt@nfra.nl), or contact the NFRA secretary (Postbus 2,NL-7990 AA Dwingeloo,
The Netherlands). We specialy welcome

— Additionsof anything you feel is missing from this documentation.
— Any remarks and/or suggestionswhich may improvetheintelligibility of partsof theuser documentation.

— Detections of typos, etc.

COPYRIGHT

The ‘WSRT User Documentation’ is copyright © 1993 by the Netherlands Foundation for Research in
Astronomy (NFRA). The ‘WSRT User Documentation’ or parts of it may befreely copied and distributed for
non-commercial purposes.

Care has been taken to present all information in the *WSRT User Documentation’ correct and up to date.
However, NFRA cannot accept any responsibility for any losses resulting from itsuse.
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--- Registration Form ------------ommmmmooo- WBRT User Docunentation ----

(..) | obtained a copy of (a part of) the WBRT User Docunentation and
I want to be informed by e-nmil when updates appear.

(..) I would like to receive a paper copy of the WBRT proposal packet
(Part 1 of the User Docunentation).

(..) I would like to receive a paper copy of part ... of the WBRT
User Docunent ati on.

(..) I would like to receive a copy of the conplete
WBRT User Docunent ation.

Y = T =

addr ess:

COUNE T Y. o e e

telephone: (...).... ... .. ... ... ..... E-mail: ... .. .

Pl ease send this formto:
NFRA
Post bus 2
NL- 7990 AA Dwi ngel oo
The Net herl ands
or a sinmlar nmessage by e-nmail to WBRT@\FRA. NL
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The Roman numbers in the page numbers indicate in which part the item can be found. The titles of the parts
are summarized below. In the preface we give a short description of the contents of the parts.

| Proposing for WSRT Observing Time

[ Introduction to the Theoryu of Aperture Synthesis
Il Specific Aspects of the WSRT

IV Calibration and Reduction of WSRT Data

V Various

VI The NewStar Software

A/D conversion, 111-7-5 pattern, I1-3-1, [1-9-5
aberration correction, 1V-1-2 power pattern, I1-2-2
accuracy reception pattern, 11-2-2
pointing, I-2-1, I11-1-1 temperature, 11-7-1
surface, 1-2-1, 111-1-1 aperture
acknowledgment, 1-3-2 effective, 11-7-1, 11-7-5
addition theorem, see A Fourier transform, rela aperture synthesis, 11-5-1
tions basicreation, I1-2-1
addresses, 1-5-1 archive, V-3-1
diasing, I1-8-2,11-9-5 ARCQUERY
alocation priority, 1-3-3 short guide, V-3-1
amplitude ARQUERY
ripples short guide, V-3-5
suppression of, 11-8-9 array
ripples, 11-8-8 geometry, 1-2-1, 111-1-1
amplitude correction, 111-7-2 atmosphere
amplitude corrections, [V-1-2 errors, IV-3-4
Amplitude decorrelation phase fluctuations, 11-5-7
delay tracking, I11-7-6 atmospheric corrections, 1V-1-5
amplitude decorrelation auto-correlation, 111-6-1
phase tracking, 111-7-5 autocorrelation, 111-3-6
amplitudeinformation, 111-7-1 availability of WSRT, I-3-1
antenna Azimuth-Elevation diagram, V-1-5
geometrical areg, I1-7-1
accuracy backend
pointing, I-2-1, 111-1-1 characteristics, 1-2-4-1-2-5, 111-1-2-11-1-5
surface, 1-2-1, 111-1-1 continuum, see A DCB
beam' see /A beam DCB, see A DCB
efficiency factor, 11-7-1, 11-7-5 DXB, see A DXB
geometrical area, 11-7-5 line, see A DXB

normalized reception pattern' |11-2-3 backends, I-2-2—-2-5, |11-1-2-11-1-5
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pulsar filterbank, [-2-5, I11-1-5
bandpass

edge, 11-8-7
bandshape function, 11-2-4
bandwidth, 11-2-4, [1-7-1, 11-8-1

choosing the, 111-3-1

limited, 11-4-5

noise equivalent, 11-7-6

smearing, I1-2-6, 11-9-5
baseline

projected on the sky, 111-10-3
baseline corrections, 1V-1-5
baseline pole, I11-10-1

error, 1V-1-2

error in, 1V-3-3
baseline separation

choosing the, 111-3-3, 111-3-5
baseline vector,, 11-2-2
baseline-pole, 11-9-5
baselines, 111-8-9

non-standard, 1-2-4, 111-1-4

redundant, see A redundancy

redundant, table, 111-5-2

spacings, 111-8-9
standard, 1-2-4, 111-1-4
beam

Gaussian, I1-7-3
integrated, I1-7-3—1-7-4
power and polarization, 111-8-4
restoring, 11-7-3
synthesized, 11-5-5, [11-8-9-11-8-12
integral over, I1-5-8
RA for 2.8 km basdine, -2-3, 111-1-3
theoretical synthesized, I1-7-3
beam properties, 111-8-3
bibliography, 11-9-1-11-9-4
bit modes, I11-2-3
Boltzmann’s constant, I1-7-1
books, 11-9-1
brightness, I1-7-3, 11-7-4
brightnessdistribution, 11-3-1, 11-4-2, 11-7-2
brightness temperature, see A\ temperature, bright-
ness

calculation of visibility, V-2-1
caibration, IV-1-1-V-1-8
of mosaic data, 1V-1-5
redundancy, see A\ redundancy
channel separation, 1-2-3, 1-2-4, 1-6-4, 111-1-3, 111-
1-4
channdl usable, 111-3-2
choosing your setup, I11-3-1
chromatic aberration, 11-2-6

circular polarization, 111-4-2
CLEAN, I1-5-8, I1-7-3, 11-9-5
clock error, IV-1-2

closure error, 1V-3-4

coherence
function, 11-2-7, 11-9-5
matrix, 111-8-1

spatid, I1-2-3, 11-2-6
complex channels
number of, 1-2-3, 111-1-3
complex numbers
notation, 11-2-1
confusion, 11-5-9
congtant gain error, 1V-3-2
congtant phase error, 1V-3-3
contact persons, 1-5-2
continuum
backend, see A DCB
default settings (table), 1-3-5
conversion factor
flux—brightnesstemperature, I1-7-4
convolution, 11-4-4-{1-4-5
convolution theorem, see A Fourier transform, re-
lations
coordinate system
[, m, see \ I, m coordinates
u, v, see \ u, v coordinates
astrometric, 11-6-2
equatorial, 11-6-1
relation between, I1-6-2
unit vectors, 11-6-1, 11-6-2
coordinate systems, I1-6-1-11-6-3
for linear polarization, 111-4-1
transformation, V-1-4
l,b—a,b,V-1-6
Altitude ,azimuth — «, 6, V-1-4
corrections, 1V-1-1-1V-1-8
amplitude, 1V-1-2
atmosphere, 1V-1-5
baseline, 1V-1-5
DC offsets, IV-1-3
dday, IV-1-2
determination of parameters, 1V-1-3
dipole, 1V-1-5
extinction, 1V-1-2
frequency, 1V-1-3
gain/phase, IV-1-7
interference(EMI), 1V-1-8
on-ling, IV-1-1-1V-1-5
phase, IV-1-2
pointing, IV-1-1
precession, nutation, and aberration, 1V-1-2
guantization, 1V-1-2
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shadowing, IV-1-7
standard, IV-1-5
temperature, IV-1-2
Van VLeck, IV-1-2
correlation, see A\ Fourier transform, relations
correlation degradation factor, see A\ degradation
factor
correlator modes, 111-2-3
cross-tak, IV-3-4
crossed dipole
seepol arization,crossed dipole, [11-4-4

data manipulation, I1-5-1
DC offsets correction, 1V-1-3
DCB, 1-2-3, 1-2-4, 111-1-3, 111-1-4, 111-7-6
offsets, 1V-3-4
pulsar observations, 111-3-7
specifying the setup, I11-3-5
deadlinefor proposas, 1-3-3
degradation factor, 11-7-6, 11-9-5
digital vs. analogue correlation, 111-2-3
degradation fctor, 111-2-3
deay, I11-7-5
geometrical, 111-10-1
stability, I11-7-6
tracking accuracy, 111-7-6
delay correction, 1V-1-2
delay effects, 11-8-10
delay tracking, I1-2-4-11-2-5
dictionary, I1-9-5-1-9-7
Digital correlators
theory, 111-7-1
digita delay, 11-8-10, 111-7-5
digitization, I11-7-1
dipole
dlipticity
difference, 111-4-2
sum, 111-4-2
nominal position angle, 111-4-2
orientation, 1-2-1, [11-1-1
Setting error
difference, 111-4-2
sum, 111-4-2
dipole corrections, 1V-1-5
direction vector,, 11-2-2
dirty beam, 11-9-5
dirty map, 11-9-5
DLB, II1-7-2
offsets, 1V-3-4
DLB/DXB, Il1-7-2
DLB/DXB also see DXB, I-2-4, 111-1-2
DXB, I-2-4, 111-1-2, 111-7-2
autocorrelation, 111-3-6

redundant configurations, I11-5-4
setup
table of completeness descriptions, 111-5-6
specifying the setup, I11-3-1-111-3-5
dynamic range, 11-5-7, 11-5-9, IV-1-5
dynamic range, obtaining ahigh, 111-5-1
DZB, I-2-5, I11-1-5

effective frequency resolution, 11-8-5
EMI, 1V-1-8
equations
useful, V-1-1-V-1-6
equatorial coordinate, V-1-6
error
gain, 1V-3-1
infixed telescope, 1V-3-3
in matched flux density, I1-7-5
in measured flux density, 11-7-5
in movabl e tel escope, 1V-3-3
intotal flux density, 11-7-6
phase, IV-3-2
pointing, IV-1-1
errors
pointing effects, I11-8-4
delay, 1V-1-2
illustrationsof, 1V-3-5
in maps, IV-3-1-1V-3-5
on-line correction of, see A corrections,on-
line
phase, IV-1-2
uncorrectable, 1V-1-3
expansion
power series of common functions, V-1-2
extended source, 111-6-1
extinction
tropospheric, IV-1-7
extinction correction, 1V-1-2

fast Fourier transform, see A Fourier transform,
fast
FFT, see A\ Fourier transform, fast
fidd of view, I-2-3, 111-1-3, 111-6-1
field repetition function, I11-5-2
filler, 1-3-3
filters, 111-7-4
fixed telescope
error, 1V-3-3
flux density, I1-7-2,11-7-3
of extended sources, |1-5-9
matched, 11-7-2, 11-7-3, [1-7-5
erorin, [1-7-5
measured
erorin, [1-7-5
observed, I1-7-4
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total, 11-7-6
error, 11-7-6
Fourier spectrum, 11-4-2
Fourier transform, 11-4-1-1-4-6, 11-8-1
definition, 11-4-1
fast, I1-5-1-1-5-5
effects, 11-8-10
functionsand their, 11-4-3
inverse, 11-3-1
definition, 11-4-1
of even and odd functions, 11-4-2
properties, 11-3-1
relations, 11-4-2—1-4-6
two dimensional, I1-4-1
visibility, 11-5-1
frequencies
table of molecular and line, V-1-9
lines, V-1-6
frequency
channels, I-6-4, 11-8-12
usable, 111-3-2
effective resolution, I-6-4, 11-8-12
fringe, 111-10-2
video, see A\ video frequency
frequency bands (DCB)
choosing, I11-3-5
frequency channels
choosing the number of, I11-3-2
frequency convertion, 1V-1-2
frequency correction, 1V-1-3
frequency domain, I1-4-2, 11-8-2
spectrdl, 11-8-1
frequency range, 1-2-3, I11-1-3
fringe, 11-9-5
demodulation, 111-7-5
frequency, 111-10-2
fringe frequency
figure, 111-10-4
fringe function, I1-2-2
fringe stopping, I1-8-10, 11-9-5, I11-7-6
frontend
mounting of, 1-2-1, 111-1-1
multi frequency, 1-2-5, 111-1-5
function
convolving, 11-5-1
sampling, I1-4-7
visibility, see A visibility
functions
and their Fourier transform, I1-4-3
boxcar, 11-5-5
delta, 11-5-2, 11-8-7
even and odd, I1-4-2, 11-8-1
grading, 11-5-5, 11-9-5

impulse, see A functions,delta
involvedin map making, 11-5-2
rectangle, 11-4-3

shah, I1-4-3,11-8-2, 11-9-6

sinc, 11-4-3, 11-5-5, 11-8-4

time cross—correlation, 11-8-1

gain corrections, V-1-7
gain error, see A\ error, gain
gain factor, I11-4-2
galactic coordinates, V-1-6
Gaussian source, visibility of, V-2-1
geometrical delay, I11-10-1
geometry
of thearray, 1-2-1, 111-1-1
GIPSY, IV-2-1
grading, 11-5-2, 11-5-5-1-5-7
efficiency factor, I1-7-6
function, see A functions,grading
Gaussian, I1-7-3
truncated Gaussian, 11-5-7
grating ellipse, see A grating ring
grating function, 11-5-2
grating ring, 11-5-5, 11-5-7, 11-5-8, 11-9-6
distanceto, 1-2-3, 111-1-3
grid, 11-5-1

Hamming taper, see A taper,Hamming
Hanning taper, see A taper,Hanning
HI

datareduction, 1V-2-1

hour angle
missing, 1V-3-3
IF system, I11-7-4

IF to video conversion, 111-7-4
illuminationfunction, see A functions, grading
image domain, 11-4-2, 11-9-6
image plane, see A\ image plane
incoherence

spatid, 11-2-6
information shegt, 1-3-1
instrumenta term

e, 111-4-2

n, 111-4-2
interference, 111-10-3
interference corrections, 1V-1-8

interferometer
coordinates, 11-6-2
east-west, 11-6-2
error, 1V-3-2

idedl, 11-2-1-11-2-7
assumptions, I11-2-6
response
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extended source, I1-2-2
point source, 11-2-2
simple correlating, 11-2-1, 11-2-2
inverse Fourier transform, see A\ Fourier transform,
inverse
ionosphere, IV-1-4, 1V-1-5
effect in map, 1V-3-4

large scale structure, 11-5-8
leskage, 11-8-5
line
backend, see A DXB
line data
reduction, 1V-2-1
line frequencies, V-1-9
line observation
calibration of, 11-8-6
default setting(table), 1-3-7
linear polarization component, I11-4-2
linear polarized position angle, 111-4-2
linear spacing between telescopes (graph), 111-9-2
linearity theorem, see A Fourier transform, rela
tions
linearly polarized intensity, I11-4-2
l,m
coordinates, 11-3-1, 11-6-1
definition, 11-6-2
local mode of operation, 1-2-2, 111-1-1

map
integral over synthesized, 11-5-8
MARK?2, see A MK2
MARK3, see A MK3
matched flux density, see A flux density, matched
maximum bandwidth, I-2-3, 111-1-3
missing hour angle, 1V-3-3
missing spacings, 11-5-8
mixer, [11-7-4
MK2, 1-2-3,1-2-5, 111-1-3, 111-1-4
bandwidth, 1-2-3, 111-1-3
MK3, 1-2-3,1-2-5, 111-1-3, 111-1-4
bandwidth, 1-2-3, 111-1-3
mode
autocorrelation, 111-3-6
local - of operation, 1-2-2, 111-1-1
mosaic, 1-2-2, 111-1-2
observing, 1-2-2, I11-1-1
pulsar observations, I11-3-7
modes
correlator, 111-7-6
molecul ar line frequencies, V-1-6
mosaic
u, v-coverage, |11-6-3
implementation, 111-6-2

mosaic mode, see A mode, mosaicsee A mode,
mosaic
mosaicing, I1-9-6, 111-6-1-11-6-4
theory, 111-6-1
movable tel escope
error, 1V-3-3

NCP projection, see A North Celestial Pole projec-
tion

noise

calculation of, 111-2-2

confusion, 11-5-9

estimation of, 111-2-1

inmap, 11-5-5

in tapered spectra, 11-8-11

intotal HI map, 1V-2-3

receiver, 111-2-1

tablefor for 21 cm, 111-2-3

thermal, 11-7-1, 111-2-1
noise equival ent bandwidth, 11-8-5

table, 111-2-4
noise power, 11-7-1, 11-7-5
non standard basdlines, 1-2-4, [11-1-4
non-standard basdlines, see/\ basealines,non-standard
North Celestia Pole projection, I1-6-3
nutation correction, 1V-1-2
Nyquist relation, 11-7-1

observationa setup, see A\ setup, specifying
observing
limits
shadowing, see A shadowing, observing
limits
observing limits
shadowing, see A\ shadowing, observing lim-
its
observing mode
mosaicing, I11-6-1
polarization, I11-4-1
observing modes, 1-2-2, 111-1-1
offset, pointing, 111-8-4
on-line corrections, 1V-1-1-1V-1-5
output format, 1V-1-8

pardlactic angle, V-1-4

parallel dipoles, see A polarization, parallel dipoles
Pascal’striangle, V-1-2

persons, contact, 1-5-2

phase
effects, 11-8-6-11-8-9
ripples, 11-8-8

suppression of, 11-8-9
phase center, see A\ phase reference point
phase corrections, 1V-1-2, 1V-1-7
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phase error, see A\ error, phase
phase reference point, 11-2-1, 11-9-6
phase shift, I1-4-4
phase tracking
accuracy, I11-7-5
Planck law, 11-7-2
point sources, visibility of two, V-2-2
pointing accuracy, 1-2-1, 111-1-1
pointing correction, 1V-1-1
pointing effects, I11-8-4
pointing model, 1V-1-1
polar axis, IV-1-2
polarization, I11-4-1-11-4-7
accuracy, I11-4-7
angle, 11-9-6
circular, 111-4-2
crossed dipole, 111-4-4
errors, |11-4-7
fractional, 111-4-1
parale dipoles, 11-4-5
positionangle, I11-4-1
primary beam, see A primary beam
Stokesparameters I, Q, U, V, 11-4-1,111-8-1
vector, 111-4-1
polarization pattern
primary beam, 111-8-5
power, |1-7-1
noise, 11-7-1, 11-7-5
spectrdl, 11-7-1
power pattern
primary beam, 111-8-5
synthesized beam, 111-8-11
precession
formulae, V-1-6
precession correction, V-1-2
primary beam, 11-9-6, I11-8-1-11-8-8
power and polarization, 111-8-4
program committee, see A proposing, program
committee
projected baseline, 111-10-3
proposing, I-3-1-1-3-6
dead line, 1-3-3
evauation, I-3-3
guidelines, 1-3-2
information shest, 1-3-1
interim proposals, 1-3-1
program committee, -3-1
submission, 1-3-3
publication
acknowledgment, 1-3-2
pulsar observations, 1-2-5, 111-1-5, 111-3-7

guantization correction, 1V-1-2

radial sampling function, I1-5-2
radiation

monochromatic, 11-2-2
radio sources

diagram, V-1-8
Rayleigh-Jeanslaw, 11-7-2
receiver

rotation of thefeeds, 111-4-2
receiver system

description of, I11-7-4
recelvers, [-2-2-1-2-5, |11-1-2-111-1-5
recombination line frequencies, V-1-6
rectangle function, see A functions,rectangle
rectangular sampling function, I11-5-2
reduction of line data, IV-2-1
redundancy, I11-5-1-111-5-3

configurationsfor DXB, 111-5-4

table of basdlines, I11-5-2

WSRT, I11-5-2
reflection, 11-5-5
refraction, [V-1-2

tropospheric, IV-1-7
resolution

spatial, 111-10-5
response

matrix, I11-8-2
rotation

of frontend feeds, 111-4-2

sampling, I1-3-1, 11-4-5, 11-8-2, 111-7-1
discrete, 11-8-7
interval, 11-8-4
sampling rate, 11-8-2, 111-7-5
sampling theorem, see A\ Fourier transform, rela-
tions
scheduling, 1-3-1
self-calibration, 1V-1-5
sensitivity, I1-7-4-11-7-6, 11-9-6, 111-2-1-11-2-3
21 cm observations(table), 1-6-3, 111-2-5
after smoothing, I11-2-1
calculation, 111-2-1
calculation of, 111-2-2
estimation of, 111-2-1
for anon standard setup, 111-2-2
for astandard setup, 111-2-1
theoretical for 12h measurement, 1-2-3, 111-1-
3
service
observing, 1-3-1
setup
specifying, I11-3-1-111-3-7
autocorrelation, 111-3-6
bandwidth, 111-3-1
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baseline separation, 111-3-3, 111-3-5
DCB, I11-3-5
DXB, I11-3-1
examples, 111-3-4
frequency bands (DCB), 111-3-5
frequency channels, 111-3-2
pulsar observations, 111-3-7
spatial resolution, I11-3-3
taper, 111-3-2
shadowing, I11-9-1
calculation, 111-9-1
observing limits, 111-9-4
graph, 111-9-3
tables, 111-9-6
shadowing corrections, 1V-1-7
shah function, see A functions, shah
shift theorem, see A Fourier transform, relations
short spacing, I11-8-11
side-lobes, 11-8-5
sidelobe, 111-5-1
sidel obe patterns, 111-8-7
sidelobes, 11-5-1, 11-5-7
similarity theorem, see A\ Fourier transform, rela-
tions
sinc function, see A\ functions,sinc
single sideband, I11-7-4
smoothing, I1-4-4
snapshot, 1-2-6
spacing
missing, I1-5-8
short, 111-8-11
spacings
synthesized beam for different, I11-8-11
table, 111-8-10
spatial domain, 11-4-2
spatial frequency, 11-4-2
coverage optimization (mosaicing), 111-6-2
spatial frequency brightnessdistribution, see A vis-
ibility function
spatial frequency filter, 11-5-5
spatial frequency sensitivity function, I1-5-2
spatial resolution
choosing the, 111-3-3
spectra, 11-8-1-11-8-13
spectral domain, 11-4-2
spectral power, 11-7-1
spectrum
of continuum point source, 11-8-6
spherical trigonometry, V-1-3
standard baselines, see A basdlines,standard
standard corrections, 1V-1-5

(non-)standard baselines, see A\ baselines,non-standard

Stokesparameters, 11-9-6, see/\ polarization, Stokes
parameters

structure

extended, I11-6-1

large scale, 11-5-8

low level, 11-5-8
surface accuracy, 1-2-1, 111-1-1
synthesis measurement

error in, 1V-3-3
synthesized beam, 111-8-9-111-8-12
system temperature

measurement of, 111-7-2

taper, 11-5-2, 11-8-4, 11-8-7, 11-9-7
choosing the, 111-3-2
effective frequency resolution, 1-6-4, 11-8-12
Hamming, I1-8-13, 11-9-6
Hanning, I1-8-10, I1-9-6
effective frequency resolution, I1-8-10
properties, [-6-4, 11-8-12
noise tapered spectra, 11-8-11
properties, 1-6-4, 11-8-12
uniform, 11-8-4, 11-8-9
effective frequency resolution, 11-8-5
noise equivalent bandwidth, I1-8-5
properties, [-6-4, 11-8-12
taper function, I1-5-2
tapering, 11-8-9-1-8-10
tapes, IV-1-8
telescope
error, IV-3-3
temperature
system
measurement of, I11-7-2
antenna, I1-7-1, 11-7-3, 11-9-7
brightness, I1-7-2, 11-7-3, 11-9-7
noise, 111-7-2
objects, 11-7-1
resistor, 11-7-1
source, |1-7-3
system, 1-2-3, 11-7-5, I1-7-6, 11-9-7, 111-1-3
table, 1-6-1, [11-2-3
temperature corrections, 1V-1-2
temperature(s), I1-7-1-11-7-4
tied array, 11-9-7
time domain, I1-8-2
total intensity, I11-4-2
Traveling ionospheric disturbances (TID)
effect in map, 1V-3-4
trigonometry, V-1-1
troposphere, IV-1-7

uncorrectable errors, 1V-1-3
uniform taper, see A taper, uniform
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U, v
coordinates, 1-6-1
definition, 11-6-2
domain, 11-4-2
plane, I1-3-1, 11-5-1
(position of ) structuresin, 11-4-2
dlipses, [1-3-2, 11-5-2
UV FITS, I1V-1-8

Van Vleck correction, 1V-1-2
varying gain error, 1V-3-3
varying phase error, 1V-3-2
video bandpass, 11-8-1
video frequencies, I11-7-4
video frequency, 11-8-1
visibility, 11-2-1-1-2-4, 11-2-6, 11-3-1, 11-9-7
amplitude, 11-2-4, 11-2-5
calculations, V-2-1-V-2-2
complex, 11-2-3
cosineg, 11-2-3
definition, 11-2-3
fourier transforming the, 11-5-1
Gaussian source, V-2-1
phase, 11-2-4, 11-2-5
point sources, V-2-2
sine, 11-2-3
VLA, |1-2-6
VLBI, I-2-3,1-2-5, 11-9-7, 111-1-3, 111-1-4

Westerbork unit, 11-9-7
window, see A\ taper

zero frequency, see A\ video frequency O
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LSt postmentanon GLOSSARY
A ;. azimuth
a . dtitude
A(o), A(l, m): antennareception pattern
A, . effective aperture of antenna
Ar : geometrical cross-sectional area of antenna aperture

An(o), An({,m) : normalized antennareception pattern (= A(o)/A(0) or A(o)/Amax

B . total bandwidth

B(o) . brightnessdistributionin direction &

B'(0) : modified brightness distribution indirection &

b : channel separationb = B/Np

b : new galactic latitude

D . degradation factor, increase in noise when using adigital instead of an analogue correl ator
D . baseline vector

D, . baseline vector in units of wavelength

D, . length of baseline vector in units of wavelength

D mae : maximum baseline length in units of wavelength

D min : minimum baseline length in units of wavelength

Dy ine . baseline length increment in units of wavelength

E : complex eectric field column vector

Ey : x component of complex electric field column vector

Ey : y component complex electric field column vector

Doroj . projected baseline length

D., Dy, D, : components of baselinevector in equatoria coordinates

éu : unit vector of the astrometric coordinate system, pointsto 6 = 0°, h = 0"
év : unit vector of the astrometric coordinate system, pointsto § = 0°, h = 6"
éw . unit vector of the astrometric coordinate system, pointsto § = 90°

éx : unit vector of the equatorial coordinate system, pointsto 6 = 0°, h = 0"
éy : unit vector of the equatorial coordinate system, pointsto § = 0°, h = 6"
éz : unit vector of the equatoria coordinate system, pointsto $ = 90°

F : response matrix

F(Dy,s0) : fringefunction

F(s0) . fringefunction

F(s) . fringefunction

: grading function
. (complex) gain factor
g(u,v) . grading function
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G(l,m) . Synthesized beam (Fourier transform of the grading)
H(v) . bandpass shape function

H; : signal in Hanning tapered frequency channel

Hay . average signd signal in added Hanning tapered channels
H(p) . normaized voltage main beam response

h . hour angle

ho . hour angle of pointing center

h(t) : time cross correl ation function

1 . Stokes parameter, total intensity (complex)

Iy(R) . integral of synthesized beam of circular area with radius /2
Jo . zero order Bessel function

j : imaginary unit (j = v/—1)

K . Constant involved in noise calculation

K(p) . normaized voltage crosstalk term

k : Boltzmann’s constant

L . lefthand circular =7 — V

Ly . linear shadowing

{ : new galactic longitude

M . factor depending on type of receiver and dipole combination
Np . Bitmode (equals 1 or 2)

Npp, : number of spacings

Np : number of frequency channels

Ny . number of interferometers

Np : Number of polarizations

n : aninteger value

M . scaling factor depending on type of receiver and dipole combination used
m . fraction of polarization

P . percentage polarization

P, . polarization summation factor

Py . polarization position angle

P(R) : normaized synthesized beam intensity at radius /2
p . position angle of the baseline

Q . Stokes parameter, linear polarization component (complex)
q . parallactic angle

R . righthand circular = I + V

R(p) . Rotation matrix

Rew : complex response of a polarization interferometer
RT : shorthand for radio tel escope

Rie . Telescope response

r(Dy,s0) : responseof acorrelating array as afunction of baseline seperation and pointing direction
S . coherence matrix

Sees Sey, - .. components of the coherence matrix

S . observed flux

So . sourceflux density

Sm : matched flux density

s . direction vector pointingto arbitrary center

S0 . direction vector pointingto field center

sz, Sy, 8, . components of pointingvector in equatorial coordinates

Ta . antennatemperature
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HRpags

Xgssss~as<as

< X
< X

<
X

«

B
By
Brm
Bo
M(u,v,1)
AD

bv

)

0

Oav
bv

A-

AT

AS
ASrms

Na
Mg
o-
ot

. system temperature of fixed telescope

. system temperature of movable tel escope

. brightness temperature

: noise temperature

. temperature of aresistor

. system temperature

. integrationtime

: signal in frequency channel ¢

. Stokes parameter, linear polarization component (complex)

: output voltage column vector

: X component of output voltage column vector

: y component output voltage column vector

. Stokes parameter, circular polarization component (complex)

. power

. power measured by radio antenna

. power at resistor terminal (Nyquist)

. spectral power (power per unith bandwidth)

: spectral power (power per unith bandwidth) measured by antenna
. (complex signa in) correlation channel made from dipole X and dipole X intelescope ‘p’ and

‘q’ respectively

. (complex signa in) correlation channel made from dipole X and dipoleY intelescope ‘p’ and

‘q’ respectively

. (complex signal in) correlation channel made fromdipoleY and dipoleY intelescope ‘p’ and

‘q’ respectively

. (complex signa in) correlation channel made fromdipoleY and dipole X intelescope ‘p’ and

‘q’ respectively

: right accension

. boresight angle

. full width at half maximum of the power beam

. distance from the center to the point at which the voltage pol arization has its maximum
. thedistance in degrees of the beam center to thefirst null of the voltage pattern
. coherence function

: phase shift

: noise equivalent bandwidth

. declination

. declination of pointing center

: rm.s. noisein added frequency channels after (Hanning) tapering
: frequency separation, bandwidth

. (Scalar) di polesetti ng error difference (:ARTWEST — ARTEAST)
. (scalar) dipole setting error sum (=Agrw est + ArrEAST)

. error associated with totd flux density S

. thermal noise fluctuationsin total flux density

. (complex small instrumental term (=A~ — jO1)

. aperture efficiency

. grading efficiency factor

. (complex small instrumental term (=AT — jO™)

. (scalar) di pole elipticity difference(:ORTWEST - ORTEAST)

: (scalar) dipoledipticity sum (=@rrw EsT + OrRTEAST)

. frequency
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Qy
p
o2
o2

. beam area (integral over the beam)

. rotationangle

: vector inimageplain (o = s— )

. error associated with matched flux density .S,

OXX\OXY etc error associated with matched flux density for different polarizations

3(2)

. geometrical delay

. inserted delay

. latitude

. phase of complex number z

. visibility phase

: nomind position angle of dipole

: sum of nominal position angle of dipoles= yw + x&
: nomind positionangle of dipole= yw — x&
: complex visibility

. visibility amplitude

: Shah function

. rea part of complex number z

: imaginary part of complex number z

. parad dipoles

. crossed dipoles
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