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USER DOCUMENTATION PREFACE

INTRODUCTION TO THE WSRT USER DOCU-
MENTATION

INTRODUCTION

This is the user documentation for the Westerbork Synthesis Radio Telescope. It replaces the old manual 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its release and much of the information presented was out of date.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 a proposal.
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 consists of six parts which can be used and distributed separately. Each part is relevant
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), a table of contents, a subject index, and a list 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 persons whom to contact with specific questions.

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

This part contains an introduction to the theory of aperture synthesis with 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 the field. 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

In this part we describe the different modes of operation of the WSRT, provide some technical information
and explain how a setup must be specified when proposing for an observation. There is some redundancy
with the first part of the documentation. While writing 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: Calibration and reduction of WSRT data

In this part we describe the corrections and calibrations that are and/or need to be performed on WSRT
data. We present some tips and hints for further data reduction and present pictures with errors that may
be encountered in WSRT maps.

Part 5: Various

In this part we present equations, graphs and tables that may be useful for the specification of a proposal
or during the reduction phase. We also 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, developed at the NFRA.

THE FORMAT OF THE MANUAL

The documentation was produced using the LATEX 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 pictures and text. (WISIWYG,what I see is what You
get.)
Another format we considered for the reproduction of the documentation was TEX-Info. TEX-Info is a system
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 elsewhere 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 LATEX 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 Dwingeloo and will
be maintained at NFRA. Observers who showed interest in the use of the WSRT are always 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.
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2. An alternative way to obtain a copy of the documentation is to 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
changes in the text do not need to affect more than a few pages. So to update the user documentation to a new
version only a few pages need to be replaced or added in a recent version. Users of the documentation can
register them selves so that they are informed about the change to a new version so they can update their 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-Newsletter 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 following procedure.

– Find a suitable computer and type ftp rzmws10.nfra.nl or if the route cannot be found ftp
192.87.1.160

– At the prompt username type: anonymous. Type your e-mail address as password.

– type get README to get the README file and read it

– Change directory to wsrt.userdoc/total.copy/

– type binary to set the file transport to binary

– type mget part*.ps.Z and y at the prompt

– type get registration.form

– Leave ftp by typing quit

– Uncompress the files and print files on a postscript printer e.g.
zcat part*.ps.Z |lpr -s -Ph printername i
should work in a ‘standard’ UNIX environment.

– Fill in the registration.form and send it to wsrt@nfra.nl. You will then be informed 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 have to transfer a few mega bytes of data at a rate typically of the order of 5kb per second. Then you
have to print the documentation, which takes in the order of 1 to 2 hours.
It is in most cases more practical to Xerox a library 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)

username: anonymous
password:user@node.name

bin/   etc/   xxxx/    xxxx/    xxxx/     wsrt/
not relevant for wsrt users
(contains other material)

README
register.form
project.inf.sheet

total.copy/ changes/

partI.ps.Z
partII.ps.Z
    .
    .
version.1.1.4.

log.of.changes
ver.1.0.0.ps.Z
ver.1.0.1.ps.Z
     .
     .
ver.1.1.4.ps.Z

empty file indicating current version

Figure 1.1: Directory structure of the anonymous ftp
node on which a user can find the complete WSRT User
Documentation

UPDATING THE USER DOCUMENTATION

Whenever information is added to the documentation or information has been changed in the documentation a
new version appears. The User Document as obtained from the wsrt.userdoc/total.copy/ directory
on the anonymous ftp node is always 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 parts is not only cumbersome but also bad for the environment (paper, toner, energy)
the most recent changes are placed in files on a separate directory on the anonymous ftp-node. In this directory
(wsrt.userdoc/changes/) there is a file called log.of.changes which contains information 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 log.of.changes- file
before ftp-ing new files. Of course you may always decide to obtain a new full copy of the Documentation in
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. If you do not have e-mail available please send
a message 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
P.O. 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 all scientists interested 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 (rzmws10.nfra.nl (192.87.1.160)), send a
request for a paper copy to the documentation account (wsrt@nfra.nl), or contact the NFRA secretary (Postbus
2, NL-7990 AA Dwingeloo, The Netherlands). This is also 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 specially welcome

– Additions of anything you feel is missing from this documentation.

– Any remarks and/or suggestions which may improve the intelligibilityof parts of the user documentation.

– Detections of typos, etc.

COPYRIGHT

The ‘WSRT User Documentation’ is copyright c 1993 by the Netherlands Foundation for Research in
Astronomy (NFRA). The ‘WSRT User Documentation’ or parts of it may be freely 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 its use.

ACKNOWLEDGMENTS
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NFRA.
The Netherlands Foundation for Research in Astronomy is financially supported by the Netherlands Organi-
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--- Registration Form ------------------------ WSRT User Documentation ----

(..) I obtained a copy of (a part of) the WSRT User Documentation and
I want to be informed by e-mail when updates appear.

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

(..) I would like to receive a paper copy of part ... of the WSRT
User Documentation.

(..) I would like to receive a copy of the complete
WSRT User Documentation.

My name is: ............................................................

address: ............................................................

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

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

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

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

country: ............................................................

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

Please send this form to:
NFRA
Postbus 2
NL-7990 AA Dwingeloo
The Netherlands

or a similar message by e-mail to WSRT@NFRA.NL

----------------------------------------------------------------------------
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continuum
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convolution theorem, see Λ Fourier transform, re-

lations
coordinate systeml;m, see Λ l;m coordinatesu; v, see Λ u; v coordinates

astrometric, II-6-2
equatorial, II-6-1
relation between, II-6-2
unit vectors, II-6-1, II-6-2

coordinate systems, II-6-1–II-6-3
for linear polarization, III-4-1
transformation, V-1-4l; b – �; �, V-1-6

Altitude ,azimuth – �; �, V-1-4
corrections, IV-1-1–IV-1-8
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atmosphere, IV-1-5
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DC offsets, IV-1-3
delay, IV-1-2
determination of parameters, IV-1-3
dipole, IV-1-5
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gain/phase, IV-1-7
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quantization, IV-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 Λ Fourier transform, relations
correlation degradation factor, see Λ degradation

factor
correlator modes, III-2-3
cross-talk, IV-3-4
crossed dipole

seepolarization,crossed dipole, III-4-4

data manipulation, II-5-1
DC offsets correction, IV-1-3
DCB, I-2-3, I-2-4, III-1-3, III-1-4, III-7-6

offsets, IV-3-4
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specifying the setup, III-3-5

deadline for proposals, I-3-3
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digital vs. analogue correlation, III-2-3
degradation fctor, III-2-3
delay, III-7-5

geometrical, III-10-1
stability, III-7-6
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delay correction, IV-1-2
delay effects, II-8-10
delay tracking, II-2-4–II-2-5
dictionary, II-9-5–II-9-7
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digital delay, II-8-10, III-7-5
digitization, III-7-1
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setting error
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direction vector,, II-2-2
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dirty map, II-9-5
DLB, III-7-2

offsets, IV-3-4
DLB/DXB, III-7-2
DLB/DXB also see DXB, I-2-4, III-1-2
DXB, I-2-4, III-1-2, III-7-2

autocorrelation, III-3-6

redundant configurations, III-5-4
setup

table of completeness descriptions, III-5-6
specifying the setup, III-3-1–III-3-5

dynamic range, II-5-7, II-5-9, IV-1-5
dynamic range, obtaining a high, III-5-1
DZB, I-2-5, III-1-5
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EMI, IV-1-8
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useful, V-1-1–V-1-6
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error

gain, IV-3-1
in fixed telescope, IV-3-3
in matched flux density, II-7-5
in measured flux density, II-7-5
in movable telescope, IV-3-3
in total flux density, II-7-6
phase, IV-3-2
pointing, IV-1-1

errors
pointing effects, III-8-4
delay, IV-1-2
illustrations of, IV-3-5
in maps, IV-3-1–IV-3-5
on-line correction of, see Λ corrections,on-

line
phase, IV-1-2
uncorrectable, IV-1-3

expansion
power series of common functions, V-1-2

extended source, III-6-1
extinction

tropospheric, IV-1-7
extinction correction, IV-1-2

fast Fourier transform, see Λ Fourier transform,
fast

FFT, see Λ Fourier transform, fast
field of view, I-2-3, III-1-3, III-6-1
field repetition function, II-5-2
filler, I-3-3
filters, III-7-4
fixed telescope

error, IV-3-3
flux density, II-7-2, II-7-3

of extended sources, II-5-9
matched, II-7-2, II-7-3, II-7-5

error in, II-7-5
measured

error in, II-7-5
observed, II-7-4
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total, II-7-6
error, II-7-6

Fourier spectrum, II-4-2
Fourier transform, II-4-1–II-4-6, II-8-1

definition, II-4-1
fast, II-5-1–II-5-5

effects, II-8-10
functions and their, II-4-3
inverse, II-3-1

definition, II-4-1
of even and odd functions, II-4-2
properties, II-3-1
relations, II-4-2–II-4-6
two dimensional, II-4-1
visibility, II-5-1

frequencies
table of molecular and line, V-1-9
lines, V-1-6

frequency
channels, I-6-4, II-8-12

usable, III-3-2
effective resolution, I-6-4, II-8-12
fringe, III-10-2
video, see Λ video frequency

frequency bands (DCB)
choosing, III-3-5

frequency channels
choosing the number of, III-3-2

frequency convertion, IV-1-2
frequency correction, IV-1-3
frequency domain, II-4-2, II-8-2

spectral, II-8-1
frequency range, I-2-3, III-1-3
fringe, II-9-5

demodulation, III-7-5
frequency, III-10-2

fringe frequency
figure, III-10-4

fringe function, II-2-2
fringe stopping, II-8-10, II-9-5, III-7-6
frontend

mounting of, I-2-1, III-1-1
multi frequency, I-2-5, III-1-5

function
convolving, II-5-1
sampling, II-4-7
visibility, see Λ visibility

functions
and their Fourier transform, II-4-3
boxcar, II-5-5
delta, II-5-2, II-8-7
even and odd, II-4-2, II-8-1
grading, II-5-5, II-9-5

impulse, see Λ functions,delta
involved in map making, II-5-2
rectangle, II-4-3
shah, II-4-3, II-8-2, II-9-6
sinc, II-4-3, II-5-5, II-8-4
time cross–correlation, II-8-1

gain corrections, IV-1-7
gain error, see Λ error, gain
gain factor, III-4-2
galactic coordinates, V-1-6
Gaussian source, visibility of, V-2-1
geometrical delay, III-10-1
geometry

of the array, I-2-1, III-1-1
GIPSY, IV-2-1
grading, II-5-2, II-5-5–II-5-7

efficiency factor, II-7-6
function, see Λ functions,grading
Gaussian, II-7-3
truncated Gaussian, II-5-7

grating ellipse, see Λ grating ring
grating function, II-5-2
grating ring, II-5-5, II-5-7, II-5-8, II-9-6

distance to, I-2-3, III-1-3
grid, II-5-1

Hamming taper, see Λ taper,Hamming
Hanning taper, see Λ taper,Hanning
HI

data reduction, IV-2-1
hour angle

missing, IV-3-3

IF system, III-7-4
IF to video conversion, III-7-4
illuminationfunction, see Λ functions, grading
image domain, II-4-2, II-9-6
image plane, see Λ image plane
incoherence

spatial, II-2-6
information sheet, I-3-1
instrumental term�, III-4-2�, III-4-2
interference, III-10-3
interference corrections, IV-1-8
interferometer

coordinates, II-6-2
east-west, II-6-2
error, IV-3-2
ideal, II-2-1–II-2-7

assumptions, II-2-6
response
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extended source, II-2-2
point source, II-2-2

simple correlating, II-2-1, II-2-2
inverse Fourier transform, see Λ Fourier transform,

inverse
ionosphere, IV-1-4, IV-1-5

effect in map, IV-3-4

large scale structure, II-5-8
leakage, II-8-5
line

backend, see Λ DXB
line data

reduction, IV-2-1
line frequencies, V-1-9
line observation

calibration of, II-8-6
default setting(table), I-3-7

linear polarization component, III-4-2
linear polarized position angle, III-4-2
linear spacing between telescopes (graph), III-9-2
linearity theorem, see Λ Fourier transform, rela-

tions
linearly polarized intensity, III-4-2l;m

coordinates, II-3-1, II-6-1
definition, II-6-2

local mode of operation, I-2-2, III-1-1

map
integral over synthesized, II-5-8

MARK2, see Λ MK2
MARK3, see Λ MK3
matched flux density, see Λ flux density, matched
maximum bandwidth, I-2-3, III-1-3
missing hour angle, IV-3-3
missing spacings, II-5-8
mixer, III-7-4
MK2, I-2-3, I-2-5, III-1-3, III-1-4

bandwidth, I-2-3, III-1-3
MK3, I-2-3, I-2-5, III-1-3, III-1-4

bandwidth, I-2-3, III-1-3
mode

autocorrelation, III-3-6
local - of operation, I-2-2, III-1-1
mosaic, I-2-2, III-1-2
observing, I-2-2, III-1-1
pulsar observations, III-3-7

modes
correlator, III-7-6

molecular line frequencies, V-1-6
mosaicu; v-coverage, III-6-3

implementation, III-6-2

mosaic mode, see Λ mode, mosaicsee Λ mode,
mosaic

mosaicing, II-9-6, III-6-1–III-6-4
theory, III-6-1

movable telescope
error, IV-3-3

NCP projection, see Λ North Celestial Pole projec-
tion

noise
calculation of, III-2-2
confusion, II-5-9
estimation of, III-2-1
in map, II-5-5
in tapered spectra, II-8-11
in total HI map, IV-2-3
receiver, III-2-1
table for for 21 cm, III-2-3
thermal, II-7-1, III-2-1

noise equivalent bandwidth, II-8-5
table, III-2-4

noise power, II-7-1, II-7-5
non standard baselines, I-2-4, III-1-4
non-standard baselines, see Λ baselines,non-standard
North Celestial Pole projection, II-6-3
nutation correction, IV-1-2
Nyquist relation, II-7-1

observational setup, see Λ setup, specifying
observing

limits
shadowing, see Λ shadowing, observing

limits
observing limits

shadowing, see Λ shadowing, observing lim-
its

observing mode
mosaicing, III-6-1
polarization, III-4-1

observing modes, I-2-2, III-1-1
offset, pointing, III-8-4
on-line corrections, IV-1-1–IV-1-5
output format, IV-1-8

parallactic angle, V-1-4
parallel dipoles, see Λ polarization, parallel dipoles
Pascal’s triangle, V-1-2
persons, contact, I-5-2
phase

effects, II-8-6–II-8-9
ripples, II-8-8

suppression of, II-8-9
phase center, see Λ phase reference point
phase corrections, IV-1-2, IV-1-7
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phase error, see Λ error, phase
phase reference point, II-2-1, II-9-6
phase shift, II-4-4
phase tracking

accuracy, III-7-5
Planck law, II-7-2
point sources, visibility of two, V-2-2
pointing accuracy, I-2-1, III-1-1
pointing correction, IV-1-1
pointing effects, III-8-4
pointing model, IV-1-1
polar axis, IV-1-2
polarization, III-4-1–III-4-7

accuracy, III-4-7
angle, II-9-6
circular, III-4-2
crossed dipole, III-4-4
errors, III-4-7
fractional, III-4-1
parallel dipoles, III-4-5
position angle, III-4-1
primary beam, see Λ primary beam
Stokes parameters I, Q, U , V , III-4-1, III-8-1
vector, III-4-1

polarization pattern
primary beam, III-8-5

power, II-7-1
noise, II-7-1, II-7-5
spectral, II-7-1

power pattern
primary beam, III-8-5
synthesized beam, III-8-11

precession
formulae, V-1-6

precession correction, IV-1-2
primary beam, II-9-6, III-8-1–III-8-8

power and polarization, III-8-4
program committee, see Λ proposing, program

committee
projected baseline, III-10-3
proposing, I-3-1–I-3-6

dead line, I-3-3
evaluation, I-3-3
guidelines, I-3-2
information sheet, I-3-1
interim proposals, I-3-1
program committee, I-3-1
submission, I-3-3

publication
acknowledgment, I-3-2

pulsar observations, I-2-5, III-1-5, III-3-7

quantization correction, IV-1-2

radial sampling function, II-5-2
radiation

monochromatic, II-2-2
radio sources

diagram, V-1-8
Rayleigh-Jeans law, II-7-2
receiver

rotation of the feeds, III-4-2
receiver system

description of, III-7-4
receivers, I-2-2–I-2-5, III-1-2–III-1-5
recombination line frequencies, V-1-6
rectangle function, see Λ functions,rectangle
rectangular sampling function, II-5-2
reduction of line data, IV-2-1
redundancy, III-5-1–III-5-3

configurations for DXB, III-5-4
table of baselines, III-5-2
WSRT, III-5-2

reflection, II-5-5
refraction, IV-1-2

tropospheric, IV-1-7
resolution

spatial, III-10-5
response

matrix, III-8-2
rotation

of frontend feeds, III-4-2

sampling, II-3-1, II-4-5, II-8-2, III-7-1
discrete, II-8-7
interval, II-8-4

sampling rate, II-8-2, III-7-5
sampling theorem, see Λ Fourier transform, rela-

tions
scheduling, I-3-1
self-calibration, IV-1-5
sensitivity, II-7-4–II-7-6, II-9-6, III-2-1–III-2-3

21 cm observations(table), I-6-3, III-2-5
after smoothing, III-2-1
calculation, III-2-1
calculation of, III-2-2
estimation of, III-2-1
for a non standard setup, III-2-2
for a standard setup, III-2-1
theoretical for 12h measurement, I-2-3, III-1-

3
service

observing, I-3-1
setup

specifying, III-3-1–III-3-7
autocorrelation, III-3-6
bandwidth, III-3-1
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baseline separation, III-3-3, III-3-5
DCB, III-3-5
DXB, III-3-1
examples, III-3-4
frequency bands (DCB), III-3-5
frequency channels, III-3-2
pulsar observations, III-3-7
spatial resolution, III-3-3
taper, III-3-2

shadowing, III-9-1
calculation, III-9-1
observing limits, III-9-4

graph, III-9-3
tables, III-9-6

shadowing corrections, IV-1-7
shah function, see Λ functions, shah
shift theorem, see Λ Fourier transform, relations
short spacing, III-8-11
side-lobes, II-8-5
sidelobe, III-5-1
sidelobe patterns, III-8-7
sidelobes, II-5-1, II-5-7
similarity theorem, see Λ Fourier transform, rela-

tions
sinc function, see Λ functions,sinc
single sideband, III-7-4
smoothing, II-4-4
snapshot, I-2-6
spacing

missing, II-5-8
short, III-8-11

spacings
synthesized beam for different, III-8-11
table, III-8-10

spatial domain, II-4-2
spatial frequency, II-4-2

coverage optimization (mosaicing), III-6-2
spatial frequency brightness distribution,see Λ vis-

ibility function
spatial frequency filter, II-5-5
spatial frequency sensitivity function, II-5-2
spatial resolution

choosing the, III-3-3
spectra, II-8-1–II-8-13
spectral domain, II-4-2
spectral power, II-7-1
spectrum

of continuum point source, II-8-6
spherical trigonometry, V-1-3
standard baselines, see Λ baselines,standard
standard corrections, IV-1-5
(non-)standard baselines, see Λ baselines,non-standard

Stokes parameters, II-9-6, see Λ polarization, Stokes
parameters

structure
extended, III-6-1
large scale, II-5-8
low level, II-5-8

surface accuracy, I-2-1, III-1-1
synthesis measurement

error in, IV-3-3
synthesized beam, III-8-9–III-8-12
system temperature

measurement of, III-7-2

taper, II-5-2, II-8-4, II-8-7, II-9-7
choosing the , III-3-2
effective frequency resolution, I-6-4, II-8-12
Hamming, II-8-13, II-9-6
Hanning, II-8-10, II-9-6

effective frequency resolution, II-8-10
properties, I-6-4, II-8-12

noise tapered spectra, II-8-11
properties, I-6-4, II-8-12
uniform, II-8-4, II-8-9

effective frequency resolution, II-8-5
noise equivalent bandwidth, II-8-5
properties, I-6-4, II-8-12

taper function, II-5-2
tapering, II-8-9–II-8-10
tapes, IV-1-8
telescope

error, IV-3-3
temperature

system
measurement of, III-7-2

antenna, II-7-1, II-7-3, II-9-7
brightness, II-7-2, II-7-3, II-9-7
noise, III-7-2
objects, II-7-1
resistor, II-7-1
source, II-7-3
system, I-2-3, II-7-5, II-7-6, II-9-7, III-1-3

table, I-6-1, III-2-3
temperature corrections, IV-1-2
temperature(s), II-7-1–II-7-4
tied array, II-9-7
time domain, II-8-2
total intensity, III-4-2
Traveling ionospheric disturbances (TID)

effect in map, IV-3-4
trigonometry, V-1-1
troposphere, IV-1-7

uncorrectable errors, IV-1-3
uniform taper, see Λ taper, uniform
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coordinates, II-6-1

definition, II-6-2
domain, II-4-2
plane, II-3-1, II-5-1

(position of) structures in, II-4-2
ellipses, II-3-2, II-5-2

UV FITS, IV-1-8

Van Vleck correction, IV-1-2
varying gain error, IV-3-3
varying phase error, IV-3-2
video bandpass, II-8-1
video frequencies, III-7-4
video frequency, II-8-1
visibility, II-2-1–II-2-4, II-2-6, II-3-1, II-9-7

amplitude, II-2-4, II-2-5
calculations, V-2-1–V-2-2
complex, II-2-3
cosine, II-2-3
definition, II-2-3
fourier transforming the, II-5-1
Gaussian source, V-2-1
phase, II-2-4, II-2-5
point sources, V-2-2
sine, II-2-3

VLA, I-2-6
VLBI, I-2-3, I-2-5, II-9-7, III-1-3, III-1-4

Westerbork unit, II-9-7
window, see Λ taper

zero frequency, see Λ video frequency 0



USER DOCUMENTATION GLOSSARYA : azimutha : altitudeA(�); A(l;m): antenna reception patternAe : effective aperture of antennaAT : geometrical cross-sectional area of antenna apertureAN (�); AN (l;m) : normalized antenna reception pattern (= A(�)=A(0) or A(�)=Amax

B : total bandwidthB(�) : brightness distribution in direction �B0(�) : modified brightness distribution indirection �b : channel separation b = B=NFb : new galactic latitudeD : degradation factor, increase in noise when using a digital instead of an analogue correlatorD : baseline vectorD� : baseline vector in units of wavelengthD� : length of baseline vector in units of wavelengthD�;max : maximum baseline length in units of wavelengthD�;min : minimum baseline length in units of wavelengthD�;inc : baseline length increment in units of wavelength
E : complex electric field column vectorEx : x component of complex electric field column vectorEy : y component complex electric field column vectorDproj : projected baseline lengthDx, Dy, Dz : components of baselinevector in equatorial coordinatesêu : unit vector of the astrometric coordinate system, points to � = 0�, h = 0hêv : unit vector of the astrometric coordinate system, points to � = 0�, h = 6hêw : unit vector of the astrometric coordinate system, points to � = 90�êx : unit vector of the equatorial coordinate system, points to � = 0�, h = 0hêy : unit vector of the equatorial coordinate system, points to � = 0�, h = 6hêz : unit vector of the equatorial coordinate system, points to � = 90�
F : response matrixF (D�; s0) : fringe functionF (s0) : fringe functionF (s) : fringe functionG : grading functionG : (complex) gain factorg(u; v) : grading function



WSRT User Documentation, Preface Preface page: 22G(l;m) : Synthesized beam (Fourier transform of the grading)H(�) : bandpass shape functionHi : signal in Hanning tapered frequency channelHAV : average signal signal in added Hanning tapered channelsH(�) : normalized voltage main beam responseh : hour angleh0 : hour angle of pointing centerh(t) : time cross correlation functionI : Stokes parameter, total intensity (complex)Ib(R) : integral of synthesized beam of circular area with radius RJ0 : zero order Bessel functionj : imaginary unit (j = p�1)K� : Constant involved in noise calculationK(�) : normalized voltage crosstalk termk : Boltzmann’s constantL : left hand circular = I � VLs : linear shadowingl : new galactic longitudeM : factor depending on type of receiver and dipole combinationNB : Bitmode (equals 1 or 2)NBL : number of spacingsNF : number of frequency channelsNI : number of interferometersNP : Number of polarizationsn : an integer vallueM : scaling factor depending on type of receiver and dipole combination usedm : fraction of polarizationP : percentage polarizationPs : polarization summation factorPA : polarization position angleP (R) : normalized synthesized beam intensity at radius Rp : position angle of the baselineQ : Stokes parameter, linear polarization component (complex)q : parallactic angleR : right hand circular = I + VR(�) : Rotation matrixREW : complex response of a polarization interferometerRT : shorthand for radio telescopeRtel : Telescope responser(D�; s0) : response of a correlating array as a function of baseline seperation and pointing direction
S : coherence matrixSxx, Sxy, : : : : components of the coherence matrixS : observed fluxS0 : source flux densitySm : matched flux densitys : direction vector pointing to arbitrary centers0 : direction vector pointing to field centersx, sy, sz : components of pointingvector in equatorial coordinatesTA : antenna temperature



WSRT User Documentation, Preface Preface page: 23TF : system temperature of fixed telescopeTM : system temperature of movable telescopeTb : brightness temperatureTn : noise temperatureTr : temperature of a resistorTs : system temperaturet : integration timeUi : signal in frequency channel iU : Stokes parameter, linear polarization component (complex)
V : output voltage column vectorVx : x component of output voltage column vectorVy : y component output voltage column vectorV : Stokes parameter, circular polarization component (complex)W : powerWA : power measured by radio antennaWr : power at resistor terminal (Nyquist)w : spectral power (power per unith bandwidth)wA : spectral power (power per unith bandwidth) measured by antenna
XX : (complex signal in) correlation channel made from dipole X and dipole X in telescope ‘p’ and

‘q’ respectively
XY : (complex signal in) correlation channel made from dipole X and dipole Y in telescope ‘p’ and

‘q’ respectively
YY : (complex signal in) correlation channel made from dipole Y and dipole Y in telescope ‘p’ and

‘q’ respectively
YX : (complex signal in) correlation channel made from dipole Y and dipole X in telescope ‘p’ and

‘q’ respectively� : right accension� : boresight angle�f : full width at half maximum of the power beam�m : distance from the center to the point at which the voltage polarization has its maximum�0 : the distance in degrees of the beam center to the first null of the voltage pattern
Γ(u; v; t) : coherence function
∆Φ : phase shift�� : noise equivalent bandwidth� : declination�0 : declination of pointing center�av : r.m.s. noise in added frequency channels after (Hanning) tapering�� : frequency separation, bandwidth
∆� : (scalar) dipole setting error difference (=∆RTWEST � ∆RTEAST )
∆+ : (scalar) dipole setting error sum (=∆RTWEST + ∆RTEAST )
∆S : error associated with total flux density S
∆Srms : thermal noise fluctuations in total flux density� : (complex small instrumental term (=∆� � jΘ+)�a : aperture efficiency�g : grading efficiency factor� : (complex small instrumental term (=∆+ � jΘ�)
Θ� : (scalar) dipole elipticity difference(=ΘRTWEST � ΘRTEAST )
Θ+ : (scalar) dipole elipticity sum (=ΘRTWEST + ΘRTEAST )� : frequency
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ΩA : beam area (integral over the beam)� : rotation angle� : vector in image plain (� = s� s0)� : error associated with matched flux density Sm�XX ,�XY , etc: error associated with matched flux density for different polarizations�g : geometrical delay�i : inserted delay
Φ : latitude
Φz : phase of complex number z
ΦV : visibility phase� : nominal position angle of dipole�+ : sum of nominal position angle of dipoles = �W + �E�� : nominal position angle of dipole= �W � �EV : complex visibilityjVj : visibility amplitude
III : Shah function<(z) : real part of complex number z=(z) : imaginary part of complex number z++ : paralel dipoles+� : crossed dipoles
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